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We Pipes
the second is Dr. Verduin, who has a class of young ecologists
to teach in the morning, and my experience over the last 2
years is that we are badly in need of well trained young
ecologists.

with that preface, I will ask Dr. Pipes to begin

with his presentation.

STATEMENT OF DR. WESLEY O. PIPES,
PROFESSOR OF CIVIL ENGINEERILING,
AND PROFESSOR OF BIOLOGICAL SCIENCES,

NORTHWESTERN UNIVERSITY,

EVANSTON, ILLINOIS

DR. PIPES: Before I start, I would like to say
that I am just as proud as I can be of Eileen Johnston.

She is one of my neighbors at Wilmette, and she is also
known as the "“sixth member" of the}Water Pollution Control
Board. (Laughter) She attends aii their meetings.

Mr. McDonald asked a question earlier about who is
checking on the surveillance people. Eileen is checking on
us; she is also checking on the Illinois Board; and she is
checking on the Illinois EPA, and I think she does a won-
derful job of that.

MR. McDONALD: Wwell, I know Eileen is placed in a
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W. Pipes
very unfortunate position because that makes the Board
without a majority. I don't know how David Currie is going
to react to that. I am sure they will havea lot of three-
to~three votes now. (Laughter)

DR. PIPES: Do the members of the conference have
copies of the testimony that was submitted on Tuesday to
the EPA? Has this been distributed? There are some extra
copies of the prepared testimony.

MR. BRYSON: These were distributed to the con-
ferees, There should be a package somewhere in that forest
on their desk.

DR. PIPES: Mr. Chairman, members of the confer-
ence, ladies and gentlemen, I last testified before this
conference in September 1970. Since my curriculum vitae
was made a part of the record of this conference at that
time, I will not further burden the record with my personal
history other than to state that I am still a Professor of
Civil Engineering and a Professor of Biological Sciences at
Northwestern University, and that I am still a consultant to
Commonwealth Edison Company.

The thrust of my testimony in 1970 was that,
although there was no proof that the condenser cooling
water discharge from any powerplant into Lake Michigan had

caused pollution, enough questions had been raised about
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mechanisms by which such discharges might cause pollution,
that it behooved the Enforcement Conference to take a con=-
servaivive approach to recommending temperature standards
for Lake Michigan. The conservative approach which I sug-
gesteu 1a 1970 was to allow a limited number of condenser
cooling water discharges to Lake Michigan and to require
that these discharges be studied intensively to determine
if any did cause pollution,

Today I am here to discuss with you some of the
studies which have been carried out, which are presently
under way, or which are planned for the Waukegan-Zion area
of Lake Michigane. This is the area of the lake which has
received the condenser cooling water discharge from Waukegan
generating station for almost 50 years now and which will
receive the condenser cooling water discharge from Zion
Station when it goes into operation.

I am not going to report either that we have found
proof of pollution due to the dischérge from Waukegan station
or that we have found proof that the discharges in question
will not cause pollution in the future. The overall picture
of our experience to date is that we have learned a great
deal about the environment in this part of Lake Michigan
and we have tested a number of the mechanisms by which

induced water temperature changes might cause pollutional
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W. Pipes
effects and, as a result, are somewhat more confident that
such pollutional effects are not occurring and will not
occur, However, in 1970 we were talking about possible
long~term effects (some of the government witnesses were
actually talking about effects which they thought might occur
by the year 2000) and about studies of 1= to 5-years
duration. Obviously we hgve not completed any 5-year
studies since 1970 and obviously we have not studied the
Zion Station discharge itself since that plant is not yet
in operation.

In 1970, I submitted a document for the record
which was entitled "Study Plan for Determination of Thermal
Effects in Southwest Lake Michigan." This document described
the general approach and rationale of the studies and pre-
sented the plans for eight projects which were then either
under way or contemplated.

I requested comments on the Study Plan related
to the questions which we were investigating and the methods
which we were using, Early in 1971 we received comments on
the Study Plan from Drs. Mount, Tarzwell, and Powers of the
U.S. Environmental Protection Agency, and Dr., Linduska of
the Fish and Wildlife Service, U.S. Department of the
Interior. We found many of these comments quite helpful

in modifying some of the projects and in developing new
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projects.

I do believe that it would be wise for the con-
ference to create a more permanent group of scientific
representatives of Federal and State agencies to be concerned
with the studies of condenser cooling water discharges to
Lake Michigan. Such a group meeting periodically could
greatly facilitate the flow of information between the con-
cerned governmental agencies and those of us who are in-
volved in seeing that the studies are carried out and that
the data collected are properly analyzed and interpreted.

I would now like to present the Study Plans which
have been developed for Projects IX through XVII of the
studies of the Waukegan-Zion area of Lake Michigan. Again,
we would like to request official (and unofficial) comments
about these plans and the methodologies which are being
used.

Projects IX through XVII are written up in the same
format which was used for the projects included in the 1970
Study Plan and the entire seriés of projects represents a
continuing development., Some of the projects have been
completed, some are currently under way and some have not
yet been initiated. For ease in obtaining an overall
perspective of the projects I have included Table I with

this statement, (See p. 755) This table gives the starting




STATUS OF PROJECTS:

TADLE I
WAUKEGAN-ZION AREA STUDIES

Project

Initial Period

Status

II.
I1I1.
Iv.

VII.
VIII.

IX.

XII.
XIII.
XIV.

XVI.

XVII.

XVIII.

Temperature and D,0. Monitoring

-y

at Taukcgzan Station

Inshore VWater Quality Evaluation
Phyteplankton Study
Pirysiolegical Effects on Fish
Field Studies on Periphyton
Meteorological and Hydrological
Monitoring

Field Sampling Program
Zooplankton Study

Fish Pecpulation and Life
History Program

Ficld Study Program
Intake-Discharge Experiments at
Waukegan Generating Station
Temperature Response of Fish

Not used for superstitious reaso

Physical Characteristics of
Winter Discharge Plume from
Waukegan Generating Station

Effects of Gas supersaturation
on Fishes in Southwestern

Lake Michigan

Study of the Spring Thermal Bar
in the Waukegan-Zion Area of
Lake Pichigan

Intake-Discharge Experiments at
Zion Generating Station

Zion Statiocn Discharge Plume

T1/70-2/71

4/70-3/71
8/70-3/71
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4/70-3/71
6/70-3/71
4/71-12/71

4/71-3/72
5/71-4/72

6/72
ns

2/72-3/72

2/72-4/72

3/72-5/72

Continuing for the duration of the studies

Complete, succeeded by Project XI
Complete, succeeded by Project X
Abandoned, succeeded by Project XII

[ ISR YT 1~ SR - 3
Complete, succccoded by Project XTI

Methodology being changed

Complete, succeeded by Project X.
Complete, succeeded by Project X

Complete, continuing with revised study plan

Complete, continuing with revised study plan

Complete, continuing with new study plan as
Chemical Monitoring at Waukegan Staticn

In progress

Complete

Complete

Complete

To start with plant operation

Study plan being prepared
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date for the various projects and indicates the expected
duration.,

Although this is not in the prepared testimony,
I would like to insert a figure here, since Mr. Comey
brought up the question of the funding of Study Plans. I
am informed by Commonwealth Edison Company that the studies
that have been carried out on Lake Michigan over the last
3 years =~ essentially starting early in 1970 -- according
to the present time have been running at a rate of $1.8
million per year involved in studies in monitoring work in
this area of the lake.

Now, in this table I have also included Project
XVIII, which will be a study to define the location, extent,
and area of the actual discharge plume from Zion Station.
Preparation of the Study Plan for this project was started
in August 1972 and we will have the Study Plan developed
and equipment ready before the end of the year. This
project is included in the table because we would very much
like to have input to the development of the Study Plan from
all interested agencies.,

In the role of consultant to Commonwealth Edison
Company, I have been concerned with studies of condenser
cooling water discharges since 1968. Dr. John C. Ayers of

the University of Michigan and Dr. Donald W. Pritchard of
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The Johns Hopkins University started consulting with Common-
wealth Edison Company in 1969. Dr. Edward R. Raney of
Cornell University (now emeritus), Dr. G. Fred Lee of the
University of Wisconsin, and Dr. Andrew Robertson of QOkla~
homa University (now with the National Oceanic and Atmos-
pheric Administration) started consulting on the studies in
1970, Dr. Donald C., McNaught of the State University of
New York at Albany was added to the group of consultants
in 1971 and Dr. Jacob Verduin of Southern Illinois Univer-
sity in 1972.

Although brief studies of the Waukegan-Zion area
of Lake Michigan were supported by Commonwealth Edison
Company in 1968 and in 1969, the intensive study related to
condenser cooling water discharges in this area now repre-
sents about 2-1/2 years of effort. During this period, we
have successfully completed some projects and we have also
had some disappointments. We have found that in some in-
stances it was necessary to develop new methodologies or
new equipment in order to get at the questions we wanted to
answer. (We have also lost a fair amount of sampling equip-
ment in Lake Michigan and I hope that the Enforcement Con-
ference will not consider these additions to the lake sedi-
ment to be pollutional effects.) I would like to comment

briefly on some of our disappointments, some of our changes
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in methodology, and some of the positive results we have
obtained.

One of our biggest disappointments was Project IV,
the laboratory study of fish physiology. In this study, we
were able to verify the Harvard Law of Animal Behavior
which states that: "When held under carefully controlled
laboratory conditions, organisms do as they damn well
please." Actually, what we found is that it requires a
talented fish culturist to keep many species of fish alive
in the laboratory and that in our project excessive mortality
among the control group prevented us from carrying out a
sufficient number of valid experiments to achieve our ob-
Jjectives. We also discovered that the laboratory method-
ology for determining some of the physiological responses
(particularly changes in haematology) are inadequate for
our purposes. As a result of our experiences with this
project, we completely revised the Study Plan and greatly
modified the laboratory, design of new equipment, and
installation and testing of the equipment. The design of
new equipment, and the installation and testing of this
equipment took a good part of 1971l. The new laboratory
study with fish (Project XII) is presently under way, but
the results have not yet been evaluated. Dr. Raney will

present to you some additional material which relates
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especially to the Zion type of high velocity discharge,

Our intake-~discharge study at Waukegan Station to
determine the effects of condenser passage on the zooplankton
population has been quite successful., Initially we dis-
covered that small sampling pumps and drift nets tended %o
mash up many of the zooplankters. We tried several modifi-
cations of the sampling techniques in order to avoid this
mechanical damage during sampling. Our techniques improved
over a period of months and ultimately resulted in the
develcpment of an isokinetic sampling pump which treats the
zooplankters very gently. Dr. McNaught will discuss some
of these results describing thermal effects and mechanical
effects on zooplankton passing through the condensers.

Our phytoplankton sampling program has resulted in
the collection of a large number of data on the numbers of
algae which occur in this part of the lake., This year we
have adopted a technique developed by Dr. Verduin which allow
us to estimate phytoplankton biomass as well as obtain counts
of the various species present. We expect that this tech-
nique will allow us to develop better quantitative relation~
ships between phytoplankton populations and other environ-
mental factors. Dr. Verduin will describe some of the
information we have been able to derive from our previous

phytoplankton sampling projects.

(24
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We have also accumulated large amounts of data on
the chemical substances and physical conditions in the
Waukegan-Zion area of the lake. Dr. Lee will discuss some
of the conclusions he has reached about the chemical sub-
stances, especially as they relate to the effect a cooling
tower would have on water quality. While it is not part of
our study program, Commonwealth Edison gave you cost
estimates on cooling towers in 1970, and I understand that
Mr. Butler will reappear at this session to update that
material., Shortly after I finish, Dr. D. W. Pritchard
will discuss some of the often misunderstood physical con-
ditions in the lake, both existing and as expected after
Zion begins operation.

Earlier in this statement, I stated that we have
learned a great deal about the environmment in that part of
Lake Michigan which borders the Zion-Waukegan area. I
would like to elaborate in a general way on this topic.

Lake Michigan is a very large lake and its large-
ness alone requires a massive data collection effort to
characterize the environment. However, there is very little
habitat diversity in the area we are studying. The benthic
community does vary with depth but the components of the
benthic community are much the same at all the depths we

have studied. The variation is in the total community and
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in the relative abundances of the different components, There

are rare pockets of different types of sediment but usually
the variation is continuous without large discontinuities,
Likewise the organisms making up the plankton communities
are essentially the same throughout our study area. The
counts and the relative abundances of specific components
of these populations do change in a rather "patchy" manner
with depth and with the season of the year, but we are deal=-
ing with the same community in all parts of the area. The
fish appear to be free to select the particular location
which is dictated by their behavioral pattern at a particular
season of the year without being blocked off from any loca-
tion in this area, The periphyton community is present only
in shallow water where there are suitable substrates and the
area available for its growth is very limited in relation to
the total study area. The chemical substances dissolved in
the water vary from the shore outward as would be expected
since the shore receives land runoff and the discharges
from some cities and industries; however, the variation is
continuous without any large discontinuities.

What I am saying is that it really is just one big
lake and a lake with continuous rather than discontinuous
variation in the chemical and biotic components of the

ecosystem., Throughout the study area we are dealing with the

|
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same components. We have found no evidence to support the
hypothesis that there is a distinct "beach water zone" at
depths less than 30 feet separable from the rest of the lake
nor to support the hypothesis that there is an "inshore
zone" at depths less than 100 feet. An understanding that
the water depth is only one factor interacting with a large
number of other environmental factors to determine the nature
of the ecosystem is thus one of the general propositions our
studies have affirmed. The witnesses who follow me will
elaborate on several of those factors.

Now, if I could make a small addition, We were
very pleased to have Mr. Barber's laundry list of concerns
this morning. We have been asking for input and information
of this type for some time -~ for 2 years, I would say.

And we greet these concerns as hypotheses describing
mechanisms about how these dischargers or about how the
powerplants might cause damage to the lake's ecology; and
treating them as hypotheses, they can be treated in a
scientific manner.

Actually six of the seven witnesses who follow me
with their prepared testimony will describe studies which
relate to many of the concerns which Mr. Barber expressed
this morning,

We have been trying for this period of time really
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to get input or to try to get ideas from the Federal agencies
and from the State agencies about the type of things which
should be studied and which should be monitored out here,
We have made several requests for comments for some type of
scientific group that we could talk to about our studies
and report our findings to and go over the data with them.

Last year, in the summer of 1971, a group of us
made two trips into Washington to talk with people in the
Federal EPA, talking through Mr. Quarles. We met both times
in Mr. Quarles' office and met with him briefly one time,
and met with Dr. Everett, a member of his staff.

At one of these meetings in Washington, I remember
Mr. Barber was present at the meeting which ran over an
hour's time, and at that time we were talking about the
things that we should study. Mr. Barber has very little to
say about the type of things we should study. This was in
the summer of 1971. And we have continually asked for
information about the type of thing we should be studying
and the methodology we should be using.

I think that Mr. McDonald's question which he
raised about a mechanism of who was going to make an over-
all evaluation, who is going tc take a look at the lake,
is a very important question, and I think it is a mechanism

that should be established so we have really somebody to
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talk with about what we are doing and the data we are
getting.

MR, MAYO: Are there any questions or comments,
gentlemen?

MR. BRYSON: Yes, I have a few comments and ques~
tions,

On page 10 of your statement, there 1s a rather
lengthy laundry list of projects that are under way or con-
templated or in various stages of completeness.

What is the general availabllity of the data
gathered from these studies? How much has been released
to the general public, or is generally available?

DR. PIPES: Well, in answer to your question: I

would cite the document that the EPA made available at this

conference, the review document that was prepared by

Argonne Laboratory under contract with the Federal EPA.

There are 135 references cited in that document and out of

those 135, 13 of them are based on data which we have

collected in these studies.

MR. BRYSON: Have those 13 been made generally

available? The Argonne report is a summary document that

hits the high points,

DR. PIPES: Well, yes, the data from these studies

have been made generally available. We have not spent a
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great deal of time as yet preparing fancy reports, final
publications on these; but the information is generally
available to various scientific groups.

For instance, on Project XII -- pardon me =-
Project IX, a f{field sampling program, the group who has
been carrying out this study, has participated in the
deliberations of the Lake Michigan Study Commission of the
Great Lakes Fisheries Commission the last 2 years,and reported
to that group about their finding. I talked with the fellow
who was in charge of this project last week and he told me

that h

[41)

gets calls from the Great Lakes Fisheries Commis-
sion on the average of about once every 2 weeks asking what
kind of information he is getting, what kind of data he is
collecting on the fisheries up there.

And so in terms of its availability to the
scientific community and for examination and interpretation
of data, I think this has been very good.

MR, BRYSON: With respect to the study outlines and
the comments by Federal agencies, if my memory serves me
correctly, has not Dr. Mount of the National Water Quality
Laboratory met with you a couple of times to go over study
outlines and general details of desirable studies?

DR. PIPES: We had a good deal of correspondence

with Dr. Mount in the winter of 1970-1971 and the spring of
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1971, and found his commenps very helpful, and he helped us
a great deal in giving us guidance and technology on the
things we should be studying,

We haven't really had much communication with him
since the summer of 1971.

MR, BRYSON: I was under the impression that there
have been some exchanges of information between yourself
and Dr. Mount.

DR. PIPES: There, I believe, have been some ex-
changes of data information between some of the people
involved in actually carrying out the study and some of the
personnel in his laboratory, but we haven't been getting any
kind of official communication from him,

MR. BRYSON: I was also under the impression that
subsequent to your Washington meeting with Mr., Quarles and
Dr. Everett of Mr. Quarles' staff, that there was some com-
munication back and forth between the two of you and that
it was left subsequent to that communication that you would
get back to Dr. Everett with some of the revised study out-
lines, and that he was awaiting for the receipt of that
information.

DR. PIPES: Well, quite recently this is true,

In August of 1971 -- just last month -~ we received some

additional comments and requests for additional Study Plans
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from Dr, Everett of his office to supply these, and I under-
stand there is a Dr. McErlean who is now working in his
office. I was able to meet Dr. McErlean yesterday here
and c.aat with him briefly, and from my conversation with him
I understand there is an intention to establish some type
of continuing relationship with him so we can supply him
with information about what we are doing and get comments
from him,

MR, BRYSON: I have one final question. On page
8 of your statement, the first sentence in the last para-
graph —-- can you elaborate in greater detail on what you mean
by that statement? That is page 8, the first sentence of the
last paragraph that reads: "What I am saying is that it
really is just one big lake and a lake with continuous rather
than discontinuous variation in the chemical and biotic
components of the ecosystem."

DR. PIPES: Well, I think I would have to agree
that I probably got a little over-enthusiastic when I wrote
that particular sentence.

The study area that we have been concerned with
is the Waukegan-Zion area of Lake Michigan, and we have gone
something in the neighborhood of about 6 miles in either
direction down the shore and roughly 6 miles out in the lake

in our sampling program, and my comments should really be
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confined to this area of sampling which we have been in-
volved in,

I understand that the conferees heard some reports,
information on algal forms on Tuesday, which showed a con-
siderable difference between inshore and offshore forms.
Although T wasn't here to hear Dr. Stoermer's presentation,
my understanding is =- in his terminology talking about
inshore and offshore -- he was going back to perhaps the
older terminology. This has been a terminology used in
Lake Huron and Lake Michigan going back some decades between
inshore samples and offshore samples, and the usage tradi-
tionally has been related to a distance of 10 miles from
the shore.

In other words, any sample collected more than 10
miles from the shore was considered to be an offshore sample.
Any sample collected less than 10 miles from shore was
considered to be an inshore sample.

I think there is perhaps some scientific basis for
this type of a designation between offshore and inshore
sampling.

The argument here is related to the inshore
existence -~ well, the geologists call this a littoral shelf
that is formed by certain geological processes when the lake

is formed, There is offshore in the southern basin of Lake
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Michigan at a depth somewhere like 250 or 300 feet a ridge
that shows up on the contour and this is roughly 10 miles
from shore,

Some of the older literature -~ some of the
19th century literature interprets this as being the edge
of the littoral shelf, and I think this is where the 10-
mile inshore-offshore idea came from. That is the best I
can tell, Some of the more recent geological interpreta-
tions tend to indicate that this ridge may even be caused
by the existence of another lake -~ Lake Chippewa =-- some
several thousand years ago. It may not have been related
to the formation of the littoral shelf at all.

In Hutchinson's book —~- Hutchinson's "Treatise on
Limnology" -- he has quite a discussion on the formation of
the littoral shelf, and he cites Lake Michigan as an example
of a lake which has an extremely wide littoral shelf.

Well, anyway -~ I am wandering here -~ the point I
am trying to get at is: There was an older usage of "on-
shore" and "offshore" and "inshore" samples which was 10
miles from the shoreline. Now, this definition was picked
up by the Public Health Service and the Great Lakes Illinois
River Basin Project, and they used this designation in their
sampling program.

In 1970, the group from the Department of Interior
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who prepared the "white paper" -- "Physical and Ecological
Effects of Waste Heat on Lake Miéhigan“ -- for some reason
came up with a different definition of "inshore zone" and
“"beachwater zone," for which we haven't been able to find
any historicalprecedent, and our studies since that time
have been related to trying to test this as a hypothesis.
You can consider any definition to be a hypothesis. We can
hypohesize that there is an inshore zone at 100 foot depth,
and what I am saying here is that we really found no data
to substantiate this hypothesis.

MR, McDONALD: Dr. Pipes, I would say -- you say
that your enthusiasm got the better of you -- I think one
of the points we have been developing here today is that it
1s one blg lake, and if your enthusiasm got the better of you
I think that was a good move.

DR. PIPES: Good.

MR. McDONALD: Wwhat do you think is the most
significant piece of information that has come to your
attention regarding these problems since the spring of
1971 session of the conference?

DR, PIPES: The most significant single piece of
information?

MR, McDONALD: 1Is there an outstanding piece of

information that you would identify to support the Illinois
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position?

DR, PIPES: Well, we have an awful lot of pieces
of information. I really don't carry all of the conclusions
of all these studies around in my head; it would be very
dixficult for me to make a selection from the available —-

MR, McDONALD: Well, I bring it up in this con-
text, This morning we asked Mr, Bryson if he thought there
was anything really new on the basis of the Argonne informa-
tion, He indicated that there was nothing outstandingly
new,

And in that Argonne summary there is some -~ what?
-— 13 pieces of information from your studies, and I am
wondering if Mr, Bryson was on target with this, or if you
would in any way change that?

DR. PIPES: Well, this i1s really not the way that
science usually progresses. It normally is a long-term pro-
cess of accumulating a great many bits and pieces of
information, and of testing a great many hypotheses.,

And we have looked at this, looked at many things. One of
the more interesting things that I might throw out =-- althoug]
we are still in the process really of analyzing the data --
there is a study there which is described as a study on

the spiring thermal bar, which was carried out in March,

April, and May. There have been a good many allegations and
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questions about this being some kind of a barrier to mixing,
And we collected a great deal of data last spring. As I
say, We are still very much in the process of analyzing this
data. I imagine this could be a few months before we have
the things fully put together; although, again, most of the
data is available to the people who are scientifically
interested in looking at it.

I think that some of our spot checks on data show
that we have, I think, pretty clear evidence that the thermal
bar is no barrier whatsoever to the advection of heat from
the shoreward side and the offshore side of the bar. And
so there is a question coming up in many respects in terms
of the water quality matters of Lake Michigan., I really
think I think of this because I have been looking at those
data most intensively quite recently.

MR, MAYO: If there are no other questions,
gentlemen, thank you, Dr. Pipes.

MR. FELDMAN: Dr. Verduin is next, Mr. Mayo.

MR. MAYO: May I presume that, for purposes of
the record, we would have the study that Dr. Pipes presented
to us introduced as an exhibit?

MR, FELDMAN: Would you please?

Document, "Evaluation of Thermal Effects in South-

western Lake Michigan, January 1970--April 1971" is on file i

at U.S. EPA Headquarters, Washington, D.C., and Region V
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Office, Chicago, Illinois.
MR. FELDMAN: I might say that Dr. Verduin's
piece is the first of a series which will present new data.
I suppose that the conferees have to arrive at their own

conclusion about the significance of the new data.

STATEMENT OF DR, JACOB VERDUIN,
PROFESSOR OF BOTANY,
SOUTHERN ILLINOIS UNIVERSITY,

CARBONDALE, ILLINOIS

DR. VERDUIN: My name is Jacob Verduin. I am a
Professor of Botany at Southern Illinois University at
Carbondale, Illinois. I obtained a Master of Science and a
Doctor of Philosophy Degrees in Plant Physiology under the
direction of Dr. W. E. Loomis at Iowa State University at
Ames. In 1948, I joined the staff of the Franz Theodore
Stone Institute of Hydrobiology at Put-~in~Bay, Ohio. This
is a station of The Ohio State University, and is located
on South Bass Island in western Lake Erie. I have continued
an active research program in the Great Lakes ever since

that time.

I was one of the first to point out the spectacular

increase (450%) in phosphorus concentrations which occurred
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in western Lake Erie between 1948 and 1955. I am convinced
that this is the singlemost important factor in the undesir-
able enrichment that Lake Erie has experienced during the
past 20 years. A twofold increase in phytoplankton photo-
syntl.esls was correlated with this increase in phosphorus,
and I have continued to monitor the photosynthetic rate in
western Lake Erie every summer. During the past summer, two
of my graduate students worked on this project, pursuant to
an Environmental Protection Agency Training Grant in Aquatic
Ecology which I administer through Southern Illinois
University.

I have a mobile limnological laboratory (a pontoon-
type houseboat) which is now based at Memphis, Tennessee,
where we will investigate the effect of Memphis discharges
on the Mississippl River., This mobile laboratory was con-
structed with the aid of a National Science Foundation
Grant (1967) and it is subsidized partly by the same EPA
Training Grant that I mentioned previously.

During the last 2 weeks of August just past (1972),
I carried out a study of photosynthetic rates in Lake
Superior, on board the University of Michigan research ship
"Inland Seas." I also spent 6 weeks on board that ship in
1969, studying both Lake Michigan and Lake Superior.

During the summer of 1971, I traveled from Chicago
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to Hamburg, Germany, and returned to compare photosynthetic
rates in the Great Lakes, the St. Lawrence River, and the
Atlantic Ocean. The diatoms collected on this trip are now
being identified and their biomass is being calculated by
a graduate student at Southern Illinois University.

I have published 47 papers during the past 20
years on various aspects of aquatic ecology and plant
physiologye.

My testimony today concerns the phytoplankton data
gathered by Industrial Bio=Test Laboratories in the Zion and
Waukegan areas, as they relate to the concept of changes
between nearshore and offshore areas in western Lake
Michigan. I will confine my remarks today primarily to
data gathered between May 1970 and March 1971, which are
contained in a Bio=-Test Report prepared by J. M. Piala. The
data are less complete than will be available for the 1971-
1972 studies, but they appear sufficient to support some
tentative conclusions. This study included monitoring the
phytoplankton at three locations one-half mile from shore
(Waukegan, Zion, and Dead River) and at one location 6
miles offshore from the Zion station. The three inshore
stations represent waters from the so-called "inshore" zone
and the 6-mile station is within the zone designated by

some as "open water."
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When the three "nearshore" zone stations are com-
pared, it is evident that their average phytoplankton popu-
lations are closely similar both in the level of population
and in the species composition. There 1s one minor exception
to this statement: The Waukegan station showed a slightly
higher (10 to 20 percent) average phytoplankton population
than the other two nearshore stations. This statistic prob-
ably reflects nutrient enrichment from the city of Waukegan,

However, when the average phytoplankton data from
the three nearshore stations are compared with the 6-mile
offshore Zion station, a large difference is evident. I have
prepared a graph to demonstrate this comparison. (See
Figure 1, p. 777) In this graph, I have combined the data
from the three nearshore stations into a single curve for
comparison with the data from the 6-mile station. The
graph shows two interesting features:

1. The nearshore populations show their highest
values during winter and early spring, and their lowest
values are observed during the periods of warmest temper-
ature (August to September).

2. The nearshore stations are about threefold
higher in phytoplankton population during the winter and
spring than the 6-mile station, but when the low values are

observed in August and September, the nearshore and the
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6-mile station data are practically identical. I should say,
also, that a threefold difference is less than some have
projected and certainly does not indicate that the offshore
area is incapable of supporting productive growth. Based
on my experience elsewhere, 1 had expected, in fact, that
there would be about a sixfold difference. Furthermore,
although the Figure 1 curves do not show it, the species
composition shows the same kind of convergence in August
and September as is evident in the population levels of
Figure 1. The fact that a threefold difference in phyto-
plankton population is established between the nearshore
and the 6-mile station during winter and spring suggests
that the nearshore area has a higher nutrient supply and
greater energy supply per unit of water volume available,
so as to allow a higher population to develop. During
August and September, relative nutrient supply is so nearly
the same at the five stations that the phytoplankton popu-
lation levels converge. Indeed we could reasonably say
that the distinction between nearshore and offshore areas is
obliterated under these conditions,

Given these data, what kinds of conclusions can
one draw? I should like to examine briefly two questions
often raised in discussions of Lake Michigan, but sometimes

misunderstood or misused., The two questions relate to the
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rate of exchange of nearshore and open waters and relative
productivity of those waters. The first question I would
like to examine is this: What kind of mixing rates are
present when a threefold higher population is found in the
nearshore zone? To discuss this question, I wish to intro-.
duce the concept of "Mean Residence Time," and I will phrase
the question in this way: "How long does a parcel of water
take to move from the nearshore area to those 5 miles off-
shore?"

Let me discuss briefly here the situation that
prevails in western Lake Erie, because we know the average
residence time in the western basin and we have compared
the watcers in lower Lake Huron with the waters of western
Lake Erie., As the waters from Huron enter Lake Erie they
experience an eightfold increase in phytoplankton popula-
tion and they experience an almost total displacement in
major species composition, and this 1s accomplished during
a residence time of 2 months. Consequently, I believe that
if the average residence time in the nearshore area of
western Lake Michigan were as long as 2 months, then we
would find a similarly spectacular difference both in popu-
lation level and in species composition there. Because the
population differences are smaller and because the species

composition in the nearshore area and the b-mile station are
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closely similar, the mean residence time in the nearshore
must be considerably less than 2 months,

Studies of the generation time in inshore zones
and in western Lake Lrie have shown that a doubling of a
phytoplankton population occurs in about 1 week, compared
to a3~ to 5-week generation time in offshore waters, If
doubling of a population occurs in 1 week, then a threefold
difference in phytoplankton could arise in a period of less
than 2 weeks, Therefore, on the basis of these considera-
tions, I would like to estimate the mean residence time in
the nearshore area of western Lake Michigan during the
periods when a threefold distinction is observed between
nearshore and the 6-mile station populations. I estimate
that this mean residence time is less than 2 weeks,

Finally, I wish to comment on phytoplankton pro-
ductivity in the nearshore as compared to a zone several
miles from shore. There is a concept, rather widely accepted
that the nearshore zone is considerably more productive than
the areas farther offshore. 1In the case of the area we are
considering here it is obvious that during much of the year
the nearshore has a phytoplankton concentration about three-
fold higher than the zone 6 miles offshore. This means that
a small fish, or a given zooplankter, grazing nearshore,

will need to expend only one~third as much effort to graze
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his fill as would such an organism in the 6-mile zone,
However, this is not a result of greater phytoplankton pro-
ductivity, but a result of a higher population density per
unit volume. When we consider total phytoplankton produc-
tivity it 1s necessary to express production not in terms of
a unit of water volume but in terms of an integrated value
that contains a summation of all the water in the vertical
column, This fact has been recognized by most limnologists
and oceanographers., Consequently, they usually express
phytoplankton productivity in terms of yield per square
meter of water surface. During the summer of 1969, I made
such computations from my Lake Michigan data. We repeatedly
occupied two stations, one abcut one-half mile from shore
and another about 5 miles offshore, near Grand Haven,
Michigan. The ylelds were expressed as millimoles of carbon
dioxide fixed per square meter per day. The comparison
revealed the following result:
Table 1. Comparison of Inshore and Cffshore
Phytoplanktgn ?hotosyn&hesis in Lake
Michigan (Millimoles/M~ Day)

Inshore (1/2 mile) Offshore (5 miles)
200 280

This comparison reveals that the f2-mile station
actually had a higher yield per square meter than the station

one-half mile from shore. This is a result of the fact that
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we were integrating the yield from a considerably longer
vertical water column at the 5-mile offshore station, Notice
however, that this is a realistic situation. The organisms
that live on the bottom at a depth of 30 meters of water have
access to all the materials settling out of the 30-meter
column, while those living beneath 5 meters of water have
access only to the materials that settle out of that S-meter
water column,

Let me now summarize the principal conclusions in
this testimony:

1. The mean residence time of water in the so-
called nearshore of western Lake Michigan is relatively
short -- probably less than 2 weeks -- and the nearshore
distinction i1s apparently obliterated during the summer
months, Therefore the concept of the nearshore as a dis-
crete zone that does not exchange with the rest of the lake
is not a valid concept.

2, The phytoplankton productivity in the nearshore
when compared on a unit area basis with offshore productivity
is not higher but may even be somewhat lower than the off-
shore productivity.

Thank youe.

MR. MAYO: Any questions or comments, gentlemen?

MR. BRYSON: I do have a couple.
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On page 6, when you are discussing the dynamics
between or making a comparison between the dynamics in Lake
Michigan and Lake Erie, I have trouble with a concept that
the dynamics of both lakes are the same -~ the western basin
of Lake Erie and the nearshore-~offshore of lLake Michigan,

Can you elaborate somewhat on that, on that
comparison?

DR, VERDUIN: Well, I am using western Lake Erie
as a reference because it is an area in which we have about
a 30-foot depth, and we have a known residence time as a
result of through-flow information, and we know what happens
there. And in comparison of Lake Huron, the water goes from
Lake Huron into Lake Erie in just a few days and then it
resides there for 2 months and we see these spectacular
changese.

I think that as far as injections per mile of
shoreline are concerned, they aren't comparable., In other
words, I rather doubt if the rivers that flow into Lake
Michigan carry a lot less in the way of input thar the
rivers that flow into western Lake Erie, you see,

MR. BRYSON: You say you doubt they do?

DR. VERDUIN: Yes., I rather think the farming
communities of Wisconsin and Illinois, and the cities of

Wisconsin and Illinois inject along the shore of Lake
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Michigan similar inputs to those that flow from Michigan
into Lake Erie, I think the main difference between them is
the fact that the water is held in the western basin, and
the injections go in there and the water is held there for
2 months. And if the inshore zone of Lake Michigan were
actually held fairly stable for a period of 2 months, we
would see the same kind of thing in the inshore zone that
we see in Lake Erie.

That is my assumption. That i1s the assumption on
which this computation is based. Anc if you don't want to
accept that assumption, then, of course, the computation
also falls apart.

MR. BRYSON: How deep were these samples taken at
the half-mile station and at the 6-mile station; and also
how deep was the water at those points?

DR. VERDUIN: Well, the water at the half-mile
station is between 25 and 35 feet deep, and we have samples
from both surface and depth which show that you cannot detect
a vertical difference in phytoplankton distribution, so it
wouldn't matter whether we took them from the bottom or the
top; they are the same,

MR. BRYSON: Which was the next question I had.
Is that the case with the 6-mile station also?

DR. VERDUIN: Well, no. At the 6-mile station you
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do get some vertical differences, but we have both surface
and depth, and the data are the average of the two. The
points that appear at the 6-mile station are the average of
the two depths. We Jjust averaged them because we thought
they were more representative than either one of them would
be independently.

MR, BRYSON: I am not too sure I understand.

Page 8 ~--

DR. VERDUIN: Yes.

MR, BRYSON: - the bottom paragraph, 5 lines up
from the bottom, this says: "The organisms that live on
the bottom at a depth of 30 meters of water have access to
all the materials settling out of the 30-meter column ..."
hence you integrated over the full depth.

DR. VERDUIN: I am talking there about benthic
animals. I am talking about the benthic animal food supply,
which is an integrated supply from a vertical column, This
should not be confused with my sampling of the phytoplankton.
I am simply saying that integrating the vertical column is
a realistic integration, it isn't just an academic exercise.
So that when I express phytoplankton productivity as milli-
moles per square meter, this is a better way of expressing
productivity than millimoles per cubic meter. That is

essentially what I am saying there. And then I also point
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out that the organisms on the bottom are all of the time
integrating their food supply in the same fashion by hatch-
ing it as it settles from the whole vertical column., The
only exception to that statement is the poor organism
that has to graze per unit volume and he, of course, has
the big advantage inshore where the concentration per unit
volume is greater.,

MR. MAYO: Any other questions, gentlemen?

Thank you, Dr. Verduin,.

Mre. Currie, I would like to suggest that we con-
sider interrupting the Illinols presentation at this time
in order to take a break,

MR. CURRIE: That suits me Jjust fine, Mr. Chairman.

MR, MAYO: Pardon?

MR. BLASER: Was there going to be another presen-
tation in this -~

MR, CURRIE: Mr. Feldman, I believe =-

MR, MAYO: Excuse me,

Mr. Feldman.

MR, FELDMAN: Yes, We have five more people,
They are available for as long as the conferees are avail-
able., T am told that one can lose a lawsuit by keeping the
jury past its dinner hour, and 1 do not want to run that

risk. You people handle it as you wish.




O &0 ~N o W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
2L
25

787

Jo Verduin

MR, MAYO: 7You had indicated that you had Dr.
Pipes and Dr. Verduin who needed to leave.

MR. FELDMAN: Right.

MR. MAYO: Okay. Then, I would like to acknowlédge
that that has been accommodated, and I think we should take
a break. I would like to get some expression from the
conferees on what they think would be a reasonable time,
and from Mrs. Hall whether she has some suggestions on how
long it would take her to recover.

MRS. HALL: I'm beyond recovery!

MR. MAYO: Let's ask Mr., Feldman how long he
thinks it will take?

MR. FELDMAN: It is a little hard to estimate
Dr. Pritchard's piece; and I think Dr. McNaught and Dr. Lee
can probably summarize their material and do it quite
quickly., I think the Pritchard thing is already boiled
down so that it is hard to understand without being longer,
I don't think it can be summarized. Dr. Raney is a direct
response to Mr. Barber, and I think you ought to hear that.
Mr. Butler is cooling tower costs and not very long, and
maybe that could be summarized some. Done that wéy, it is
a minimum of another hour and probably more,

MR, MAYO: A minimum of another hour for Illinoise.

You have approximately a half hour for
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Wisconsin, Mr. Frangos?

MR. CURRIE: There are several additional Illinois
citizens on the Illinois list, Mr. Chairman.

MR. MAYO: Any estimate of how much time they
would require?

MR, CURRIE: Forty minutes,

MR. MAYO: We are faced with something in the
neighborhood of 2 to 2 and a half hours.

MR. MILLER: Two to 2 and a half hours is going
to result in about 5 hours before we get through.

MR. MAYO: Well, the alternative, gentlemen, is
to try to meet tomorrow,

MR. MILLER: We can't meet tomorrow.

MR. MAY0QO: I would suggest, then, that we stick
with it, take a break now of a half hour to 45 minutes.,
I would suggest, gentlemen, we try to finish up this
evening. We will break now and come back at 7:30.

(Short recess.)

MR, MAYO: Ladies and gentlemen, I believe Mrs.
Johnston has returned, so it would be appropriate for us to
get back into session!

Mr. Feldman.

MR. FELDMAN: Dr. Pritchard is ready, Mr. Mayo.

MR. MAYO: Thank you. Dr. Pritchard.
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STATEMENT OF DR. DONALD W. PRITCHARD,
DIRECTOR, CHESAPEAKE BAY INSTITUTE,
PROFESSOR OF OCEANOGRAPHY,
THE JOHNS HOPKINS UNIVERSITY,

BALTIMORE, MARYLAND

DR. PRITCHARD: Members of the conference and
audience, my name is Donald W. Pritchard, I am the Director
of the Chesapeake Bay Institute and also Professor of Qcean~
ography, Department of Earth and Planetary Science, The
Johns Hopkins University. 1 appeared before the conference
in 1970.

Departing briefly from my prepared statement, I
presume that my curriculum vitae that appeared in the record
at that time will be a part of the record, and so I don't
have to further qualify myself.

I would refer just briefly to two aspects of that
testimony which the Four-State Conference might again con-
sider, Both of these deal with my own long term concern
with obtaining information pertinent to management of the
environment for the benefit of man; and the second is some
rather extensive testimony dealing with the subject of the

large-scale effects of heated discharges versus the small-




v W

(@)

10
11
12
13
14
15
16
17
18
19
20

21

22

N
1S L B

N

790

D. Pritchard
scale, local effects of heated discharges. I will not
repeat any of that testimony.

Today I am going to speak about two additional
features, The first concerns mixing and exchange between
the open waters of Lake Michigan and the so~called "inshore®
ZONe,

A concept originally set out in the 1970 FWQA "whit?
paper" postulates that certain zones exist in Lake Michigan
which have insignificant exchange with the major volume of
the lake, Specifically, the FWQA "white paper®" defined two
gones: one, called the beach zone, included all waters
shoreward of the 30~foot depth contour; the second, called
the inshore zone, was defined as extending from the outer
edge of the beach zone to the 100-foot depth contour. These
are quite arbitrary divisions. No physical barrier exists
which would limit the advective transport or turbulent
mixing of waters between the offshore waters of the lake
and the inshore zone, or between the inshore zone and the
beach zone.

There are a number of processes which promote
advective exchange and turbulent mixing between these
artificial zones and the ofishore waters of the lake. One
is the motion set up by the direct stress of the wind on

the water surface. The wind stress induces a motion in the
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surface layers of the lake which, in the offshore waters of
the lake, flows in a direction slightly to the right of the
wind direction, and at a speed of about 2-1/2 percent of the
wind speed. Thus, along the western coastline of the lake,
any wind coming from the sector NNW to about ESE would have
an onshore component., Surface water from the offshore lake
would pass shoreward past the 100-foot depth contour into
and through the inshore zone, and into the so-called beach
zone. This flow cannot, of course, continue through the
shoreline and, in fact, will not, as a direct advective flow,
move all the way to the shore. Continuity is maintained
by two processes., Within a few thousand feet of the shore-
line the flow turns and runs essentially parallel to the
coast, in the direction of the longshore component of the
wind. This does not account for all of the surface water
which moves into the inshore and beach zones, since the
shoreward directed surface flow is in part compensated for
by an offshore flow of water below the surface layers from
the inshore and beach zone out into the offshore lake area.
The wind is never uniform in speed and direction along the
entire coastline, or even any major segment of the coastline
of the lake. The longshore current in the beach zone induced
by a strong wind in one sector of the lake will dissipate

the move offshore again in regions of weaker winds.
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A l5~knot wind blowing from the quadrant North to
East would produce an advective flow of offshore lake water
into the inshore zone of about 500,000 c.f.s., over a 10-
mile stretch of coastline. There would be an equivalent flow
out from the inshore zone resulting from the combination of
a subsurface countercurrent, and a return of water flowing
alongshore into the offshore lake area from regions having
lower onshore wind stress.

Similarly, along the western coastline of the lake,
a wind from the sector SSE to about WNW produces a surface
current with an offshore component, which carries water
from the beach zone into the inshore zone, and from the
inshore zone out into the offshore lake area. In this case
there is a compensating subsurface current directed from
the offshore region toward the coast.

Basically the lake, including both the so-called
beach zone and inshore zone, is a dynamic, not a static,
system as implied in the FWQA "white paper." Not only does
the wind induce relatively steady advective flows between
the offshore lake waters and these two zones for short
periods (a few hours to a few days), but the periodic
fluctuations in wind speed and direction produce large
horizontal current shears, and transient eddies which result

in large-scale turbulent exchange of water and of dissolved
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and suspended materials between the beach and inshore zones
and the offshore lake area.

Another mechanism for exchange of water between
the nearshore and offshore areas is one also related to
the wind, but in a more indirect way. During periods of
vertical stratification the wind fluctuations can induce
internal seiches which, in addition to vertical motion in
the layers of maximum vertical density gradient, often pro-
duce an influx of cold water from offshore up over the
inshore shelf region. These massive movements of water
between the offshore lake area and the nearshore shelf
region have been well documented by a number of investiga-
tors, notably Clifford Mortimer, Though such seiche-~induced
exchanges between the offshore and nearshore regions of the
lake are aperiodic events (i.e., occurring from time to time
with no set pattern), they do contribute a significant,
though at present an unquantified, addition to the other
modes of exchange.

The shoreline is the source of all of man's
chemical input to the lake, plus the major part of the
natural chemical input via rivers, streams, and surface
runoff. The basic physical laws require that there be a
gradient in concentration of such dissolved and suspended

material from the shoreline outward, Thus the fact that
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nearshore waters have higher concentrations of dissolved and
suspended material does not imply a lack of exchange of these
waters with the rest of the lake., Based on the chemical
data available, it is possible to make an estimate of the
mean exchange rate of water in the inshore zone with the
waters of the offshore lake area. This is accomplished by
comparing the total mass of a given chemical resident in the
inshore zone at any given time with the rate of introduction
of that constituent into the lake at the shoreline., Such a
computation indicates that the long-term exchange of water
between the inshore zone along the southern half of Lake
Michigan and the offshore lake area represents a flux of
about 1.5 million c.f.s. This represents about 75 times
the volume rate of water usage by all existing powerplants,
plus all those now under construction or announced as being
planned, on Lake Michigan,

A much maligned villain in the fantasy of isola-
tion of the inshore zone from the offshore waters of the
lake is the thermal bar. The misconception that the thermal
bar is a barrier which confines the water and all of the
introduced wastes to the shoreward side probably arises
from a misunderstanding of the meaning of the term "bar."

As used in the phrase "thermal bar," the “bar" simply means

an elongated region identified by some readily recognizable
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feature. In the present case, the identifying feature is
the 4° C. isotherm, the temperature of maximum density for
freshwater,. On one side of this isotherm is water which
is colder, and hence less dense, than the 4° C., water, On
the other side the water is warmer, and also less dense,
than the 4° C. water. The use of the term "bar" in the
phrase "thermal bar" has a connotation similar to the use
of this term in the phrase "oyster bar," which is used to
designate elongated oyster beds in tidal estuaries. Depart-
ing, sometimes this indicates an elongated table from which
one gets fresh oysters.

The main point to be made about the thermal bar is
that it is a strongly dynamic phenomenon. It is a region
of minimum stability and is consequently associated with
strong convective stirring. In early springtime the thermal
bar forms near shore as the increased solar radiation
increases the temperature of the nearshore waters more
rapidly than the deeper offshore waters.

Prior to this warming period, the waters of the
lake in the upper 100 feet or so have had temperatures close
to 0° C. As the nearshore waters are progressively warmed,
there develops a transition region between the shallower
waters having temperatures greater than 4° C. and the off-

shore waters having temperatures less than 4° C, This
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transition region, or thermal bar, generally moves in an
offshore direction. Even when, for short periods of time,
the bar does not show much movement, turbulent exchange does
occur across this region of minimum stability. When the
thermal bar is in motion it is obvious that the basic prin-
ciple of mass continuity requires a transport of water
through the bar from the offshore area into the nearshore
zone, thus increasing the rate of exchange between nearshore
and offshore waters.,

In late April of 1970 and again in 1971, measure-~
ments made off the Zien nuclear powerplant site showed an
average rate of movement of the thermal bar in an offshore
direction past the 100-foot depth contour of about 0,02
fop+se This corresponds to a transport of water through
the bar of about 118,000 c.f.s. for a 1l0-mile long stretch
of the coastline,

Thus there are several mechanisms which, though
aperiodic and variable in intensity, when taken together
are more than adequate to provide for the effective l.5
million c.f.s. steady-state exchange rate between the waters
of the inshore and beacn zones and the waters of the offshore
lake area as estimated from available data on chemical
inputs and concentration distributions.

The second subject I would like to discuss
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concerns the winter sinking thermal plume. As indicated in
the previous and my just—~completed discussion of the thermal
bar, freshwater has a number of physical properties which
make it a unique fluid, including the fact that the density
of water is maximum at a temperature above the freezing
point., Thus pure water (i.e., water containing no dissolved
solids), which freezes at a temperature of 32° F., (0° C.),
attains maximum density at 39,2° F. (4.0° C.). The temper-
ature of maximum density of water decreases as the concen-
tration of dissolved solids increases, However, for the
range of dissolved solid concentrations found in Lake
Michigan, the temperature of maximum density is for all
practical purposes the same for lake water as for pure
water.

Thus the density of lake water decreases as the
temperature decreases from 39.2° F. to the freezing point, and
also decreases as the temperature increases from 39.2° F. to

the boiling point. The density of water at 39.2° F. is about

freezing point. The density of water at 46.65° F. is the
same as the density at 32° F.

During wintertime when the temperature of the lake
water is less than 39.2° F., and often at or near 32° F., a

heated effluent with a temperature, say, 20° F. above the
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lake water temperature will initially be less dense than the
receiving waters and will spread into the lake as a surface
plume, However, as mixing and surface cooling cause the
temperature of the dispersing thermal plume to decrease, the
density of the plume will increase. When the temperature
of the plume has been reduced to 46.6° F. or lower (depend-
ing on the ambient lake temperature) the density of the
thermal plume will become just equal to the density of the
ambient lake water. Further decrease in temperature of the
plume due to mixing and cooling results in a plume density
greater than that of the ambient lake waters., If the heated
effluent is discharged to the lake at low discharge
velocities, so that at the point where the density of the
thermal plume exceeds the density of the ambient lake water
there is little excess horizontal momentum in the plume,
the water in the plume will sink or, more properly, bottom
out, and spread over the pottem as a thin layer of water
having temperatures somewhat warmer than the ambient lake
water, The rate of mixing of the water in this bottom
thermal plume with the colder lake water is much slower
than in the case of a surface plume, and since the warmer
plume water is separated from the surface no loss of excess
heat to the atmosphere can occur, Consequently, the area

covered by the winter sinking plume may be much greater
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than the area covered by the thermal plume during the rest
of the year when it remains in the surface layers.,

If the thermal plume has sufficient excess hori-
zontal momentum the sinking plume phenomenon described above
will not occur at the point where density of the plume first
exceeds the density of the ambient lake waters., Instead,
the plume will continue to spread horizontally, mixing
rapidly with the cooler lake waters and losing excess heat
by surface cooling, until the excess horizontal momentum
has been decreased to some critical value which permits the
higher density water of the plume to sink through the cooler
ambient lake water and to spread out over the bottom. Thus
the temperatures in the sinking plume and in the spreading
bottom plume are determined by the excess horizontal
momentum (or, simply, the excess horizontal velocity) of
the thermal plume., Other things being equal, the higher the
speed of discharge of the heated effluent, the lower the
temperature in the winter plume at which sinking occurs.

Theory is not yet adequate to provide estimates
of the value of the excess horizontal velocity at which the
sinking plume phenomenon occurs. However, on 29 February
1972 and again on 16 March 1972Bio-Test made very extensive
field surveys of the thermal plume from the Waukegan power

station., On both these occasions a strongly developed
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sinking plume was observed., Each of these surveys involved
the measurement of the vertical temperature profile at over
140 stations in Lake Michigan waters adjacent to the Waukegan
power station. To my knowledge, no other such intense
temperature surveys of the winter sinking plume phenomenon
have been carried out.

During the 29 February survey, the ambient lake
temperatures decreased slightly with distance offshore,
being 34° F. at the shoreline, 33° F. at a distance of
between 2,000 and 5,000 feet offshore, and 32° F. at a
distance of between 8,500 and 12,000 feet offshore. The
ambient temperature in the vicinity of the sinking plume was
close to 33° F. The temperature rise across the condenser
in the Waukegan powerplant was 13° F., but because of re-
circulation of some of the plant discharge back into the
intake canal, the temperature of the heated effluent was
about 50° F., or 17° F. above the ambient lake temperature.
Water at 50° F. is Less dense than water at 33° F., and
hence the thermal plume initially extended horizontally out
into the lake from the mouth of the discharge canal.
Because of the small density difference between the thermal
plume and the receiving waters, the rapidly mixing heated
effluent extended from suriace to bottom in the relatively

shallow waters off the Waukegan power station, The density
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of the water in the thermal plume became just equal to the
density of the 33° F, ambient lake water at the point where
the temperature of the thermal plume had decreased to L5.,6°
F. At plume temperatures less than 45.6° F. the density of
the thermal plume should have been greater than the density
of the ambient lake water, and conditions favorable for a
sinking plume should have existed, However, sinking of the
plume did not occur until the temperature of the plume had
been reduced to about 37° F.

On 16 March 1972 the ambient lake temperature in
the vicinity of the sinking plume was 32.5° F. As a result
of recirculation of some of the heated discharge back into
the intake canal, the temperature of the effluent was about
16.5° F. above the ambient lake temperature, In this case,
the density of the heated plume would be equal to the
density of the 32,5° F. ambient lake water at the point
where the temperature of the thermal plume had been reduced
to 46.1° F, However, sinking of the thermal plume did not
occur until the temperature of the plume had been reduced
by mixing and cooling to 39° F.

The fraction of the 1949 c.f.s. condenser cooling
water flow which was being recirculated on these two occa-
sions is not precisely known. A conservative estimate of

the volume rate of flow of the heated effluent discharged
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to the lake is 1,500 c.f.se., which would result in an excess
horizontal velocity at the point of discharge of the thermal
plume of 3.0 f.p.s. At the point in the thermal plume on
29 February where the temperature had been reduced from 50° FW
to 37° F., the excess horizontal velocity in the plume would
have been reduced to 0,71 f.p.se At the point in the thermal
plume on 16 March where the temperature had been reduced
from 49° F. to 39° F., the excess horizontal velocity in the
plume would have been reduced to 1l.18 f.p.s.

On the basis of these data it can be concluded
that in Lake Michigan sinking of the thermal plume will not
occur in that part of the plume in which the excess hori-
zontal velocity exceeds 1.2 f.pese.

At the Zion nuclear powerplant of Commonwealth
Edison Company the speed of the heated effluent at the point
of discharge to the lake will be 9.3 f.pe.s. The excess
temperature in the thermal plume where the excess horizontal
velocity will have been reduced to l.2 fepes. Will be less
than 2,6° F. (for an initial temperature rise of 20° F.).
Thus any sinking plume which might develop at Zion will have
excess temperatures less than 3° F.

I would add just two comments that are not in my
written testimony. There was an earlier question addressed

to Dr. Pipes concerning whether studies conducted in recent
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years and since the last meeting of this group had resulted
in new findings.

I would suggest that the presentation I have just
made concerning the sinking plume is new, Also there have
been some very good new work and results concerning entrain-
ment of phytoplankton and zooplankton, their survival rates;
on fish behavior with respect to avoidance behavior; and on
time~-temperature exposure relationships for species which
might be entrained in the plume and into the intake or en-
trained in the plume, Some of these results will be
reported by speakers who follow me,

That is all,

MR. MAYO: I would like to suggest to the con-
ferees that we consider holding our questions in connection
with the remainder of the Commonwealth Edison presentation
until we have gotten each of the speakers, in order to avoid
any redundant questioning.

If that is all right with the conferees, may we
proceed that way?

MR. BRYSON: Assumiﬁg the speakers stay around,

MR. MAYO: Yes.

I do have some questions of Dr. Pritchard.

DR. PRITCHARD: I am spending the night.

MR. FELDMAN: Dr. McNaught is next, Mr. Mayo.




=W

AV R . B ¢ AR O

10
11
12
13
1.
15
16
17
18
19
20
21
22
23
24
25

804

D. McNaught

, STATEMENT OF DR. DONALD C. McNAUGHT,
@ ASSOCIATE PROFESSOR OF BIOLOGICAL SCIENCES,
STATE UNIVERSITY OF NEW YORK,

ALBANY, NEW YORK

DR. McNAUGHT: Mr, Chairman, ladies and gentlemen,
I am very happy to say that we do have some new and exciting

information on condenser passage. So before I give you my

prepared statement, I would like to give you the main con-
clusions so that you can look, during my presentation of
data, for the evidence that will be used to make these con-
clusions,.

l. We have discovered that zooplankton mortali-
ties, during condenser passage, are roughly a magnitude lower
than many statements that we see in the literature today.

2 We have discovered that most of this mortality
is due to mechanical effects and not to thermal effects,

With these conclusions, then, I will proceed to
my prepared testimony.

I am Donald McNaught, Associate Professor of
Biological Sciences at the State University of New York at

Albany. Previous to the 4 years I have been in this

position, I was Assistant Professor of Zoology at Michigan

L
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State University. I hold B.S. and M.S. Degrees in Fisheries
Biology from the University of Michigan and a Ph.D. from
the University of Wisconsin in Zoology (limnology). Attached
hereto is a complete list of my professional experience,
awards, memberships in professional societies, and publica-
tions. (See pp. 806-808)

My own studies have included an investigation of
the zooplankton of Lake Michigan beginning in 1964. More
recently we have been examining zooplankton production in
Lake Ontario, with emphasis on the effect of waste heat on
such production (see publications listed in vitae).

The Commonwealth Edison Company has invited me to
present this statement and I welcome the opportunity to
express my views regarding the potential effects of con-
denser passage on zooplankton, specifically as we predict
for the Zion nuclear plant,

zooplankton constitute a portion of the ecological
basis for fish production in Lake Michigan. To seriously
reduce the production of zooplankton would be to interfere
with fish production. However, it is obvious from investi-
gations by personnel from Industrial Bio-Test that zooplank-
ton mortalities during condenser passage never approach
100 percent and are, in fact, usually closer to 10 percent,

even following return to ambient temperatures for 24 hours
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to illustrate the insignificance of delayed mortality.

Results of Waukegan Studies

Estimates of zooplankton motility, used as an
indicator of survival, were made following condenser passage,
as well as at 4~ and 24~hour intervals, so as to estimate
either recovery or later death, Effects of condenser passage
were examined at a maximum A T of 12° to 13° C. to imitate
passage at Zion, as well as a normal Waukegan DT of Le5°
to 9.5° Ce Furthermore, mechanical effects of passage were
separated from thermal effects by pumping water and sampling
at the discharge when the plant was not operative,

Zooplankters passing through any condenser and
associated pumps suffer both mechanical and thermal stress.,
For the period of the Waukegan study, 0.7 & 3.0 percent of
entrained zooplankton suffered immotility due to thermal
stress, while 6.5 ¥ 4.2 percent were rendered immotile due
to mechanical abrasion. (Figure 1) (See p. 808a)

These figures are illustrated at Figure 1 which
was inadvertently left out of my testimony and is available
on the floor at this time.

While those who have not carefully examined the
effects of condenser passage might assume increased D Trs
to be the critical factor, it is now obvious that mechanical

abrasion is the most important cause of immotility,
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accounting for the mean of 6.5 percent mentioned above.
Mechanical effects fluctuate seasonally, likely with
changes in species composition and size., The number of
immotile organisms resulting from abrasion and other factors
was less than 3.1 percent (I 4,5) from May to August when
copepod nauplii and small cladocerans were abundant.
Immotility due to mechanical effects increased to 7,2 per-
cent from September to January when larger cladocerans

(Daghnia and Diaptomus) and copepods predominated. When

the large relict copepod Limnocalanus macrurus appeared,

mortality due to mechanical abrasion jumped significantly
(P>0.05) to 11 percent. Thus one important challenge for
the future will be to construct pumps and condensers to
reduce this mortality resulting from the mechanical effects
we have observed,

Tests at Waukegan illustrate clearly that a second
effect of condenser passage, immotility from thermal stress,
does not significantly increase with the /\ T across the
condenser, If an animal is warmed but remains below its
lethal temperature, it doesn't matter if it is warmed 5.5° C.
(949° F.) or 12.5° C. (22.,5° F.) above ambient. Approxi-
mately 7.2 X 2.3 percent of the zooplankton are rendered
immobile at a A T of 5.5° C., while 7.7 * 3.5 percent are

immobilized at a A T of 12,5° C, That is, the increase in
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temperature change ( /\ T) is not harmful as long as discharg
temperatures do not surpass the upper lethal temperature.
It is not expected that Zion discharge temperatures will
exceed lethal limits; if this is the case it doesn't matter
to the zooplankton whether the /\ T experienced is 5° C. or
12° c.

Thus we have examined two basic concepts. First,
we have illustrated that mechanical effects are minor, lead—
ing to mortalities of about 6,5 percent of zooplankton pass—
ing the condensers. Secondly, thermal effects are even more
insignificant, causing immotility in 0.7 percent of animals.
Now we want to examine the seasonal aspects of condenser
mortalities of zooplanktorn.

In recent Biv-Test studies it has been demonstrated
that the upper lethal temperature limits for most Lake Michi-
gan zooplankton are higher than the maximum summer lake
temperatures of 23° to 25° C., (73° to 77° F.)e Thus it is
not surprising we found no severe thermal effects at the
Waukegan discharge at 32° C. (98.6° F.) In fact, seasonal
immotility following passage is highest in February and
March (Figure 1), and we have already attributed these

thermal effects to large size (Limnocalanus). The summer

months are not critical at Zion, for we are dealing with a

mechanical problem,

L¢:4
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Thus far we have discussed immotility as a measure
of mortality. However, all immobile organisms leaving the
discharge do not perish., We have demonstrated a total im-
mobility of 7.2 percent, based on animals observed imme-
diately after passage. But after 24 hours, less than 6
percent are immobile indicating a decrease of 1.8 percent;
i.cey 25 percent of the organisms initially immobilized
have recovered after 24 hours.,

Estimate of Zooplankton Immobility at Zion

At this point we have predicted that immotility,
and likely the mortality, of zooplankton due to condenser
passage at Zion is on the order of 7.7 percent for tempera-
ture increases expected across the Zion condensers. How
many pounds of zooplankton would be immobilized in a given
year at Zion? From a careful analysisof Bio-Test data on
zooplankton abundance at Zion, and conservatively assuming
that dry weight is 5 percent of wet weight, we have calcu-
lated that 1l.2] x lO6 lb. of zooplankton will be immobilized
at the Zion plant in a year (Table 1). Parenthetically,

I give you the necessary figures to make these calculations.

I will not read the review of the literature.

This review, which you can read, essentially says that the
literature substantiatesthe Bio-~Test findings of Waukegan

and, as I said, you can read that yourself,




QR N Oy WD

O

10

11 |

12
13

14

15

16
17
18
19
20

21

22

23

2k |

25

812

D. McNaught

At this time, then, I would like to comment on the
AEC draft Environmental Statement and the EPA reply. Cer-
tainly the most recent results from intensive Bio-Test
investigations at the Waukegan station are inconsistent
with the draft Environmental Statement of the AEC, which
suggests a 15 to 30 percent kill at Waukegan, with a 100
percent kill most likely for invertebrates, In intensive
studies at Waukegan, investigators at Bio-Test have pre-
dicted that Zion will experience a kill of 7.7 * 3.5
percent.

Likewise, these same Bio~Test investigations refute
the EPA comments to the effect that excessive losses of
fishfood organisms will occur if intake velocities are not
reduced to 1 fepese It is highly unlikely that reduced
intake velocities would, in any way, reduce these already
low levels of likely zooplankton mortality.

For the future, then, I feel it is vital that the
Commonwealth Edison Company examine the effects of condenser
passage on zooplankton once the Zion plant is operative,
Such investigations will support or refute Bio-Test esti-
mates of minimal environmental damagee.

Thank you,

(Dr. McNaught's presentation follows in its

entirety.)




THE POTENTIAL EFFECTS OF CONDENSER PASSAGE

ON THE ENTRAINED ZOOPLANKTON AT ZION STATION
By Donald C. McNaught

I am Donald McNaught, Associate Professor of Biological
Sciences at the State University of New York at Albany. Pre-
vious to the four years I have been in this position I was
Assistant Professor of Zoology at Michigan State University.

I hold B.S. and M.S. degrees in Fisheries Biology from the
University of Michigan and a Ph.D. from the University of
Wisconsin in Zoology (limnology). Attached hereto is a complete
list of my professional experience, awards, memberships in pro-
fessional societies, and publications.

My own studies have included an investigation of the zoo-
plankton of Lake Michigan, beginning in 1964. More recently
we have been examining zooplankton production in Lake Ontario,
with emphasis on the effect of waste heat on such production
(see publications listed in vitae).

The Commonwealth Edison Company has invited me to present
this statement and I welcome the opportunity to express my views
regarding the potential effects of condenser passage on zoo-

plankton, specifically as we predict for the Zion nuclear plant.



The Problem

zooplankton constitute a portion of the ecological basis for
fish production in Lake Michigan. To seriously reduce the pro-
duction of zooplankton would be to interfere with fish production.
However, it is obvious from investigations by personnel from
Industrial Bio-Test that zooplankton mortalities during condenser
passage never approach 100% and are, in fact, usually closer to
10%, even following return to ambient temperatures for 24 hours
to illustrate the insignificance of delayed mortality.

Results of Waukegan Studies

Estimates of zooplankton motility, used as an indicator of
survival, were made following condenser passage, as well as at
4 and 24 hour intervals, so as to estimate either recovery or
later death. Effects of condenser passage were examined at a
maximum A T of 12 - 13 OCc to imitate passage at Zion, as well
as a normal Waukegan Ja) T of 4.5 ~ 9.59C. Furthermore, mechanical
effects of passage were separated from thermal effects by pump-
ing water and sampling at the discharge when the plant was not
operative.

Zooplankters passing through any condenser and associated
pumps suffer both mechanical and thermal stress. For the period
of the Waukegan study, 0.7 + 3.0% of entrained zooplankton suf-
fered immotility due to thermal stress, while 6.5 + 4.2% were
rendered immotile due to mechanical abrasion (Fig. 1).

While those who have not carefully examined the effects of
condenser passage might assume increased A T's to be the critical

factor, it is now obvious that mechanical abrasion is the most
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important cause of immotility, accounting for the mean of 6.5%
mentioned above. Mechanical effects fluctuate seasonally, likely
with changes in species composition and size. The number of im-
motile organisms resulting from abrasion and other factors was
less than 3.1% (+ 4.5) from May to August when copepod nauplii

and small caldocerans were abundant. Immotility due to mechanical
effects increased to 7.2% from September to January when larger
cladocerans (Daphnia and Diaptomus) and copepods predominated.

When the large relict copepod Limnocalanus macrurus appeared,

mortality due to mechanical abrasion jumped significantly

(< 0.05) to 11%. Thus one important challenge for the future
will be to construct pumps and condensers to reduce this mortality
resulting from the mechanical effects we have obserxrved.

Tests at Waukegan illustrate clearly that a second effect of
condenser passage, immotility from thermal stress, does not
significantly increase with the A T across the condenser. If an
animal is warmed but remains below its lethal temperature, it
doesn't matter if it is warmed 5.5°C (9.9°F) or 12.5°C (22.5°F)
above ambient. Approximately 7.2 + 2.3% of the zooplankton are
rendered immobile at a A T of 5.59C, while 7.7 + 3.5% are im-
mobilized at a , T of 12.5°C. That is, the increase in temper-
ature change ( A T) is not harmful as long as discharge temper-
atures do not surpass the upper lethal temperature. It is not
expected that Zion discharge temperatures will exceed lethal
limits; if this is the case it doesn't matter to the zooplankton
whether the A T experienced is 5% or 12°.

Thus we have examined two basic concepts. First we have
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illustrated that mechanical effects are minor, leading to mortal-
ities of about 6.5% of zooplankton passing the condensers.
Secondly, thermal effects are even more insignificant, causing
immotility in 0.7% of animals. Now we want to examine the seasonal
aspects of condenser mortalities of zooplankton.

In recent Bio-Test studies it has been demonstrated that the
upper lethal temperature limits for most Lake Michigan zooplankton
are higher than the maximum summer lake temperatures of 23 -~ 25°C
(73 - 77°F). Thus it is not surprising we found no severe thermal
effects at the Waukegan discharge at 32°c (98.60F). In fact,
seasonal immotility following passage is highest in February and
March (Fig. 1), and we have already attributed these thermal

effects to large size (Limnocalanus). The summer months are not

critical at Zion, for we are dealing with a mechanical problem.

Thus far we have discussed immotility as a measure of mortality.
However, all immobile organisms leaving the discharge do not perish,
We have demonstrated a total immobility of 7.2%, based on animals
observed immediately after passage. But after 24 hours, less than
6% are immobile indicating a decrease of 1.8%; that is, 25% of
the organisms initially immobilized have recovered after 24 hours.

Estimate of Zooplankton Immobility at Zion

At this point we have predicted that immotility, and likely
the mortality, of zooplankton due to condenser passage at Zion
is on the order of 7.7% for temperature increases expected across
the Zion condensers. How many pounds of zooplankton would be im-
mobilized in a given year at Zion? From a careful analysis of

Bio~-Test data on zooplankton abundance at Zion, and conservatively



o

assuming that dry-weight is 5% of wet-weight, we have calculated
that 1.21 x 106 1b. of zooplankton will be immobilized at the

Zion plant in a year (Table 1).

Table 1. Calculation of loss of zooplankton in condenser waters
from Zion plant.

1.) Mean yearly biomass of zooplankton, grams per meter3 3
dry-weight .116 gm/m

2.) Mean yearly %iomass of zooplankton, pounds per

gallons X 10 6

1.0 1b/gal X 10

3.) 2ion Capacity: 1.5 X lO6 gal/minute or

7.88 x 101l gal/year

4.,) Dry-weight zooplankton per year 7.88 X 105 1b.
5.) Wet-weight zooplankton per year (dry-weight 7
X 20) 1.57 X 10 1b.
6.) Wet-weight zooplankton immobilized (7.7% of total) 6
per year at Zion 1.21 X 10~ 1b.

Review of Literature Concerned with Effects of Condenser Passage

A review of the literature reveals relatively few controlled
studies of zooplankton mortality in condenser waters. It appears
that students of thermal effects have not determined precise
mortality curves (TLSO) for zooplankton. However, it is important
that results reported in the literature tend to support the results
of Bio-Test investigations.

Casual observations of the conditions of zooplankters follow-
ing condenser passage suggest strongly that an increase in temper-
ature alone has little effect on survival. Flemer et al. (1971)

found only slight mortality of 10% for one copepod (Eurytemora).

Staining techniques were used to tell live animals from dead.

Adams (1968) quoted Drver and Benson, who found no significant
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changes in numbers of zooplankters in the discharge of the
Johnsonville (Tenn.) steam plant. Protozoans are an important
component of many aquatic communities. Lorton et al. (1971)
discovered that condenser passage does not reduce the diversity
of protozoan populations.

It is not known how many observations of mortality due to
cemperature are effected by compounding factors. Mihursky (1969)
has observed at the Chalk Point fossil fuel plant that copepods
(as Acartia) are particularly susceptible to chlorine; temper-
ature increases accompanied by chlorine injections often cause
100% mortality.

In a rather careful study Heinle (1969) has observed that
the upper thermal limits for marine zooplankters are near their
natural summer thermal maxima. This observation may explain the
Bio-Test results previously discussed.

Comment on AEC Draft Environmental Statement and EPA Reply

Certainly the most recent results from intensive Bio-Test
investigations at the Waukegan station are inconsistent with the
Draft Environmental Statement of the AEC, which suggests a 15 -

30% kill at Waukegan, with a 100% kill most likely for invertebrates.
In intensive studies at Waukegan, investigators at Bio-Test have
predicted that Zion will experience a kill of 7.7 + 3.5%.

Likewise, these same Bio-Test investigations refute the EPA

comments ("Environmental Impact Statement Comments: Zion Nuclear

Power Station Units 1 and 2", dated August 1972, EPA, Washington, D.C.)
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to the effect that excessive losses of fish-food organisms will
occur if intake velocities are not reduced to 1 foot per second.
It is highly unlikely that reduced intake velocities would, in
any way, reduce these already low levels of likely zooplankton
mortality.

Future Investigations at Zion

I feel that it is vital that the Commonwealth Edison Company
examine the effects of condenser passage on zooplankton once the
Zion plant is operative. Such investigations will support or

refute Bio-Test estimates of minimal environmental damage.
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MR, FELDMAN: Dr. Raney.,

STATEMENT OF DR. EDWARD C. RANEY,
PROFESSOR OF ZOOLOGY, EMERITUS,
CORNELL UNIVERSITY,

ITHACA, NEW YORK

DR. RANEY: My name is Edward C. Raney., 1 am
Professor of Zoology, Emeritus, Cornell University, and
Director of Ichthyological Associates, Ithaca, New York,
I hold the Ph.,D. Degree in Zoology from Cornell University.
My specialty is the study of ecology, behavior and system=
atics of fishes, Details of my qualifications in the field
of ichthyology and aquatic ecology were submitted to the
Four-State Conference held in September 1970 when I made a
presentation entitled "Heated Discharges and Fishes in Lake
Michigan,"

Since I appeared before this conference in 1970,
I have continued to make and direct literature and field
studies related to heated discharges and fishes, You may
recall, in 1969 we published a bibliography of 470 pages
which included 1,870 references dealing with this subject.
Continued search in the last 3 years has produced more than

2,200 additional references which will be available shortly
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as a computer printout,

Parenthetically, I noted that earlier some of the
younger people have spoken and mentioned that there really
wasn't very much known. I think that there is a great deal
that is known, but you have tc know where to go and find it,
and we assume that these bibliographies will be used by these
people who really want to get at the truth.

Field studies of aquatic habitats, including
reservoirs, rivers and ocean with reference to present or
potential heated plumes have continued in the eastern United
States. I have either advised or have acted as director of
projects on the Connecticut, the Hudson, the Delaware and the
Susquehanna Rivers, the upper Chesapeake Bay, the Chesapeake
and Delaware Canal and the Atlantic Ocean off New dJersey.
Personnel of Ichthyological Associates have undertaken a
series of experimental studies which include determination
of swim speed and stamina of fishes, swim speed and guidance
capacity of ocean fishes off southern California, laboratory
experiments dealing with temperature preference of fishes
and their temperature avoidance or attraction, and shock
experiments, JSimilar experiments on preference, avoidance and
attraction for a number of chemicals and chemical bioassays
are continuing. The results of these studies have furnished

insight with regard to the potential problems in Lake

i
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Michigan near Zion.

During the past 2 years I have conferred with
biologists and others associated with Commonwealth Edison,
and have hadran opportunity to make suggestions and read
progress reports of studies being done off the Zion and
Waukegan plants by Industrial Bio-Tests Laboratories, Inc,
Particularly I have consulted with Peter H. Howe, Biologist,
Commonwealth Edison, Dr. Robert G. Otto, who has been doing
experiments on temperature preference of fishes found in
Lake Michigan and have seen reports by and conferred with
Michael C. Cochran of Bio~Tests who has studied fish popu-
lations in southwestern Lake Michigan.

In my presentation made before this conference in
September 1970, I discussed the history of the fish popula~
tions of Lake Michigan and generally discussed temperature
requirements of fishes, preferred temperature, lethal
temperature, winter temperature, avoidance temperature, and
made a number of predictions regarding behavior of fishes and
the effects on fish populations in reference to the Zion
plume,

In this presentation, I will attempt to bring you
up to date with regard to the studies which have been made

which will help in explaining my position in regard to what

' some environmentalists have thought would be a serious
|
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problem,

Great changes have occurred in Lake Michigan
fisheries over the past 25 years. Many of the changes
accompanied the introduction of the landlocked form of the
sea lamprey, the alewife and the smelt. The major changes
in fish populations were not assoclated particularly with
the industrial activities of man but were mainly as a
result of the interaction of fish species, At times and
with some species, commercial overfishing may have been
important. Monumental efforts appear to have brought the
populations of lamprey under control. HRecently other
species such as the coho, chinook and kokanee salmon, which
are native to the Pacific Coast, were introduced, and in
1972 the Atlantic salmon was introduced. The stocking
programs also involve the lake trout and other trouts.

I have included a short section on fish stocking
in 1972 but in view of the lateness of the hour, I think
that I will skip that because it is mostly of general
information.

I think also that I will skip reading the section
that I have prepared with regard to recent fishing in Lake
Michigan.

I just might say that fishery biologists are

attempting to bring Lake Michigan back to a state where
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it will be worthwhile as a sport fishery. It seems highly
unlikely that it ever will be important as a commercial
fishery in the future, but that remains to be seen.

We go next to a discussion of the fish fauna in
the Zion area, or in the area of the Zion plant. Studies
were made by personnel of Industrial Bio-Test Laboratories,
Ince of fishes which occur in the Waukegan-Zion area. Dur-
ing the period from April through December 1971, those
captured include the alewife (66.8 percent) by weight, lake
trout (12.4 percent), rainbow smelt (10.8 percent), and
bloater (6.1 percent). Fishes taken occasionally included
brown trout, lake whitefish, yellow perch, carp, white
sucker, chinook salmon and coho salmon. Those which were
considered scarce were slimy sculpin, lake herring, goldfish,
spottail shiner, rainbow trout, brook trout, longnose
sucker, emerald shiner, trout-perch, golden shiner, long-
nose dace, ninespine stickleback, mud minnow, and johnny
darter. Other species taken rarely in the area include
spoonhead sculpin, mottled sculpin, emerald shiner, lake
sturgeon and whitefish,

I pointed out in my 1970 presentation that a
section of Lake Michigan cannot be all things to all fishes
at all times. In other words, the distribution of species

changes daily and with season. Much of this change appears
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to be associated with the preferred temperature of the
species, but other variables are involved such as daily
migrations, either vertically or inshore-~offshore, the
presence and abundance of food organisms and the necessity
for finding suitable spawning substrate.

The inshore waters (that is up to possibly 20
feet in depth), we find, is an inhospitable environment in
the winter when water temperatures approach 32° F. and other
factors such as bottom scour with high winds are adverse,

Off the Waukegan-Zion area, Bio-Test has found
alewife in all months of the year except December, Smelt
have been found during all months. However the abundance
may vary with species from month to month and place to place
within the study area. The lake trout is usually found in
water 30 feet or deeper. 1 am talking now with reference
to the¢ Zion plant. The coho salmon appears to be in the area‘
mostly in June, Alewife, smelt and carp seem to spawn to
a moderate extent in the area., And parenthetically I have
information recently from Bio-Test that they have found some
slight evidence of spawning of yellow perch.

For Lake Michigan there is no lack of suitable
spawning substrate and nursery for these species. We are
talking now about Lake Michigan as a whole. The yellow

perch has been scarce in recent years. Ultimately it may
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be found to spawn in the Zion area, as it, in fact, did
this last year. None of the large important fishes appear
to spawn in this area., For some such as the lake trout the
type of spawning substrate which is needed is a hard sub-
strate -- either rocks or hard clay -- and this is absent
or very limited.

Fishes which are known to overwinter in the
deeper water offshore, such as alewife, bloater, smelt,
salmon and trout, undertake spring migrations into the
shallows., Actually this may be spring or early summer,

The reverse type of migration was noted for the slimy
sculpin, which, incidentally is used as food for the larger
salmonid fishes.

The heated plume from the Waukegan discharge has
attracted, at various times, young alewives and several
species of minnow, including the carp.

Water temperature in the depths offshore was more
stable than those of the inshore waters during the period
from April through December 1971, However in the deeper
water, fluctuations during a month may be as much as 5.,4°
F. The water temperature is basically the same even in the
deeper water. This is in a 90-foot depth.

Water temperatures, as measured from north to

south, in the shore zones were similar but they had
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variations up to approximately 3,6° F. I just want to
emphasize here that you don't have constant temperature,
the temperature can vary from top to bottom, from place to
place, from time to time, and certainly with upwelling, which
is a matter which Dr. Pritchard discussed briefly.

I would like to reemphasize -~ and it is very
important -- my 1970 testimony that small differences in
temperature, including those up to 5° F., have little or
no ecological significance to fishes found in temperate
regions,

The thermal plume at Zion and its relation to
fishes: The design of the cooling water system with a sub-
merged jet, as described by Dr. Pritchard in April 1970, is
such that the area inside the 5° F. isotherm is less than 6
acres, 1 get back to my contention which is supported by
numerous field observations and by laboratory experiments
that up to the 5° isotherm is not particularly significant.
But we might say that within 5° or higher, we have about 6
acres. So that, basically, when we say this area would be
denied the fishes at the Zion plant -~ now, it is denied
not only because of temperature, but because of velocity.

In other words, the jet design is such that a fish, in order
to get inside the 6° isotherm would have to swim at approxi-

mately 4 fepes. Some large salmonid fishes can do this




O xQ ~J o \n + w

10
11
12
13
14
15
16
17
18
19
20
21
Q2
23
2L
25

821

E. Rany
easily enough, but it is highly unlikely that they would swim
against this high velocity at the same time they would te
going into a higher heat. We have some evidence from experi-
mental evidence on this point,

So, then, I reemphasize, it is obvious that only
a few acres would be denied to fishes by this combinatic¢n of
high temperature and high velocity. Now there is a very
great advantage to this system of having a high jet because
kills which have been known to occur because of high temper-
ature alone are highly improbable in this situation, because
the fish would have to be swimming into very hot water at
a very high speed, and our experimental evidence is that they
know that the water is 5° or 6° and they turn around and get |
out of there. It is basically like, you know, walking or
running into a shower,

Basically, heat kills are a very rare occurrence
when you consider all powerplants in the temperate regions
of the world. In a few cases, there have been kills, as
has been pointed out here earlier today. Most of these
have had to do with long discharge canals., That is a very
important point.

The Oyster Creek kill of last winter was mentioned,
Two of my people happened to be there at the time the kill

occurred, The water temperature dropped from approximately
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70° F. to approximately 36° F., and a lot of fish were
killeds A lot of the fish continued to live in the area
and were not killed. They fed on the dead fish., We made
some estimates of the poundage of menhaden that were killed
and we estimated it might be about what an ordinary, success—
ful commercial fisherman off New Jersey might catch in a
half hour,

Another thing that I think should be put in per-
spective, which was mentioned earlier, was the kill at
Brunner Island. It is located on the Susquehanna River.

The water temperature in the canal, again, was
80°. Through a misfortune in operation, one of the pumps
continued, and in any event 36° of water was pumped into
80°, and the 80° water very quickly cooled, and the concen-
tration of fishes in this canal were killed.

However, we estimated -~ and a chap who works for
me happened to be fishing there that morning, so we have
very good data on this -=- that maybe a third of the fishes
were killeds It has been estimated that maybe 15,000 game
fish were killed. Most of these were small., The company
paid something in the order of $12,000 for this damage, and
the State got a bargain, It was a political bargain. The
fish people working for the State of Pennsylvania obviously

had to get something because there was a great hue and cry.
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However, this particular place is the only
place that you can fish along the Susquehanna in winter,

It is a great sport fishery for muskellunge and bass, and
has been for the last 20 years.

The point here is that these kind of kills that
are overemphasized, as I think they were this morning, are
basically not significant in an ecological sense, and in
most cases, these heated plumes add very significantly to
sport fishery.

Now, what about Zion? The situation for a winter
kill does not, in my opinion, exist at Zion even if fishes
are found in the heated plume during winter, Why is this?
That outside the 5° isotherm, or inside the 5° isotherm,
you will have velocities of 5 or 6 f.p.s. OQutside the 5°
isotherm you may have a concentration of fishes =~ if you
drop below, what are you going to get? You are going to get
a drop of 5°.

Now, our experimental evidence over and over

again, with 30 different species of fish -- and I could cite

you evidence that was given here earlier by Mr. Barber of
8° or more that it takes to cause a fish kill of coho
salmon -- it is highly unlikely that we would ever get a
winter kill in the plume at Zion.

Now, a few words about the movement of fishes in

|
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relation to plumes, Field observations and experimental
data indicate that a species of fish which is acclimated to
a given water temperature may move toward or away from a
higher or lower temperature, depending upon its preferred
temperature., This preferred temperature will vary with the
acclimation temperature; the acclimation temperature varies
through the year.

Now, this has been illustrated by the results of
many experiments done since my last presentation and, as
Dr. Pritchard mentioned, I think this is one of the real
significant contributions that we have been able to make to
the literature. These results are published for estuarian
fishez, Further tests are under way, at the present time,
by Bio-Test and will be available shortly.

Fishes found in Lake Michigan may be divided
roughly into three groups. The so~called cold water fishes
include the trouts, salmons, smelt, bloater, whitefish,
ninespine stickleback, and slimy sculpin. These fishes all
have preferred temperatures of something in the fifties or
maybe low sixties.

Then we have a group which we call warm water
fishes., These, in the Zion area, include fishes like the
large mouth bass, spottail shiner, central mudminnow, carp,

mottled sculpin, and white sucker. Also in the Zion area,
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we have an intermediate group which, for want of a better
term, you could call cool water fishes, These include the
alewife and the yellow perch, The smallmouth bass, which
is not very common in this area and, as a matter of fact,
I don't think it was taken by Bio-~Test but ultimately will
be, I am confident, and the burbot, which normally is a
deep water fish, might be classified as intermediate, In
other words, smallmouth is somewhat intermediate in its
preference for warmer water, and the burbot is intermediate
in its preference for cold water. So that the basic point
here is that each of these fish has its own preferred temper-
ature,

Now, all of these fishes may live in winter with
temperatures that are as low as 32° to 40° F. It is very
important to remember this, however: that all can tolerate
this range, but none of them prefer it, if other temperatures
are available, and most importantly if there is a drainage
leading to a higher temperature., In other words, there may
be a lot of heated plumes in a given lake, but unless there
are gradients leading into those heated plumes, the fish
have no way of knowing this,

Now, in Lake Michigan, during the summer, the ine
shore waters and the upper layers =-- surface layers --— are

warmer than is the deep water which is essentially 40° F.
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The distribution of the fishes in spring and fall
depend in large part on preferred temperature., They are
usually found fairly within a range of temperature close
to their preferred temperature. Now this position may be
quantified to some extent by the previous temperature
experience or its acclimation and other factors such as
water current, oxygen -- which is not an important factor
in Lake Michigan because the water is mostly saturated =—--
availability of food, and availability of spawning sub-
strate.

The behavior of fishes in Lake Michigan toward a
heated plume is predicted to be basically the same as their
reaction to the water in the lake as it changes with
season. There is nothing strange and mysterious about
this, and biologists have recognized this for 100 years.
The behavior of fishes of Lake Michigan toward a heated
plume is predicted to be basically the same as their re-
actions to the water in the lake as it changes with the
season. Because they are able to discern very small changes
in temperature, they move toward their preferred tempera-
ture. However, if the change in water temperature is too
great, they may stop or move away from the higher or lower
temperature until a degree of acclimation is reached. These

reactions have been noted over and over again, I am told,
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by myself,and it has been demonstrated by experiments recentl§
by Drse. Meldrim and Gift in our tests at Delaware Laboratory.i
For example, we worked on 30 species of fish in |
this connection but, for example, you take specimens of the
largemouth bass which is classified as a warm water fish,
and we did, and we acclimated them to 77° on July 8. They

were given a choice of higher temperatures. They avoided

a temperature of 87° F. In other words, they went up toward

a preferred temperature; when they got to 87° they backed
i offe
On July 16, at the same acclimation temperature,
l 77° F., they were given a range of higher temperatures,
| they backed off when it was 91°.
Another example: The yellow perch, which may
H be classified as a cool water fish, although it goes in its
H natural range as far south as South Carolina -- after having %
w been acclimated to 77° on July 13, it avoided 93° water. i
And on July 21, when acclimated to 77°, it avoided 92°
. wWater, |
In other words, they go up into or toward this |
heated water and when it gets too hot for them they turn
around and they get out. And this is in accord with obser-
' vations that have been made over and over again at thousands

|
of different plants in the temperate regions of the world i

L |
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involving several hundreds of species of fish.

When we get to the alewife, which I view with
mixed blessings, as 1 think some of you do, in the lake -~
obviously it is a very important sports fish and also it is
a damned nuisance.

We have done a series of experiments on the ale-
wife, and normally it is classified as a cool water fish.,
Although the sea~run alewife, of course, lives in rivers
during the first year of its life and it goes back to sea
where it lives 3 to 4 years before returning to fresh water
rivers in order to spawn,

We took alewife acclimated to 77° and tested
them., They avoided water of 86°, I think these tempera-
tures are higher than we are going to see in Lake Michigan
at most times, but these are mere illustrations of an
important point.

On October 21, those acclimated to 64° avoided
water at 76°; and on November 3, those acclimated to 63°
avoided water of 79°,

The important point here is: the avoidance
temperature or the attraction temperature can vary with the
acclimation temperature.

Now the important thing to remember is illustrated

by data from these same fishes, For instance, in August,
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we took six specimens of alewife, acclimated them to 77° for
48 hours, introduced them into an experimental apparatus
where the water temperature was 74°, and they were offered
two alternatives: 74° or 82°., Well, what do you think they
would do? They proceeded to the area and occupied the
water that was 82°., Well, after a short period, these same
six specimens were introduced into a similar experimental
tank where the water temperature was 80° but where the ale-
ternative temperature was 86°, What did they do? They
avoided 86°, 1In other words, they moved away from it.

I have another experiment listed in the paper
with similar results, I won't repeat it,

I go into the matter of final preferred tempera-
ture and give a table showing the final preferred tempera-

ture of some of the fishes which occur in Lake Michigan,

but I am not going into a further discussion of that except ;
to say a few words about the plume and the behavior of fishes‘
toward the plume, as I predict them, based upon what I have
seen, as I say, over the last 35 years in temperate
regions.

The plume will vary in temperature with the
seasons. During the summer it will be attractive to warm

water fishes provided they come into contact with a gradient

which leads to it.
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In the plume adjacent to the Waukegan discharge
during the summer, fishes classified as warm water and some
cool water species have been found.

Now, I have predicted with regard to the plume in
the Zion area that during late fall, winter, and early spring
when the warmest natural water in Lake Michigan is close
to 40° F., the so-called cold water fishes which prefer
water in the 53° to 63° F., range may be found around the
periphery of a heated plume. However, they would be found
there only if their inshore-~offshore migrations were such
that they had an opportunity to sense the gradient leading
to the plume, This should allay the fears of some who
might think that all of the salmonid fishes that are in the
Zion-Waukegan area are going to pile into that heated water
in the winter. It does not work that way in other places
that have been observed over and over again, including
stations on Lake Michigan.,

It is predicted thav the heated plumes from all
large plants on Lake Michigan will produce plume conditions
that will concentrate game fishes in areas where they may
be more readily taken by anglers. This has been the almost
universal experience around the world in temperate regions,
and I regard this as one of the pluses for a large plume,

If you want to go fishing in the fall or the spring, a very
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good bet and an easy place to find them is a heated plume, and
any place that you go in the temperate regions before the
ice comes or goes, you could see people fishing in this

areda,

Now, the matter of avoidance of plumes: Some people

like to work on lethal maximum temperatures of fishes, It
has no meaning as far as motile organisms are concerned —-
in particular fishes with relation to the Zion plant -~
because they are inappropriate to predict the effects when
a fish comes in contact with higher temperatures, because
motile organisms can and do react. In other words, they
behave. If the water is too warm for them, they avoid it;
if it is toward their preferred temperature, they will
enter it,

So a far more appropriate measure for fishes is
the upper avoidance temperature, and these experimentis are
under way now by Bio-Test with the fishes that occur in
Lake Michigan. The Ichthyological Associates have also
done enough experiments on temperate fishes that we know
and can predict what the effects would be,

Now, if we go into the literature just briefly
-- and, as I say, so far in this field, I have studied more
than 4,000 references that have had to do with this subject.

I just point out a few of the results,
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The effects of a heated reactor on -~ or of a
heated effluent was studied at Hanford on the Columbia
River. Now, the plant at Hanford has been in operation for
25 years or more. The heated plume goes to the center of
the river which, quite by accident, was a good place
to put it, because salmon and trout, when migrating, take
their clues from along shore. On the other hand, shad,
eastern fish migrate in the channel,

Over that 25~year period, there were no thermal
kills of any significance observed according to the review
by Nakatani (1969). Charles Coutant, whose name was taken
in vain, I am sure, by someone this afternoon, also worked
out there for several years. He drifted young chinook salmon
which is a species that we have here, through the heated
effluent at Hanford, where as I recall the /\ T is something
in the order of 20° to 25°. And the heated effluent produced
no direct or latent mortalities. However, the upper temper-
ature was only 77°, which does not exceed the lethal limit

for chinook salmon,

In England, Alabaster made studies of fish mortalities

for 20 years. In 1969, he reported that, based upon field
and laboratory experiments, kills are extremely rare and
insignificant in the population sense., Now, I will get back

to this later in connection with some of the -- I was going

!




N

O 6 N o0 v W

10
11
12
13
14
15
16
17
18
19
20
21
R2
23
2L
25

833

E. Raney
to say propaganda that we have had today about trout fishing.

Now, another very good example that I had the
pleasure of being associated with, as far as the study is
concerned, is the Connecticut River., The Connecticut Yankee
plant, which was referred to this afternoon, has been in
operation for about 5 years. Studies have been made in
depth in those 5 years and for the 2 years preceding the
operation of the plant, and there is a very extensive heated
plume there.

We have been able to find no evidence -~ and we
have a lot of evidence -~ no evidence of any harmful effect,
either on resident or anadromous species,

Now, in summary, much of the sport fishery for
large species is based on stocking. It is slow. Much of
this work is done out of Ann Arbor. Their labor sometime
will be productive and we will return ultimately to a case
where we nave a natural population of lake trout.

I have lived on Cayuga Lake for the last LO years.
Cayuga Lake is a minor edition of Lake Michigan, and we have
lake lamprey and have had them since the ice went out 12,000
years ago, and we don't have a very good lake trout fishing
and what we do have is based upon stocking. So I think
you can expect probably what is going to happen if you

want lake trout is to continue to stocks 1 hope note I
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hope we have licked the lamprey problem. In the natural

experiment over 10,000 years it was not licked in Cayuga Lake

nor was it licked in Seneca Lake, which is another small
edition of Lake Michigan.

There is little or no spawning of lake trout and
other sport fisheries in the Zion area, Now, this is based
upon several years work by Bio-Test,

There are no tributaries that serve as a spawning
area for large salmonid fishes which occur in the Zion area.
I am thinking now of migratory species such as the coho,
chinook, sockeye salmon, that is called -~ lacustrine
samples which are called kokanee, and the newly-introduced
1972 Atlantic salmon. J

You see basically what you have in Lake Michigan
now is nothing like your original fishery. You are dealing
with a bunch of fish that have been brought in and hope
springs eternally and I do, too. I hope it is successful.

Now, most organisms, including fishes, because of
the Zion plant, will be denied a very small area close to
the heated outfall, We admit this -- up to about 6 acres
are going to be denied., However, even during the worst
summer conditions, the isotherms produced by using the
jet effluent indicate that outside a very small mixing

zone of approximately 5 or 6 acres most summer temperatures
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would be below the upper lethal limit for the fishes and
associated organisms normally found in the Zion plant area
in the summer.

Another important point: The shallow shore area
located near the Zion plant will not be blocked by tempera-
ture increase, and the fishes which are normal inhabitants
of the habitat close to shore during the summer will be
unaffected, in my opinion.

Now, one of the things that people like to talk
about is the subtle effects in putting fishes under stress,
Well, most fishes most of the time are under one kind of
stress or another and, as one of the speakers this after-
noon mentioned 12 or 13 kinds of things that, if these
things happen bang, bang, bang, you will have no more
fishes, Well, you would have to have that happen over and
over and over againe In the Connecticut River, in the Hud-
son River and the Delaware River -- and I can take you
places in the Delaware River where this has happened now
150 years, where you get 100 species of fish.

So that my point is that even under very critical
conditions, near the Zion plant, I predict that the fishes
will not be put under stress, that will make them more
susceptible to the predations of gulls or other predators

that might be present, with very few exceptions,
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The area near Zion, in summary, is not a unique
spawning ground for anything; it is not an important spawn-
ing ground for any of the large salmonid fishes, and except
for a few acres, if it were, if by chance fishes chose to
spawn there, they can do so seasonally without interruption.
I predict that there will be no permanent reduction in
species diversity by reason of having these heated plumes
in the lake, including that at Zion, As a matter of fact,
you are going to increase the diversity of fishes because
you are going to increase the potential number of habitats
that you will have, And as far as down-to-earth utiliza-
tion of resources, if you believe in using these things for
the good of man, I think that things will be improved.

One of the kind of things that you must always
realize when we are dealing with fishes is that they are
subject to great variations in year-class strata. You may
get one yellow perch year~class, which might arise from
very few spawners, which would produce enough young to
practically fill the lake. These fluctuations in year-
class are a natural phenomenon. They will always be with
us. We are going to get variations from year to year.

This is one of the reasons that it makes base line studies
80 hard to do; this is the reason they need to be done

over such a long period of time.
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I am asked quite often by utility executives and
others: How long do you need to study it? As long as you
can; 10 years or more. There are a lot of young biologists
at work.

One of the concerns that has been expressed from
time to time is that the heated plume from Zion might have
an effect on the pier fishing for yellow perch in Lake
Michigan, and pier fishing in other areas. This is utter
nonsense., As compared with the year-class fluctuations,
the natural occurrence in the Delaware River, any possible
effect from the Zion plant would be miniscule,

Few eggs and larvae of fishes have been found in
the area. However, even with the utilization of this area
as it might sometime be, as a spawning ground, most of the
fishes will spawn in this area =- all of the salmonid fishes,
all of the centrarchid fishes, sunfishes and bass, lay
adhesive eggs that are emersive -- that is heavier than
water -- and it is highly unlikely that these fishes would
pass through a condenser system.

All right, What if they do? Fishes vary in their
capacity to stand this trip not only as far as the tempera-
ture is concerned but because of turbulence, abrasion, and
pressure changes., Some are more sensitive than others.

One of the speakers this afternoon, without
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knowing very much about the background of the study, indi-
cated that at the end of a long canal, the Connecticut River,
all of the alewives and blueback herring were basically
dead =~- and these were larval herring, basically a half an
inch long. This is absolutely true. But immediately after
the passage through the condenser, only about 30 to 35
percent of them were killed in various tribes, And we find
in our experiments on the Delaware that this is one of the
most sensitive of all larvae -- the clupeid larvae.

Now 1 assume that the alewife larvae will be
there, and I assume that in many cases this will probably
be a blessing. I mean I would regard this as a plus if
some of these alewife larvae were so locked; they will be
utilized in the plume as food providing fishes are there,

Now what about fishes that are a little bit
bigger? Well, we hope that the chinook salmon will spawn
in the lake by the third year, but there isn't much chance
that this will come about, but we will assume that they do.

Now chinook salmon were tested back in 1950 out
on the Pacific Coast condenser passage, and it was found
that they pass through a condenser system which is not unlike
that one at Zion, with 95 percent or more survival 10 days
after the trials were over. They actually were passed

through the condenser system., These were not simulated
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experiments.

Two final points, in summary: Sudden changes in
temperature when Zion drops load in the winter will not
because of the jet discharge cause mortalities of fishes.
This has occurred in other places like Oyster Creek, which
I mentioned,

Finally, because of the heated plume, the sport
fishery is expected to be extended in the fall and spring.

Now, many speakers today have talked about ine
takes and the proper design of intakes is a very serious
matter., I have been involved in consulting on intake
structures for some years. I have had a chance to look at
what has been designed in connection with Zion.

A net is going to be placed in such a position
around the intake that the velocity will only be Q.29
foePeS. =~ a very low velocity. This, I predict, will keep
the large fish out, It is a one-inch mesh net.

Smaller fish will no doubt pass in and go into
the forebay. Now the problem of what to do with the fish
that get in there is under study. There are various types
of screening systems that are being studied. We know that
a product can be developed which will guide these fish to
a given place where they can be lifted out using an

elevator, or they can be pumped out in a food-handling
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pump.

Commonwealth Edison will be on top of this
problem; we are studying it. They are aware of what is
going on in the rest of the country, and if there is a
problem here, I feel confident that we can solve it.

One final remark has to do with some of the data
that we heard about this afternoon, taken out of contexi:
Does a fish kill damage the population?

Now, I think that some of my colleagues in
biology would say: Well, you know, if the bass bluegills
get out of balance in my farm pond, what do I do? I go in
and drain the pond; I kill them all off, and I start all
over again.

The same thing happens in rivers. Now, a speaker
this afternoon referred to the fact that 100,000 white
perch would be killed in a day in the Hudson River on the
screens at Indian Point, and this is true, It did happen.
That situation is being improved by new structures that
are going to be -~ that are being developed and will be put
in there.

However, and in my opinion -- and I worked on
the Hudson River for more than 25 years -- I think if it
would kill 100 million white perch, that the other 100 millio*

that are in there <~ a 100 million plus or minus -~ would
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do a lot better. Why? Those that are in there now don't
do anything. 1In other words, they are stuntedj they are
runts; they are stinkin' small fish that at an age of 7 or
8 years are only 5 inches long. These are good for nothing;
they are good to nobody; they compete with the striped bass
which is a noble fish, So please remember when you are talk-
ing about fish kills, these should be avoided at all costs
because of public relations, but not necessarily because
of the good of "a" population,

I see my counselor is giving me the signal.
(Laughter) He warned me long ago, and I speak too long,

MR, FELDMAN: Mr. Mayo, the last two presentations
deal with cooling towers and their blowdown and both Mr,.
Butler and Dr. Lee are prepared to summarize their state~-
ments., I think it will not be long.

(Dr. Raney's presentation follows in its

entirety,)




REMARKS ON HEATED DISCHARGES AND FISHES IN SOUTHWESTERN LAKE MICHIGAN IN THE
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This document was prepared for presentation to a meeting of the Four State
Conference to be held in Chicago, Illinois September 19-22, 1972. This statement
is presented on invitation by the Commonwealth Edison Company, Chicago, Illinois.
The observations, opinions and conclusions presented herein are mine and do not

necessarily represent the views of Commonwealth Edison Company.

QUALIFICATIONS AND EXPERIENCE

My name is Edward C. Raney. I am Professor of Zoology, Emeritus, Cornell
University, Ithaca, New York and Director of Ichthyological Associates, Ithaca,
New York. I hold the Ph.D. degree in zoology (1938) from Cornell University.

My scientific specialty is the study of ecology, behavior and systematics of
fishes. Details of my qualifications in the field of ichthyology and aquatic
ecology were submitted to the Four State Conference held September 1970 when
1 made a presentation entitled "Heated Discharges and Fishes in Lake Michigan,"

Since 1 appeared before this conference in 1970, I have continued to make
and direct literature and field studies related to heated discharges and fishes.
In I.A, we have continued the review of literature which appeared as a published
bibliography in 1969 as '“"Heated Effluents and Effects on Aquatic Life and
Emphasis on Fishes" (Ichthyological Associates Bulletin No. 2, 1969, 470 pages,
1870 references). Continued search has produced more than 2,200 additional
references which will be available shortly as a computer print=out. Field
studies of aquatic habitats(reservoirs, rivers and ocean)with reference to present
or potential heated plumes have continued in the eastern United States. I have
either advised or have acted as director of projects on the Connecticut, Hudson,

Delaware and Susquehanna rivers, the upper Chesapeake Bay, the Chesapeake and



Delaware Canal and the Atlantic Ocean off New Jersey. Personnel of Ichthyological
4Ass ‘ciates have undertaken a series of experimental studies which include
determination of swim speed and stamina of fishes, swim speed and guidence capacity
¢l ocean fishes off southern California, laboratory experiments dealing with
recperature preference of fishes and their temperature avoidance or attractionm,

and shock e¢xperiments. Similar experiments on preference, avoidance and

¢ t iction for a number of chemicals and chemical bioassays are continuing.

e recilts of these have furnished insight with regard to the potential problems
in Lake Michigan unear Zion.

During the past two years 1 have conferred with biologists and others
associated with Commonwealth Edison, and have had an opportunity to make sug=
ges-ions and read progress reports of studies being done off the Zion and
Waukegan plants by Industrial Bio-Tests Laboratories, Inc. Particularly I
aave consulted with Peter H. Howe, Biologist , Commonwealth Edison, Dr. Robert
G. Otto who has been doing experiments on temperature preference of fishes
found in Lake Michigan and have seen reports by and conferred with Michael C.
Cechran of Bio-Te: -s who has studied fish populations in southwestern Lake

Michigan.
PREVIOUS PRESENTATION

In my presentation made before this conference in September 1970, 1
discussed the history of the fish populations of Lake Michigan and generally
discussed temperature requirements of fishes, preferred temperature, lethel
temperature, winter temperature, avoidance temperature, and made a number of
predictions regarding behavior of fishes and the effects on fish populations
in reference to the Zion plume. In this presentation I will attempt to bring
you up~to-date with regard to the studies which have been made which will help
in explaining my position in regard to what some environmentalists have

thought would be a serious problem.
FISHES OF LAKE MICHIGAN

Great changes have occurred in Lake Michigan fisheries over the past
25 years. Many of the changes accompanied the introduction of the landlocked

form of the sea lamprey, the alewife and the smelt. The major changes in fish
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populations were not associated particularly with the industrial activities of
man but were mainly as a result of interaction of fish species. At times and
with some species commercial overfishing may have been important. Monumental
efforts appear to have brought the populations of lamprey under control.
Recently other species such as the coho, chinook and kokanee salmon, which are
native to the Pacific Coast, were introduced and in 1972 the Atlantic salmon

was introduced. The stocking programs also involve the lake trout and other

trouts.

FISH STOCKING IN 1972

Information supplied by the Great Lakes Fishery Commission (Commercial
Fisheries Review for May=June 1972, Nos. 5 and 6, pages 6-7), indicates
some 18.5 million hatchery-reared fish will be placed in the Great Lakes in
1972. This will be about a million fewer than the 1970 stocking. Salmon
will be released in all Great Lakes. The 9.7 million smolts or young salmon
will include 4.3 million chinook, about 4.1 million coho salmon, over 1.3 million

kokanee (which are lacustrine stocks of the sockeye salmon, Oncorhynchus nerka)

and about 39,000 Atlantic salmon. The latter came from Quebec and were released
in the Boyne and Ausable rivers in Michigan and in PikesCreek at Bayfield,
Wisconsin., Nearly 5 million lake trout (the most since 1968) were planted in
Lakes Superior and Michigan during the spring of 1972. The planting of lake trout
began in 1958 in Lake Superior and at the same time, tributary streams began to
receive lampricide treatment. Including those stocked in 1972 the 15 year total
for Lake Superior will exceed 32 million. Most of the stock is yearling lake
trout and is largely from U. S. hatcheries. Also stocked in the Great Lakes in
the spring of 1972 were 3.8 million other trout which included brown, rainbow,
steel and splake, The splake is a hybrid(lake trout=-brook)trout. The rehabil-
itation of the lake trout fishery in Lake Michigan started in 1965 and plantings
to date total more than 16 million.

Lake Michigan received nearly 10.3 million stocked fish in 1972. This
included 2.9 million lake trout supplied by the U.S. Bureau of Sport Fisheries
and Wildlife. The state of Michigan released nedrly 5.3 million game fish in
Lake Michigan. Wisconsin released about 1.8 million fish into Lake Michigan

during the same period.
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RECENT FISHING IN LAKE MICHIGAN

The following comments are modified after those attributed to Dr. Wayne H.
Tody, Chief of the Michigan Department of Natural Resources, Fisheries Division.
(See release of the Great Lakes Basin Commission entitled ''New Developments in
the Great Lakes Fisheries'"). 1In Lake Michigan in 1972 the lake trout dominated
the open water sports fishing catch during May and early June. Catches of lake
trout 7 pounds or more were reported. The coho salmon fishing was exceptionally
good in euarly spring. The peak is usually about Labor Day near the parent streams.
The chinook salmon which is a species which is notably difficult to catch during
its life in the lake, entered the southern Lake Michigan fisheries in markedly
increased numbers in 1972. Specimens weighing 15 to more than 25 pounds were
caught in the early summer and those of more than 40 pounds are expected in
the fall runs. Runs of steelhead trout (rainbow) are entering suitable Michigan
ctreams and Tody reports that rainbow and brown trout are found in many of the
inshore bays. The yellow perch is increasing in numbers. It declined after
the decrease in numbers of the alewife was observed after 1968. None of the
above generalizations may be specifically applicable to the Zion area, but
fishery biolugists hope that salmonid fishes will utilize the alewife and
other forage fishes such as the smelt. The expectation is that the sport or
recreational fisheries will continue to improve but that commercial fishing,
at least in southern Lake Michigan, will be greatly limited or non-existent
except possibly for the alewife.

FISK FAUNA IN THE ZION AREA

Studies were made by personnel of Industrial Bio-Tests Laboratories, Inc. of
fishes which occur in the Waukegan=Zion area. During the period from April
through December 1971, those captured include the alewife (66.87%) by weight,
lake trout (12.4%), smelt (10.8%), bloater (6.1%). Those taken occasionally
included brown trout, lake whitefish, yellow perch, carp, white sucker, chinook
salmon and coho salmon. Those which were considered scarce were slimy sculpin,
lake herring, goldfish, spottail shiner, rainbow trout, brook trout, longnose
sucker, emerald shiner, trout-perch, golden shiner, longnose dace, ninespine
stickleback, mud minnow and johnny darter. Other species taken in the area
at other times include spoonhead sculpin, mottled sculpin, emerald shiner,

lake sturgeon and white fish.



1 pointed out in my 1970 presentation that a section of Lake Michigan
cannot be all things to all fishes at all times. The distribution of species
changes daily and with season. Much of this change appears to be associated
with the preferred temperature of the species, but other variables are involved
such as daily migrations, either vertically or inshore-offshore, the presence
and abundance of food organisms and the necessity for finding suitable spawning
substrate.

The inshore waters (up to possibly 20 feet) is an inhospitable environment
Ain the winter when water temperatures approach 32 F and other factors such as
bottom scour with high winds are adverse.

Off the Waukegan-Zion area the alewife has been found all months except
December. Smelt have been found during all months. However the abundance
may vary with species from month to month and place to place within the study
area. The lake trout is usually found in water 30 feet or deeper. The coho
salmon appears to be in the area mostly in June. Alewife, smelt and carp seem
to spawn to a moderate extent in the area. For Lake Michigan there is no lack
of suitable spawning substrate and aursery for these species. The yellow perch
has been scarce in recent years. Ultimately it may be found to spawn in the
Zion area, but this 'remains to be demonstrated. None of the large important
fishes appear to spawn in the area. For some such as the lake trout the type
of spawning substrate (hard bottom) required is absent or very limited.

Fishes which are known to overwinter in the deeper water off shore, such
as alewife, bloater, smelt, salmon and trout, undertake spring migrations into
the shallows. The reverse was noted for the slimy sculpin.

The heated plume from the Waukegan discharge attracted young alewives and
several species of minnow, including the carp.

Water temperature in the depths offshore was more stable than those of
inshore waters during the period from April through December 1971. However
in the deeper water fluctuations during a month maybe as much as 5.4 F
(August to September at 90-foot depth in the Zion zone).

Water temperature at comparable depths at three north to south zones were
similar and differences were normally 3.6 F or.less. I reemphasize my 1970
testimony that small differences in temperature, including those up to 5 F,

have little or no ecological significance to fishes found in Temperate regions.
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THERMAL PLUME AT ZION AND FISHES

The design of the cooling water system with a submerged jet as described
by Dr. Pritchard (April 1970) is such that at the area inside the 5 F isotherm
is less than six acres. The jet is designed so that within the 6 F isotherm,
the velocity approaches 4 fps. It is obvious that only a few acres would be
denied to fishes by this combination of high temperature and high velocity.

An advantage of the jet system is that no kills are predicted to occur because
of high temperatures alone =- the so-called heat kills. Indeed such kills are
a rarity in nature with reference to cooling water at any power plants except
in situations with long discharge canals in which sudden and substantial
decreases in winter temperature occur, Such a situation does not occur at
Zicn and indeed the time of entrainment of an organism as it passes into the
condenser until it reaches the 5 degree isotherm is short (approximately four
minutes). Because of the relative high velocity of the water within the 5
degree isotherm and because few fishes are predicted to be present in this
area close to the jet, sudden shutdowns in winter will not cause mortalities
{(winter kill) of fishes. The maximum temperature decrease would be 6 F or
less. Even if it were a 10 F decrease the experimental evidence with fishes
indicates that this will not cause mortalities or undue stress. Under the

jet conditions even if stressed a fish would quickly be carried out of the

area of maximum temperature.
MOVEMENT OF FISHES IN RELATION TO PLUMES

Field observations and experimental data indicate that a species of fish
which is acclimated to a given water temperature may move toward or away from a
higher or lower temperature, depending upon its preferred temperature. This
has been illustrated by the results of many experiments done since my last
presentation.

Fishes found in Lake Michigan may be grouped with regard to temperature
preferences into three groups. The so-called cold water fishes include the

trouts, salmons, smelt, bloater, whitefish, ninespine stickleback and slimy

sculpin. The contrast are those which prefer warm water such as large mouth

bass, spottail shiner, central mudminnow, carp, mottled sculpin and white

sucker. An intermediate group which prefer cool water include the alewife

and yellow perch. The smallmouth bass and burbot may be classified with
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cool water fishes. However the smallmouth is somewhat intermediate in
preference toward warm water while the burbot is intermediate in preference
toward cold water.

All of the fishes listed above live, in some part of its range, in
water where the winter temperature may vary between 32 and 40 F. or, all
can tolerate this temperature range, but none prefer it.

In Lake Michigan during the summer, the inshore waters and the upper
layers (epilimnion and thermocline) are warmer than is the deep water
(hypolimnion) which is essentially 40 F.

The distribution of the various fishes in spring and fall depends in
large part on the preferred temperature. They usually are found fairly
within a range of temperature close to their preferred temperature. The
position within this range may be modified to some extent by the previous
temperature to which the fish had been acclimated, and other factors such as
availability of water current, oxygen, food, and suitable spawning areas.

The behavior of the fishes of Lake Michigan toward a heated plume is
predicted to be basically the same as their reactions to the water in the
lake as it changes with season. Because they are able to discern small
differences in temperature, they move toward their preferred temperature.
However, if the change in water temperature is too great they may stop or
move away from a higher or lower temperature until a degree of acclimation
is reached. These reactions have been noted in nature and have been de-
monstrated by experiments by Drs. John W. Meldrim and James J. Gift
{Ichthological Associates Bulletin 7).

For example, specimens of the largemouth bass which is classified as
a warm water fish, were acclimated to 77 F on July 8, avoided a temperature
of 87 F, while on July 16 at the same acclimation temperature they avoided
91 F.

The yellow perch which may be classified as a cool water fish, after
being acclimated to 77 F on July 13 it avoid 93 F and on July 21 when
acclimated to 77 F avoided 92 F.

Experiments with the alewife, which is classified as preferring cool
water, show that the avoidance temperature may vary with the acclimation
temperature. For example on 5 August specimens of the alewife acclimated
to 77 F avoided water of 86 F. On 21 October those acclimated to 64 F

avoided water at 76 F. On 3 November those acclimated to 63 F avoided 79 F.
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A closer look at the same experiments illustrates attraction to a higher
temperature. In August, six specimens of alewife were acclimated at 77 F for
48 hours. They were introduced into an experimental apparatus where the water
temperature was 74 F, and they were offered two alternatives, 74 F or 82 F.

They proceeded to the area and occupied water of 82 F. After a short period,
these same six specimens were introduced into a similar experimental tank
where the water temperature was 80 F, but where the alternative temperature
of 86 F was available. The latter temperature was avoided.

In another experiment in August, the results were similar. Six specimens
were acclimated at 77 F, introduced into water of 75 F, and were attracted to
water 83 F. A short time later the same fishes were placed in water of 80 F.
They avoided the alternative temperature which was 86 F. 1In the above experi=-
ments the water temperatures exceeded those generally expected in Lake Michigan.
However, it illustrates the expected reaction of a species, such as the alewife,
i1f and when it comes close to a heated plume. Anxiety with regard to an expected
large mortality of the alewife near heated plumes is unfounded and except under
unusual conditions such as crowding little mortality is expected.

Knowledge of the final preferendum temperature, which is the temperature
to which a fish will go when given an unlimited time to acclimate , enables

predictions of what will happen near a heated plume in Lake Michigan.



Table 1.-= The final Preferred Temperature in degrees F for various Species

of Fishes Found in Lake Michigan. Modified after Ferguson, 1958.

~ - LAt e e em— e o -

Species Final Prefercundum Authority

Carp 89 Pitt, Garside and Hepburn (1956)
Smallmouth Bass 82 Fry (Ms., 1950)

Yellow Perch 75 Ferguson (1958)

Muskellunge 75 Jackson and Price (Ms., 1949)
Burbot 70 Crossman, et al. (Ms., 1953)
Yellow Perch 70 McCracken and Sparkman (Ms., 1948)
Brown Trout 54-63 Tait (Ms., 1958)

Brook Trout 57-61 Graham (1948), Fisher and Elson (1950
Sockeye Salmon 58 Brett (1951)

Rainbow Trout 56 Garside and Tait (Ms., 1958)
Whitefish 55 Tompkins and Fraser (Ms.P 1950)
Lake Trout 54 McCauley and Tait (Ms., 1956)

Chinook Salmon 53 Brett (1951)
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The plume will vary in temperature with the seasons, During the summer it will
be attractive to warm water fishes provided they come into contact with a gradient
at the edge of the plume. In the plume adjacent to the Waukegan discharge during
the summer fishes classified as warm water and some cool water species have been
found.

During late fall, winter and early spring when the warmest natural water in
Lake Michigan is close to 40 F, the so-called coldwater fishes which prefer water
in the 53 - 63 F range (see Table 1) may be found around the periphery of a
heated plume. However, they would be found there only if their inshore-offshore
migrations were such that they had an opportunity to sense the gradient leading
to the plume.

In summer the alewife, yellow perch and other fishes which prefer warm
water would be found in the outer part of the plume.

It is predicted that the heated plumes from all large plants on Lake
Michigan will produce plume conditions which will concentrate game fishes in
areas where they may be more readily taken by anglers. This has been the

almost universal experience with heated plumes in temperate regions of the world.
AVOIDANCE OF PLUMES

Lethal maximum temperatures for motile organisms such as fishes are
inappropriate to predict the effects when such species encounter higher
temperatures (plumes), because such a measure ignores the behavior of the
organisms and the period of time which an organism might be in contact with
such a temperature. It is proper to use such a measure only for organisms
which cannot avoid, and which remain, in the increased temperatures. A far
more appropriate measure for fishes is the upper avoidance temperature.

Recent observations at large power stations discharging relatively large
volumes of heated water confirm the absence or rarity of thermal fish kills
or of serious biological change.

The effect of the heated reactor effluent at Hanford on the Columbia River
was observed on salmon and trout over a 25 year period. No thermal kills of any
significance were observed according to the review by Nakatani (1969). Live
box tests in the Columbia River by Coutant et al, (1968) with young chinook
salmon in a heated effluent produced no direct or latent mortalities, but the

temperature rises did not exceed the lethal limit for this salmon (77 F).
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In England, Alabaster (1969) made studies of fish mortalities, both in
the laboratory and in the field, and reported that kills under field conditions
are extremely rare and insignificant in a populational sense.

Neither have thermal kills or other harmful ecological effects been observed
on the lower Connecticut River in connection with the operations of the Connecticut
Yankee Power Plant, as reported by Merriman (1970).

Field observations on young american shad in the Connecticut River have been
confirmed by experimental work done by Moss (1970). Variations in temperature
up to 5 F elicit little or no response in young shad. Temperature changes
greater than 5 F are avoided.

Other extensive studies by Meldrim and Gift (1971) and Gift and Westman

(1971) indicate similar behavior for fishes.



12

SUMMARY

1. Much of the present sport fishery for large species is based
on stocking.

2. There is no or little spawning of lake trout and other large
sport fishes in the Zion area.

3. No tributaries which serve as a spawning area for large salmonid
fishes occur in the Zion area.

4., Most organisms including fishes will be denied a very small area
close to the heated outfall at Zion.

5. Even during the worst summer conditions the isotherms produced by

using a jet effluent indicated that outside a small mixing zone of approximately

4 = 5 acres near the effluent most summer water temperatures would be below

the upper lethal temperatures for the fishes and associated organisms normally
found near the Zion plant in the summer.

6. The shallow shore area located near the Zion plant will not be
blocked by temperature, and the fishes which are normal inhabitants of the
habitat close to shore during the warmer summer months will be unaffected.

7. Even under the most critical summer conditions it is predicted that
the fishes or other biota will not be placed under serious stress, which would
affect the size or the quality of the populations.

8. The area near Zion is not a unique or important spawning ground but,
except for a few acres, the seasonal temperature requirements for reproduction
and other aspects of the life history of the fishes which are seasonally present
in the Zion area are predicted to be satisfactory.

9. Fishes which normally live in the Zion area are adapted to the changes
in temperature which occurs in the environment at the several seasons and may

avoid, be attracted to or not react to temperatures in various parts of the plume.

10. No permanent reduction in species diversity in fishes or associated
biota is predicted either in the vicinity of the plant or in the Lake in general
due to the operation Zion.

11. Compared to natural changes including year class fluctuations, any
change in fish populations which might be attributed to the effect of heated
effluents would be miniscule and insignificant to a commercial or sport fishery.

12. The heated effluents from nuclear power plants will not affect the
"pier" fishing for yellow perch in Lake Michigan. The fishery has fluctuated

greatly over the years and is expected to continue to do so.
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13. Few eggs and larvae of fishes have been found in the area.
The fast passage through the condenser system is expected to cause little
mortality to larvae.

14. Young fishes may pass through the condenser with a relatively high rise
(20 F) but fast passage (approximately 4 minutes) with little mortality. 1In
experiments with chinook salmon, 95% or more survived for ten days after the
trials.

15. Sudden temperature changes when Zion suddenly drops load in winter
will not because of the jet discharge cause mortalities of fishes.

16. Because of the heated plume the sport fishery is expected to be

extended in fall and early spring.
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STATEMENT OF OLIVER D. BUTLER

GLEN ELLYN, ILLINOIS

MR, BUTLER: Mr. Chairman, conferees, ladies and
gentlemen. My name is Oliver D. Butler., I reside at 912
Waverly Road, Glen Ellyn, Illinois.

I appeared before this conference in September
1970 for the purpose of presenting cost estimates for
closed cooling system alternatives for Commonwealth
Edison's Zion station.

During the October 1970 and March 1971 conference
proceedings, cost estimates were also presented by Dr.
Tichenor of the Pacific Northwest Water Laboratory which
he had prepared at the request of the Federal Water Quality
Administrations

Subsequent to Dr. Tichenor's first appearance, we
contacted him to obtain the detailed cost breakdown used
in the Federal Water Quality Administration report. This
information was carefully analyzed and a comparison of the
Federal Water Quality Administration and Commonwealth
Edison figures was prepared. This cost comparison was
forwarded to the conference in April 1971 for incorporation

into the conference record., This incorporation did not
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O. Butler
occur -- at least not in our copy of the proceedings. I
have come back to put that material before you. I also
want to update those estimates,

The first comparison I want to make is shown on
Exhibit A and is a cost comparison relating to dry mechanical
draft cooling towers. (See p. 846) Our figures are about
8 times higher than the Federal Water Quality Administration
estimates., I can give you the reasons for that in detail,
but I have a strong feeling that there is now general
agreement that dry towers are out of the picture.

The prepared paper lists some of the reasons of
why our estimate is higher. In the interest of time, I will
omit reading that and go on to the other estimate.

We have also prepared a cost estimate for round

wet mechanical draft cooling towers. That is shown in
Exhibit B to my paper. (See p. 847) It shows a total cost
of $124 million. This compares with the estimate that was
submitted for the record in April 1971 of $116 million.
The difference is inflation and some relatively minor
changes each way in certain cost elements, The following
factors are relevant to the comparison of FWQA's results
and ours:

1., Our costs are based on backfitting the

existing Zion installation. Theirs were for optimum daesign




“xhibit A
Dated 9-72

COST CONTARICON 846
ALTCRNATE }MTAN3 OF COOTING
Costs (In Txcess of Once-Throurh) Dry Mechanical Draft Coolin~ Towers
Interior Dept. Rerort!s7 C.E.Co. Studics2
li111s/ Mills/
1. Capital Investment Costs Dollars S/ K4HR Dollars $/Kv KWHR
a. Punps & Recovery turbines 1,360,000 1.3%6 .03 Included in e, below
b. Dasic Tower Units 10,200,000 10.20 .20 150,000,0C0 €8.18 1.79
¢, Footings Included in b, above 3,300,000 1.50 .04
d. Controls 510,000 .51 .01 1,750,000 0.80 .02
e. Piping, Valves & Tanks 1,700,000 1.70 .03 28,200,000 13,27 .35
1) Backfitting Piping® - - - 23,230,000  10.56 .28
f. land Costs® - - - 6,400, 000 2,91 .08
g. Road & Track Work’ - - - 2,450,000 1.11 .03
h. Earthwork” - - - 31,000,000  14.09 .37
i. Yard drzinage, underground .
interference, & fence-
work - - - 790,000 .36 .01
J. ZElectrical Included in a,b,d,&e above 49,201,000 22.36 .59
k. Contingencies 3,230,000 3.23 .06 1,125,000 3.24 .08
i. Top Charpes included In X, above 33,056,050 17.30 45
Subtotal 17,000,000 17.0 33 342,502,000 155,68 4.09
II, Operating & Maintenance CostsB
a, loss of Capability 7,000,000 7.0 .14 80,043,000 40,93 1.07
b. Increased fuel costs 12,827,500 12,83 .25 22,294,000 10.13 0.27
¢, Maintenance Included in b, above 9,043,000 4,11 0.11
Sudtotal 19,827,500 19,83 «39 121,380,000 55.17 1.44
II. Total Cost (Capital Inv. &
Oper, & laint.) 36,827,500 36,83 .72 463,882,000 210.85 5,54
Fotes: 1., Estimates based on 1,000 nw ~ fossil unit
2, Estinates based on 2,200 mw - nuclear unit (Zion)
3. Earthvork includes items such as overburden racoval, dewatering, excavation for
ecirculatling water pipirg & tover footings, and conpacted fill for roads & towers

4. Land cost cstimated at

210,000/acre

5. Road & track work includes relocation of existing
ting watler piping at road croscings & alteraiion of track spur

protection of circula-

6. Backfitiing piping includes such items as rodificztion to exist:ng service water

sysicn, alilcration of existing

booster pumping stations

7. Cost dreakdown reference ~ October 16, 1870, Lettcer-Bruce Tichenor, Yacific lNortih-
weet Jakoratory to 0. . Butler, C.E.Co,

8. Costs arc listed in cquivalent investment dollars.

submerged circulating water intake piping, and new
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Exhibit B
Dated 9-72
COLT COITARISON
ALTERNATE M@ANS CF CCOLING
C-~ts (In sycess of Once-Throush) Wet Mechonical Draft Cooling Touers
Case 11
Interior Dept. Renort1 C.E.Co. Studiesz'6
. Mills/ Mills/
Dollars w /K4 ¥ HR Dollars LK LR
I. Capital Investment Costs
a. Condensers & Pumps 3,100,000 1.41 .027 Included in d. below
b. Basic Tower Units 8,100,000 3.67 .072 18,000,000 8.18 0.236
¢. Footings Included in b. above Included in b. above
d. Piping & Valves Included in &, above 11,700,000 5.32 0.153
1) Backfitting piping’ - - - 21,138,000 9.61 0.277
e. Earthwork® - - - 12,950,000 5.89 0.170
f. Road & Trackwork® - - - 365,000 0.17 0.005
g. Yard drainage, under-
ground interferences &
fencing - - - 260,000 0.12 0.003
h, Electrical Included in a.&b. above 1,950,000 0.89 0.026
i. Contingencies Included in a.&b. above 1,835,000 0.88 0.024
j. Top-charges Included in 2.&b. atove 10,222,000 4,65 0.134
Subtotal 11,200,000 5.08 .099 78,420,000 35.65 1.028
II. Operating & liaintenance Costs
a. Loss of Capability - - - 34,105,000 15.50 0.45
b. Increased fuel costs' 1,010,000  0.46  ,009 11,0 37,000 5.02 0.14
c. Maintenance Included in b. above 464 ,000 0.21 0.01
Subtotal 1,010,000 0.46 .00% 45,606,000 20.73 0.60
I1I, Total Costs (Capital Inv. &
Oper. & Maint,) 12,210,000 5.54 .108 124,026,000 56,38 1,63
Notes: 1. Based on a 1000 mw nuclear unit - 82% cap. fact. 33% eff. (2.2 scale-up) (new site)
2. Based on Zion 2200 mw nuclear 723 cap. factor 33% eff. (bacufit)
. Bacifitting piping includes cuch items as modification to exictiin.s service
water system, chuan.ing of existin,y submerged circulating water intaxe piping,
and new boocter pumping stations
4, ZEzarthwork includes such items as overburden reroval, dewatering, excavation
for circulating water pipin,; and tower footin;s, and compacted fill for rozé-~
ways and tovers
5. Road & traciivork includes relocation of cxisting roadls, protection of circula-
ting water vapaing at road croccings and railroaa spur alterations
6. C.E.Co. stuzy is based on uce of a hybrid roun! mechnnical draft tower with
250" hypervolic wviscnorpe stack for plume disper:al
7. Costy are listed in equivalent investment dollars,
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O. Butler
of a new plant.

2. We have calculated costs on the basis of using
250-feet high; round, wet, mechanmical draft cooling towers.
These towers have been considered because of the airport
height problem at Zion which 1 discussed in my 1970 testi-
mony. The tower manufacturer does not predict satisfactory
performance of a 250-foot natural draft tower at the Zion
location. We and the manufacturer feel that the new design
concept offers a better solution to fogging and height
restriction problems at the Zion location than either con-
ventional mechanical draft or natural draft towers. This
design also disfigures the site less than the tall towers
would.

The 250~foot mechanical draft towers, which would
use fans in a hyperbolic shell, are considerably more expen-
sive than conventional mechanical draft cooling towers but
not appreciably different in cost than our estimate for
natural draft towers. The soil conditions and ground load-
ing requirements of these structures increase the cost of
their installation over conventional mechanical draft towers
at the Zion location. It should be noted that although we
have compared to Federal Water Quality Administration figures
for conventional wet mechanical draft towers, our cost

estimate considerably exceeds the Federal Water Quality
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O. Butler
Administration's natural draft tower cost estimates.

3+ The Federal Water Quality Administration report
does not consider a charge for loss of capability for any
of the "wet" cooling alternatives, Compared to once~through
cooling on Lake Michigan, this charge is substantial and
should be considered. Our turbines at Zion were specifi-
cally designed to fully utilize the effect of the relatively
cool Lake Michigan water.

Lo+ Our charges for loss of capacity utilize the
average cost of Zion, which is $207 per kilowatt. It seems
clear to me that the real cost, when you lose part of a
base load plant, is in base load, rather than peaking
capacity, and that the Zion cost is the one that we should
use., Later plants have had much higher costs per kilowatt
of capacity and to replace base load nuclear capacity lost
by a cooling tower installation, starting today, it would
cost nearly twice the cost I have used.

We originally pointed out that it was necessary
to recognize the substantial extra costs of backfitting when
adding a closed cooling system to an existing plant., OQur
original estimate of $116,855,000, which is now $124,026,000,
has been confirmed by estimates and actual experience of
other utilities which are in the process of trying to back-

fit stations on Lake Michigan. I refer to pages 108 and 109
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in the "*Summary of Recent Technical Information Concerning
Thermal Discharges to Lake Michigan," which is part of the
Environmental Protection Agency presentation to you. I
read that actual cost experience is indicating that the esti-
mates I have just given you may be low, and are unlikely %o
be high,

I would also point out that Dr. Tichenor is quoted
in that report as now agreeing that backfitting will cost
three times as much as building a plant designed for towers.
He has increased his original estimate from 0.2 mill per
kilowatt hour in October 1970 to 0.6 mills per kilowatt
hour (referring to page 105 of the previously referenced
report)., His old estimate for an optimized plant designed
for cooling towers was 12 times less than my estimate. He
is now only one time less -~ i.e., just about half of our
figure. I am pleased to see that he has become more
realistic, and I am sure that if he could take up the
invitation we have repeatedly extended to EPA to come see
the Zion site, and to determine with us just how hard it is
to turn a plant entirely around in order to cool it by dif-
ferent means, he would take the last step and raise his
estimate one more multiple, We would, then, be in agree-
ment,

In the interest of time, I will confine my
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discussion of Exhibit B to point out some of the significant
differences between the FWQA estimates and the estimates
that I submit:

1. Referring to Exhibit B, the costs in dollars
in column 1 are taken from Dr. Tichenorts 1970 figures,
His figures, however, were costs for a 1,000 My nuclear
unit. The fourth column is for Zion station, a 2,200 MW
nuclear unit., Because Zion is 2,2 times the size of the
plant estimated by Dr. Tichenor, we have multiplied Dr.
Tichenor's costs by 2.2 to make the figures more easily
comparable. I do not know if he would agree that a straight
multiplication was the way to do it., One can also compare
the two estimates by looking at the last line entry at the
bottom of the page, where both dollar costs are converted
to mills per kilowatt hour, That figure has not been
multiplied by 2.2.

2. TItem I(b) is the cost of the basic tower unit.
We are less far apart here than in some other areas, and,
as I said earlier, the actual figures coming in on other
plants are roughly like our figures, not the Federal Water
Quality Administration's.

3., TItems I(ec), (d), and (e) represent backfitting
and site work not included in the Federal Water Quality

Administration estimates. They comé to somewhat more than
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twice the basic tower cost, a figure not too far removed
from Dr. Tichenor's estimate, quoted by the Argonne
Laboratory, that backfitting triples the cost.

L. Finally, Item II(a) gives our cost estimate
for loss of capacity, a factor which the Federal Water
Quality Administration omitted. This loss is $34 million
in the case of Zion. That is a factor which would largely
not occur in a plant originally designed for cooling towers.
It is both a very large dollar amount and one we feel
strongly about.

I hope that this data will help you make your
judgments based on the real costs to a real plant.

That is the end of my prepared testimony.

MR. MAYO: Thank you, Mr. Butler.

(Mr. Butler's presentation follows in its

entirety.)




September 1972

STATEMENT OF OLIVER D. BUTLER

My name is Oliver D. Butler. I reside at 912 Waverly
Road, Glen Ellyn, Illinois.

I appeared before this conference in September 1970 for
the purpose of presenting cost estimates for closed-cooling system
alternatives for Commonwealth Edison's Zion Station. 1In April
1971 cost estimates for back-fitting closed-cooling systems to
our Waukegan and State Line generating stations was submitted to
the conference for the record. During the October 1970 and
March 1971 conference proceedings, cost estimates were presented
by Dr. Tichenor of the Pacific Northwest Water Laboratory which
he had prepared at the request of the Federal Water Quality
Administration.

Subsequent to his first appearance, we contacted
Dr. Tichenor to obtain the detailed cost breakdown used in the
Federal Water Quality Administration report. This information was
carefully analyzed and a comparison of the Federal Water Quality
Administration and Commonwealth Edison figures was prepared. This
cost comparison was forwarded to the conference in April 1971 for
incorporation into the conference record. This incorporation did
not occur, at least not in our copy of the proceedings. I have
come back to put that material before you. I also want to update
those estimates.

The first comparison I want to make is shown on Exhibit A
and is a cost comparision relating to dry mechanical draft cooling

towers. Our figures are about 8 times higher than the Federal

Water Quality Administration estimates. I can give you the
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reasons for that in detail, but I have a strong feeling that

there is now general agreement that dry towers are out of the
picture. I would point out that dry towers really need a direct
contact condenser. We would have to delay operation for about

two years in order to tear out our present condensers and obtain
new ones of the direct contact type - if some manufacturer is
willing to undertake ones of this size. For the record, our cost
estimate, in equivalent investment dollars, is $463,882,000.
Exihiibit A shows the breakdown of those costs. These cost estimates
riave not been updated from the April 1971 data submission.

Let me emphasize that, except for capacity losses, our
cost estimates are still design estimates. These are not shelf
items, and it is difficult to know the cost of building a one of
a kind item until the project is completed. This is especially
true if nothing comparable in size has ever been built before.

We have also prepared a cost comparison for round wet
mechanical draft cooling towers. It is shown in Exhibit B. It
shows a total cost of $124 million dollars. This compares with
the estimate that was submitted for the record in April 1971 of
$116 million. The difference is inflation and some relatively
minor changes each way in certain cost elements. The following
factors are relevant to the comparison of FWQA's results and ours:

l. Our costs are based on back~fitting the existing

Zion installation. Theirs were for optimum
design of a new plant.

2. We have calculated costs on the basis of using

250 ft. high, round, wet, mechanical draft
cooling towers. These towers have been considered

because of the airport height problem at Zion which
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I discussed in my 1970 testimony. The tower
manufacturer does not predict satisfactory per-
formance of a 250 ft. natural draft tower at the
Zion location. We and the manufacturer feel that
the new design concept offers a better solution
to fogging and height restriction problems at the
Zion location than either conventional mechanical
draft or natural draft towers. This design also

disfigures the site less than the tall towers would.

The 250 ft. mechanical draft towers, which would
use fans in a hyperbolic shell, are cunsiderably
more expensive than conventional mechanical draft
cooling towers but not appreciably different in

cost than our estimate for natural draft towers.

The soil conditions and ground loading requirements
of these structures increase the cost of their
installation over conventional mechanical draft
towers at the Zion location. It should be noted
that although we have compared to Federal Water
Quality Administration figures for conventional

wet mechanical draft towers, our cost estimate
considerably exceeds the Federal Water Quality
Administration's natural draft tower cost estimates.
The Federal Water Quality Administration report

does not consider a charge for loss of capability
for any of the "wet" cooling alternatives. Compared
to once-through cooling on Lake Michigan, this
charge is substantial and should be considered.

Our turbines at Zion were specifically designed to
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fully utilize the effect of the relatively cool
Lake Michigan water.

4. Our charges for loss of capacity utilize the average
cost of Zion, which is $207 per kilowatt. It seems
clear to me that the real cost, when you lose part
of a base load plant, is in base load, rather than
peaking capacity, and that the 2Zion cost is the
one to use. Later plants have had much higher
costs per kilowatt of capacity and to replace base
load nuclear capacity lost by a cooling tower
installation, starting today, would cost nearly
twice the cost I have used.

We originally pointed out that it was necessary to re-

cognize the substantial extra costs of backfitting when adding
a closed cooling system to an existing plant. Our original es=
timate of $116,855,000 which is now $124,026,000 has been con-
firmed by estimates and actual experience of other utilities
which are in the process of trying to backfit stations on Lake
Michigan. I refer to pages 108 and 109 in the Summary of Recent
Technical Information Concerning Thermal Discharges to Lake
Michigan, which is part of the Environmental Protection Agency
presentation to you. I read that actual cost experience is
indicating that the estimates I have just given you may be low,
and are unlikely to be high.

I would also point out that Dr. Tichenor is quoted in
that report as now agreeing that back-fitting will cost three
times as much as building a plant designed for towers. He has
increased his original estimate from 0.2 mill kw/hour (October

1970) to 0.6 mills/kw hour (p. 105 of the previously referenced
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report). His old estimate for an optimized plant designed for
cooling towers was 12 times less than my estimate. He is now
only one time less -~ that is, just about half of our figure. I
am pleased to see that he has become more realistic, and I am
sure that if he could take up the invitation we have repeatedly
extended to EPA to come see the Zion site, and determine with
us just how hard it is to turn a plant entirely around in order
to cool it by different means, he would take the last step and
raise his estimate one more multiple. We would then be in
agreement.

I suspect I should take you through the cost comparison
shown on Exhibit B line by line, because it is complicated. I
am willing to take you through the detail behind each of those
entries. Perhaps it is appropriate, however, if I point out
some major differences.

(1) Referring to Exhibit B, the costs in dollars in
column 1, are taken from Dr. Tichenor's 1970 figures. Those,
however, were costs for a 1000 mw nuclear unit. The fourth column
is for Zion station, a 2200 mw nuclear unit. Because Zion is
2.2 times the size of the plant estimated by Dr. Tichenor we have
multiplied Dr. Tichenor's costs by 2.2, to make the figures more
easily comparable. I do not know if he would agree that a
straight multiplication was the way to do it. One can also
compare the two estimates by looking at the last line entry at
the bottom of the page, where both dollar costs are converted
to mills per kilowatt hour. That figure has not been multiplied

by 2.2.
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(2) Item I(b) is the cost of the basic tower unit.

We are less far apart here than in some other areas, and as I
said earlier, the actual figures coming in on other plants are
roughly like our figures, not the Federal Water Quality
Administration's.

(3) Items I(c) (d) and (e) represent back-fitting and
site work not included in the Federal Water Quality Administration
estimates. They come to somewhat more than twice the basic tower
cost, a figure not too far removed from Dr. Tichenor's estimate,
cquoted by Argonne Laboratory, that back~fitting triples the cost.

(4) Finally, Item II (a) gives our cost estimate for
loss of capacity, a factor which the Federal Water Qualitv
Administration omitted. The loss is $34 million. That is a
factor which would largely not occur in a plant originally
designed for cooling towers. It is both a very large dollar
amount, and one we feel strongly about.

I hope that this data will help you make your judgments

based on the real costs to a real plant.



Exhibit A

COST COMPARTSON Dated 9-72
ALTERNATE M=ZAMNS OF COOTING
Costs (In Trcess of Once-Throurh) Dry Mechanical Draft Coolin~ Towers
Interior Dent. Rerort1;7 C.E.Co. Studics2
flls/ Mills/

1. Capital Investment Costs Dollars /i K¥HR Dollars S$/Kw KWHR

a, Punps & Recovery turbines 1,360,000 1.36 .03 Included in e. below
b, Dasic Tower Units 10,200,000 10,20 .20 150, 000,000 68.18 1.79
¢, Footings Included in b. above i 3, 300,000 1,50 .04
d. Controls 510,000 .51 01 1,750,000 0.80 .02
e, Piping, Valves & Tanks 1,700,000 .70 .03 29,200,000 13.27 .35
. 1) Backfitting Piping® - - - 23,230,000 10.56 .28
f. Land Costs? - - - 6,400, 000 2.91 .08
g. Road & Track Work’ - - - 2,450,000  1.11 .03
h. Earthwork’ - - - 31,000,000 14,09 37

i. Yaréd drainage, underground
interfercnce, & fence-
work - - - 790,000 .36 .01
3. ZElectrical Included in a,b,d,&e above 49,201,000 22.3%6 .59
kX, Contingencies 3,230,000 3.23 06 7,125,000 3.24 .08
i. Top Charges inclulded Inm X, above 33,056,050 17.30 e
Subtotal 17,000,000 17.0 .33 342,502,000 155.68 4,09
II, Operating & Maintenance Costs®
a. Loss of Capability 7,000,000 7.0 .14 80,043,000 40,93 1.07
b. Increased fuel costs 12,827,500 12,83 .25 22,294,000 10,13 0.27
¢. Maintenance Included in b, above 9,043,000 4.11 0,11
Subtotal 19,827,500 19.83 .39 121, 380,000 55.17 1.44
III. Total Cost (Capital Inv. &

Oper. & Maint,) 36,827,500 36.83 .72 463,882,000 210.85 5.54

Yotes: 1, Estimates based on 1,000 nw - fossil unit
2, Estimates based on 2,200 mw - nuclear unit (Zion)

3. Earthwork includes items such as overburden ramoval, dewatering, excavation for
circulating water piping & tover footings, and compacted fill for roads & towers
4. Land cost estimated at $10,000/acre

$. Road & track work includes relocation of existinz rozds, protection of circula-

ting watler piping at road croscsings & alteration of track spur

6, Backfitling piping includes such items as modification to existing service water
sysicen, alieration of existing submerged circulaiing water intake piping, and new
booster pumping stations

7. Cost breakdown reference - October 16, 1970, Lettcr-Bruce Tichenor, Pacific lorih-
west Jatoratory to O, D. Butler, C.E.Co,

8. Costs are listed in cquivalent investment dollars.



ragtg (In Zxcess of Once~Throuch)

CO.T CONPARISON

ALTERNATE M<ANS OF CCOLING

Exhibit B
Dated 9-72

Wet Mechonical Draft Cooling Towers

Case II
Interior Dept. Report C.E.Co. Studiesz’6
Dollars S/ Mi%ﬁi/ Dollars $/K Mi%%i/
I. Capital Investment Costs
a. Condznsers & Pumps 3,100,000 1.41 027 Included in d. below
b, Basic Tower Units 8,100,000 3.67 .072 18,000,000 8.18 0.236
c. Footings Included in b. above Included in b, above
d. Piping & Valves Included in a. above 11,700,000 5.32 0.153
1) Backfitting piping> - - - 21,138,000 9.61 0.277
e. Zarthwork’ - - - 12,950,000 5.89  0.170
f. Road & Trackwork’ - - - 365,000 0.17 0.005
g. Yard drainage, under-
ground interferences &
fencing - - - 260,000 0.12 0.003
h, Electrical Included in a.&b. above 1,950,000 0.89 0,026
i. Contingencies Included in a.&b. above 1,835,000 0.88 0.024
j. Top-charges Included in a.&b. above 10,222,000 4,65 0.134
Subtotal 11,200,000 5.08 .099 78,420,000 35.65 1.028
II. Operating & laintenance Costs
a. Loss of Capability - - - 34,105,000 15.50 0.45
b. Increased fuel costs’ 1,010,000  0.46  .009 11,0 37,000 5.02 0.14
c. Maintenance7 Included in b, above 464 ,000 0.21 0.01
Subtotal 1,010,000 0.46 .009 45,606,000 20,73 0.60
I1I, Total Costs (Carital Inv. &
Oper. & Maint.) 12,210,000 5.54 .108 124,026,000 56.38 1,63
Notes: 1. Based on a 1000 mw nuclear unit - 82% cap. fact. 33% eff. (2.2 scale~up) (new site)

2., Based on Zion 2200 mw nuclear 725 cap., factor 33% eff.

(backfit)

3, Baci:fitting piping includes such items as modification to exictin,: service
water system, changing of existing submerged circulating water intaxe piping,
and new booster pumping stations

4, Iarthwork includes such items as overburden renoval, dewatering, excavation
for circulating water pipan,; and tower footings, and compacted fill for road-

ways and towvers

5. Road & trackworkx includes

relocation of c¢xisting roads,

ting water pvaiping at road

6. C.E.Co, stuiy ic based on

250" hypervolic discharpe

protection of circula-

crossings and railroad spur alterations

uce of a hybrid round mecchanical draft tower with

stack for plume dispercal

Costs are listed in equivalent investment dollars.
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G. Lee
MR, FELDMAN: The last statement, Mr., Mayo, is
by Dr. G, Fred Lee,

MR, MAYO: Thank you.

STATEMENT OF DR, G, FRED LEE,
PROFESSOR OF WATER CHEMISTRY,
UNIVERSITY OF WISCONSIN,

MADISON, WISCONSIN

DR. LEE: My name is G. Fred Lee. I am Professor
of Water Chemistry at the University of Wisconsin in
Madison. I am also a consultant to the Commonwealth
Edison Company.

Thus far this afternoon and this evening, we have
heard about the rather minimal effects that the Zion plant
once~-through cooling will have on water quality in the

region of Zion.

We have just heard about the cost of backfitting
cooling towers. Now I want to return to the question of
water quality and look specifically at what might be the
effects of cooling tower blowdown on water quality in the
region of Zion.

A report by the FWQA presented at the workshop

back in 1970 concluded that cooling tower blowdown
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from towers located at Zion would not cause water qualivy
problems in Lake Michigan. However, if you examine their
report you see that there is real questions to Dbe raised
about the basis for their conclusions.

First, the FWQA assume that the makeup water at
Zion would be equal to the average composition of the water
in the open lake. Well, it is well known that the water
near shore often has much higher concentration of chemicals
than the open lake water and, in fact, the composition of the
water near shore today in the Zion area exceeds the current
Illinois Pollution Control Board standards for some chemi-
cals.

The FWQA, in their 1970 report, assumed that the
criteria to judge adverse effects was the drinking water
standards of the U,S. Public Health Service of 1962.

Generally, it is well known that the aquatic life
standards for fish and aquatic life are much stricter than
drinking water standards, In other words, if a fish can
swim in it and reproduce in it, generally man can drink it,

The FWQA assumed that the only process determining
the chemical composition in the blowdown is a fivefold
evaporative concentration of this water,

Actually there are a number of other processes

that lead to chemicals in cooling tower blowdown, such
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processes as the addition of chemicals for water condition=-
ing. Also you have the fact that a cooling tower of the
wet evaporative type is a very efficient air scrubbing
device, so you will scrub certain chemicals from the atmos-
phere.

Further you have the leaching of chemicals and the
corrosion of the structure itself to consider in any cooling
tower situation.

Since I feel that the FWQA assumptions are un-
realistic with respect to the potential effects of blowdown
from a Zion cooling tower system, I have undertaken to
prepare a review of the potential effects of this blowdown
on the water quality in the region of Zion,

This review consists of two parts, both of which
have been given to the conferees. One of them is a 50-page
literature review, in which I have tried to put together
what I have found over the past year, in the area of: What
do we know about blowdown from cooling towers?

The second is a summary of the specific effects
that I predict for the Zion plant should cooling towers be
required,

Now, I will summarize a summary of the summary
this evening. The other materials, I assume, can be

entered into the record without having to read then,
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Now, the differences between my approach to this
situation of blowdown at Zion and the previous approach is
that I will actually use water quality for the region of
ZJion based on the chemical studies of Bio-Test Laboratories,
where a 1l6-month study has been completed and we do have
data aow on the chemical composition of the water in this
region, and this is water that would be the makeup water
for a cooling tower at Zion.

Further, I will judge the significance of chemi-
cals in the blowdown, based on the State of Illinois Water
Quality Standards applicable to that region.

Also, I will assume that the cooling towers at
7Zion will operate with evaporative concentration factors
of Le2h. This is the design engineers' criteria. And
that the only chemicals used for conditioning water av
7ion will be sulfuric acid or neutralization of alkalinity
and chlorine as a biocide.

The blowdown from cooling towers at Zion will be
in the order of 16 c.feS., which is a pretty fair stream of
watere.

Now, let's take a look briefly at the various
chemicals which will be at or near the critical concentra-
tions in the blowdown from Zion.

First, the ammonia content of blowdown from the
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cooling towers located at Zion would ;ikely exceed the
Illinois Pollution Control Board standard for lake water
at the point of discharge.

Boron. The boron concentration in the blowdown
will be about one-half of the Illinois Pollution Control
Board for the lake water standards,

Cadmium. Cadmium in the blowdown will meet the
I1linois Pollution Control Board lake water standard but
it is expected to be much higher than the cadmium standards
that have been recommended for other waters of the Great,
Lakes.

Chromium, Blowdown will meet the chromium stan-
dard at Zion. It should be noted, however, that ‘many
cooling towers located throughout the State of Illinois
will not meet this standard.

Chloride. The blowdown will likely exceed the
Illinois Pollution Control Board lake water standard at
the point of discharge for chloride,

Copper and Iron. Copper and iron in the blowdown

will be approximately equal to the Illinois Pollution Control
Board lake water standard.

Mercury. The mercury content of lake water from
the Zion area of Lake Michigan is already above the

I1llinois Pollution Control Board standards. Evaporative
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concentration of that water by L.24 would cause the mercury
in the blowdown to exceed the Illinois Pollution Control
Board standard by 6 times,
Oil. Oils in the blowdown due to the evaporative
concentration of the makeup water are expected to be about
equal to the Illinois Pollution Control Board standard,

Phosphorus, Evaporative concentration of the

makeup water by Le24 results in a phosphorus blowdown of
approximately 20 percent of the Illinois Pollution Control
Board lake standard without any use of phosphorus in the
cooling tower as a corrosion or scale~controlled chemical,
The blowdown from Zion would stimulate algal growth in the
region of Zion due to the phosphorus present as the result
of simple evaporation of the water,

Sulfate. The sulfate in the makeup water at
Zion, when concentrated by evaporation, will exceed the
Illinos Pollution Control Board standard by 4= to 5-~fold,
Further, since sulfuric acid will be needed to neutralize
the alkalinity to prevent scale, it is expected that the
blowdown from a cooling tower at Zion would have a
sulfate concentration 7 times the Illinois Pollution
Control Board standard.

Suspended Solids. The makeup water at Zion already

exceeds the Illinois Pollution Control Board standard for an
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effluent discharge to Lake Michigan with respect to suspended

solids,

Evaporative concentration of cooling water will
cause the blowdown to greatly exceed the effluent standard,

Zinc. The concentration of zinc in blowdown will
be expected to be less than the Illinois Pollution Control
Board standard., However, a recent EPA study has shown that
zinc in cooling tower blowdown is toxic to aquatic life at
levels considerably less than the current Illinois Pollution
Control Board standard and the expected concentration of
zinc in the blowdown from Zion.

Conclusions. The expected composition of blow-

down from a cooling tower at Zion, without any direct addi-
tion of chemicals for water conditioning will exceed the
Illinois Pollution Control Board standard for many chemi-
calse.

Contrary to the statement made by the FWQA in
1970, cooling tower blowdown at Zion will have adverse
effect on water quality in the region of Zion.

Further, it is reasonable to predict that as a
result of new water quality criteria that are being de~-
veloped today, where we are emphasizing the chronic sub~
lethal effects of chemicals on aquatic organisms, that

the current water gquality standards will be even made more
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strict in the future, will become, say, smaller in number,
due to the fact that we realize today that many of these
chemical standards are simply too high.

Another conclusion: With respect to the possi-
bility of treating this water, it is true that the tech-
nology exists today to treat the blowdown water to meet the
Tllinois Pollution Control Board standard. However, for many
of the chemicals we are talking about -- especially some-
thing like sulfate -~ we do not have inexpensive treatment
methods available, and the cost of removing something like
sulfate will be very expensive. Certainly costs of this
type have to be taken into account when you consider the
economics of installing cooling towers at Zion.

Well, from an overall point of view, I feel that
there are situations where we have to use cooling towers,
where we have large amounts of heat which must be dis-
charged to relatively small bodies of water. In the case
of Lake Michigan, however, I question whether it is in the
best interest of the public and in the wise use of resources
to install cooling towers. It certainly seems more approprig
to me to make use of some of the heat assimilative capacity
of Lake Michigan, utilizing once~through cooling for a
limited number of thermal electric generating stations.

In this way, we would avoid the potential damage associated
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with discharging large volumes of concentrated chemicals
from cooling tower blowdown into the lake.
Thank you.
MR. MAYO: Thank you, Dr. Lee,

(Dr. Lee's presentation follows in its entirety.)




The University of Wisconsin

WATER CHEMISTRY LABORATORY
MADISON, WISCONSIN 53706
262-2470

AREA CODE 608

September 27, 1972

Francis Mayo

U.S. Environmental Protection Agency
Region V

33 East Congress Parkway

Chicago, Illinois 60605

Dear Mr. Mayo:

On Thursday, September 21, I testified before the Lake
Michigan Enforcement Conference on the effects of cooling
tower blowdown on receiving water quality. Subsequent to this
testimony, I found several minor editorial changes that should
be made in the material incorporated into the record. For
example, when the tables on page 8 were typed, the "less
than" signs were omitted. These corrections, however,
do not change the conclusions in the paper.

I suggest that you incorporate the enclosed copy of the
"Estimated Potential Problems with Cooling Tower Blowdown
at Zion Thermal Electric Generating Station" into the record
rather than the material that I submitted previously.

Sincerely

G. Fred Lee
Professor of Water Chemistry

GFL/1m
Enclosure



Estimated Potential Problems with
Cooling Tower Blowdown at Zion
Thermal Electric Generating Station#

G. Fred Leel and Charles Stratton?
Water Chemistry Program
University of Wisconsin
Madison, Wisconsin

A report published by the Federal Water Quality Administration (1970) conclud-
ed that cooling tower blowdown water from a thermoelectric plant such as the Zion
plant of the Commonwealth-Edison Company, located on Lake Michigan, would not cause
water quality problems. However, careful examination of this report raises questions
about the basis for this conclusion. For example, the average composition of south-
ern Lake Michigan offshore water was used as an approximation of the composition of
the makeup water that would be used in a cooling tower at Zion. Commonwealth-Edi-
son's data (Bio-Test Industrial Laboratories, 1971) for nearshore waters off Zion
indicated somewhat different values. The concentrations of certain chemicals in the
makeup waters is close to and occasionally exceeds some of the water quality cri-
teria that have recently been adopted by states bordering on Lake Michigan.

The authors of the FWQA report also assumed that the only process leading to
increased concentrations of chemicals in the blowdown water is a five-fold evapora-
tion concentration. No corrections were attempted for such factors as chemicals
added for water conditioning, chemicals derived from air scrubbing, or chemicals
derived from corrosion or leaching from the structure of the tower.

The most serious objection to the FWQA conclusion is based on the fact that
the authors of this report have assumed that the criteria by which cooling tower

blowdown water could be judged objectionable is the 1962 Drinking Water Standards

of the U.S. Public Health Service. In most cases, water quality criteria for aqua-

1

Professor of Water Chemistry

2Graduate student in Water Chemistry

Presented in essentially the same form at the Lake Michigan Enforcement Con-
ference, September, 1972,
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tic life are much more stringent than the criteria for drinking water. It is inter-
esting that a federal agency uses aquatic life criteria when it wishes to show that
the current or proposed method of discharge i1s not acceptable, i.e., once-through
cooling. The same federal agency, however, uses drinking water criteria when they
wish to show that the alternative methods, propoéed by the agency, are satisfactory.

This paper presents the expected chemical composition of cooling tower blow-
down water from a thermoelectric plant similar to the proposed Zion installation,
and potential water quality problems that may exist, should cooling towers be re-
quired to meet the thermal effluent standards. Data gathered for Commonwealth-~Edi-
son from the waters near Zion will be used as representative of the cooling tower
makeup water. Consideration will also be given to chemicals added for treatment of
the cooling tower water, to corrosion products from the system, to leaching of
chemicals from the structure, and to scrubbing of chemicals from the air passing
through the tower. It will be further assumed that a concentration of the makeup
water constituents by a factor of 4.24 according to the cooling tower design repre-
sents the minimum expected concentration of chemicals in the blowdown water. This
assumption will be somewhat in error as a result of the loss of chemicals by drift
from the tower.

Lee and Stratton (1972) have recently completed a literature review on the
general aspects of the expected effects of cooling tower blowdown water on receiv-
ing water quality. This review should be consulted for further information on this
topic.

Although it is impossible to make a precise estimate of the blowdown water
chemical composition, it should be possible to make a much more reasonable estimate
by the above approach than that taken by the FWQA (1970).

The expected characteristics of the cooling towers that may be installed at

the Zion Station of the Commonwealth Edison Company are listed in Table 1.
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TABLE 1

Characteristics of Cooling Towers at Zion Station
of Commonwealth Edison

Amount
Percent* GPMA*
Evaporation 1.9 28,600
Blowdown 0.5 7.400
Drift 0.1 __1.470
Makeup 2.5 37,470

*percent of total flow rate
**gallons per minute
(Sargent and Lundy, 1971)

The cooling towers would be operating on a 1,470,000 gpm per unit circulating
water flow rate and a temperature of 24.2°F. for both units at Zion. An attempt
will be made to maintain 700 mg/l total dissolved solids in the recirculating water,
which results in a concentration of the makeup water by a factor of 4.24. It is ex-
pected that 1 mg/l of chlorine for a 30-minute duration three times a day will be
fed to the recirculating water. Further, it is expected that sulfuric acid will be
needed to neutralize 907 of the bicarbonate alkalinity. It is assumed for the pur-
poses of this paper that it will not be necessary to add other chemicals such as
phosphates, zinc, etc. that are normally used in cooling tower water conditioning.
Should any of these chemicals be needed at the Zion plant cooling towers, their
respective concentrations would be increased significantly over those predicted in
this paper.

The volumes presented in Table 1 are based on both nuclear units operating at
Zion. It is estimated that the drift from the Zion cooling towers would be in the
order of 1,470 gpm, which amounts to about 0.17 of the recirculating water flow.
The blowdown will be 7,400 gpm or 16 cfs from the two units.

In order to judge the potential significance of the blowdown water, the esti-
mated conceatration of those chemicals that are considered to be potential problems

will be compared to the State of Illinois Water Pollution Regulations, adopted by
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the Illinois Pollution Control Board (1972). These standards are listed in Table
2. Both effluent and lake standards have been established.

Table 3 presents the average and maximum chemical composition of the nearshore
waters in the region of the Zion thermoelectric generating station, based on a 16-
month study conducted by Bio-Test Industrial Laboratories (1971) on behalf of the
Commonwealth-Edison Company. These data are based on studies conducted on the Lake
County water supply intake in the period January, 1970, through April, 1971. During
this period, samples were obtained at approximately bi-weekly intervals.

Ammonia, The Illinecis Pollution Control Board (IPCB) has not adopted an ef-
fluent standard for ammonia. However, a lake standard of 0.02 mg/l as nitrogen has
peen adopted. The stuﬂies by Bio-Test Laboratories (1971) show that the average con-
tent of ammonia in the waters in the region of Zion is 0.04 mg/l ammonia nitrogen.
An evaporative concentration by a factor of 4.24, as proposed for the Zion plant,
iesults in 0.17 mg/1l ammonia nitrogen. However, studies have shown (Lee and Strat-
ton, 1972) that evaporative tyne caooling towers tend to promote nitrification reac-—
tions in which the ammonia present is converted to nitrate. Further, the chlorina-
tion of the recirculation water will tend to reduce the ammonia content through
oxidation by chlorine. To counter this, precipitation in the Midwest typically con-
tains 0.5-1 mg/l of ammonia nitrogen. Studies currently being conducted by the au~
thors show that cooling towers tend to scrub ammonia from the atmosphere, showing
a higher concentration in the recirculation water than in the makeup water. There-
fore, even though the exact ammonia content of the blowdown water is impossible to
estimate at this time, it is reasonable to expect that the concentration at the
point of discharge would be in excess of the IPCBE lake standard.

Boron. Bio-Test Laboratories (1971) found that the average boron content of
the waters in the region of Zion was 0.10 mg/l. The IPCB established a total boron

lake concentration of 1.0 mg/l. It is evident that the evaporative concentration of
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TABLE 2

Water Quality Standards Applicable to Blowdown Water From
A Cooling Tower at Zion Commonwealth Edison Plant

Parameter Effluent Standard Lake Standard*
Ammonia as N none¥#* 0.02
Arsenic (total) 0.25 0.01
Barium (total) 2.0 1.0
Boron (total) none 1.0
Cadmium (total) 0.15 0.01
Chromium (total hexavalent) 0.3 0.05
Chormium (total trivalent) 1.0 1.0
Chloride none 12.0
Copper (total) 1.0 0.02
Cyanide (total) 0.025 0.01
Fluoride 2.5 1.4
Iron(total) 2.0 0.3
Iron (dissolved) 0.5 0.3
Lead (total) 0.1 0.05
Manganese (total) 1.0 0.05
Mercury 0.0005 0.0005
Nickel 1.0 1.0
Nitrate plus Nitrite Nitrogen none 10.0
011 (hexane soluble) 15 0.1
Oxygen none not less than 907

saturation except
due to natural
causes

pH 5 to 10 7 to9

Phenols 0.3 0.001



AP

Parameter Effluent Standard Lake Standard
Phosphorus 1.0 0.007
Selenium (total) 1.0 0.01
Silver (total) 0.1 0.005
Sulfate none 24.0
Suspended Solids (Inorganic) 15 none
Suspended Solids (Organic) 5 none
Total Dissolved Solids 3500 180

Zinc (total) 1.0 1.0

All concentrations expressed in mg/l

*mixing zone permitted, not to exceed area of circle with 600 ft. radius
*%No effluent standard established for this parameter
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TABLE 3
Chemical Composition of the Water in the

Area of Zion Thermoelectric Generating Station for
Commonwealth~Edison Company

Parameter Average* Maximum#*
DO 11.8 8.8 (min.)
BOD 2.0 4.0
COoD 8 13
TOC 9 24
NH4-N 0.04 0.08
No§-N 0.23 0.52
No;-N 0.007 0.02
Turbidity 11 39
Total Phosphate as P 0.038 0.068
Total Dissolved Solids 174 211
Total Suspended Solids 18 . 73
Specific Conductance at 25°C

umhos/cm 282 321
Total Hardness as CaCO3 138 155
Total Alkalinity as CaCO,q 110 123
Total Coliforms/100 ml 74 267
Fecal Coliforms/100 ml 12 68
Fecal Streptococci/100 ml 3 9
Ca 36 39
Mg 12 12.4
Na 5 7
K 1.1 1.4

Cl 8.7 11.6



Parameter

SOA

-
510,

pH

Total organic Carbon
011 (hexane soluble)
Color (true)

MBAS

Phenols

Cyanide

He

As

Cd

B

Fe

Cu

Cr

Zn

Ni

Pb

Mn

*a311 concentrations in mg/1

-8-
Average*
20.7
0.15
1.1
8.1
10
2.3
3
£0.025
<0.001
< 0.005
0.00075
0.0014
£0.001
0.10
0.24
0.003
0.002
0.04
0.002
0.003

0.0062

After Bio-Test Induystrial Laboratorieg (1971)

Maximum*
24,7
0.29
2.2
8,2
20
5.3
6
<0.025
£0.,001
<0.005
0.0026
0.0031
<£0.001
0.16
0.45
0.007
0.009
0.1
0.004
0.006

0.024
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Lake Michigan water in the region of Zion would cause the boron content of the ef-
fluent blowdown to be approximately half of the lake water standard.

Cadmium. The IPCB has established a total effluent cadmium concentration of
0.15 mg/l and a lake cadmium limit of 0.01 mg/l. These limits are considerably
higher than the limits which have been proposed by the FWQA (1969) for Lake Super-
ior, where it has been found that cadmium levels in excess of 0.0005 mg/l have an
adverse effect on some aquatic organism reproduction. The Bio-Test studies have
shown that the cadmium content of the waters in the region of Zion is less than
0.001 mg/1l. If it is assumed that the concentrations of cadmium in Lake Michigan
are similar to those of Lake Superior, that is 0.0002 to 0.0004 mg/l, then the ex-
pected evaporative concentration of this water could lead to the cadmium content
in the blowdown being in excess of the recommended limit for Lake Superior. However,
it would meet the IPCB criteria for Lake Michigan.

Chromium. Bio~Test Lzboratories reported the average total chromium content
of the waters near Zion to be 0.002 mg/l. The IPCB established a total hexavalent
chromium standard for effluent of 0.3 mg/l and a total trivalent chromium standard
for the effluent of 1.0 mg/l. If the IPCB standards are compared to the data from
various Illinois state institutional cooling tower effluents (Illinois State Water
Survey, 1971, sce Lee and Stratton, 1972), it is seen that the chromium content of
these blowdown waters is often 12 to 60 mg/l. Of course, all of these plants are
using a chromate treatment for corrosion control. While it is doubtful that any
chromium would be used in the treatment of an evaporative type cooling tower at
the Zion plant, such use would necessitate the installation of facilities to re-
move chromium from the blowdown water,

Chloride. The IPCB established a 12 mg/l chloride limit for lake water. The
average content of chloride in the region of Zion is 8.7 mg/l, with a maximum value

of 11.6 mg/l. Evaporative concentration of this water by a factor of 4.24 would



- 10 -

cause the chloride content of the blowdown to exceed the established lake criteria
and would necessitate rapid dilution of this water in order to meet these criteria.
Tne chlorine used as a biocide in the cooling tower recirculating water would

tend to increase the chloride content of the blowdown water to a small but measure-
able degree; however, it could also cause other detrimental effects in the blow-
down water. Recent studies by the EPA Duluth laboratory have shown that chloramines
which would be formed upon the reaction of chlorine and ammonia are toxic to

aquatic organisms at concentrations of a few ug/l. While a large part of the

added chlorine would be consumed as chlorine demand, it is possible that some

of the chloramines would be present in the blowdown water.

Copper. The survey by Bio-Test Laboratories indicates the average copper
content of the water near Zion is in the order of 0.003 mg/l. The IPCB has
established a total copper limit in the effluent of 1.0 mg/l and a lake limit of
0.02 mg/1. A concentration of the makeup water by a factor of 4.24 would result
in the copper content in the blowdown approaching that of the lake water limit.
Many of the cooling towers examined by the Illinois State Water Survey (1971) show
copper concentrations on the order of 0.0l mg/l or greater. Since most makeup
waters generally contain copper in amounts considerably less than this value, there
is an indication that copper is accumulated within the recirculating system,
possibly derived either from corrosion of the system or from scrubbing of copper
from the atmosphere. Available data show that copper exists at levels of 27 ug/l
in precipitation across Canada (Thompson, 1971). This indicates that scrubbing
of copper from the alr may be a significant factor in cooling towers.

Iron. The IPCB established a total iron standard in the effluent of 2.0 mg/l.
Bio-Test Laboratories has found that the average total iron in this region is

0.24 mg/l. This is very near the IPCB lake standard of 0.3 mg/l. Examination of
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the data obtained from Betz Laboratories (1971; See Lee and Stratton, 1972) shows
that some of the cooling towers examined had iron concentrations in excess of

the IPCB standard. It is, therefore, possible that the iron content of the blow-
down water from a cooling tower located at Zion would approach the IPCB standard
for this element and might on occasion exceed this standard. Studies currently
in progress by the authors indicate total iron levels well in excess of 2 mg/1
from the cooling towers under study.

Mercury. An effluent and a lake standard of 0.0005 mg/l total mercury have
been set. Lake water in the Zion region is reported to contain 0.00075 mg/1
mercury and is therefore currently in excess of both the effluent and lake standards.
The blowdown would be concentrated to a level of about 0.003 mg/l mercury.

Nitrate. The lake standard for nitrate plus nitrite nitrogen is 10.0 mg N/1.
Nitrites and nitrate compounds are occasionally used as corrosion inhibitors in
cooling towers. When these compounds are used, the blowdown nitrate concentration
can be quite high (62 mg/1 for one tower studied by Fisher and Jeter as reported
by Savinelli and Beecher, 1966), hence it must be assumed that the permitted
mixing zone is sufficient to accomodate the necessary dilution of the blowdown
effluent.

011, hexane soluble. A limit of 15 mg/l in the effluent and 0.1 mg/l in the

lake has been set for hexane soluble oils. The hexane soluble material in the
region of the Zion intake has been found by Bio~Test Laboratories to be in the
order of 2 mg/l, with some values as high as 5 mg/l. Therefore, it is possible
that at times the amount of hexane soluble material in the blowdown from a cooling
tower would approach the IPCB effluent standard, based on an evaporative concen-
tration of 4.24 times the intake waters of Lake Michigan. It should be further

noted that the increasing tendency to syhstitute organic chemicals for potentially



-12~

toxic inorganic chemicals such as zinc and chromium in cooling towers for corrosion
control may significantly increase tﬁe amount of hexane soluble material present
in blowdown.

Phenols. The IPCB has established an effluent standard of 0.3 mg/l for
phenols and a lake water standard of 0.001 mg/l. Existing phenol levels in the
region of Zion are less than 0.001 mg/l. However, chlorophenols are used in many
cooling towers as biocides. Such practice leads to the presence of these compounds
in the blowdown water. Chlorophenols at ug/l concentrations are known to cause
taste and odors in drinking water and the tainting of fish flesh.

Phosphorus. A maximum phosphate concentration of effluent waters of 1.0 mg/l
and a lake concentration of 0.007 mg/l as phosphorus has been established. Bio-
Test Laboratories found that the total phosphate in the region of Zion intake is
approximately 0.04 mg P/1. An evaporative concentration by a factor of 4.24
would result in the phosphate concentration in the blowdown being approximately
20 percent of IPCB effluent standard. Available evidence indicates that the
algae growth in the region of the Zion plant is most likely limited by the phos-
phorus content of the water. Therefore, the discharge of large volumes of blow-
down water which contained phosphate in order of a few tenths of a mg/l would
tend to stimulate algal growth in the region of the discharge. Phosphates are
used in many cooling towers for control of corrosion and scale. For example,
several of the cooling towers analyzed by the Illinois State Water Survey (1971)
have a phosphate content in the blowdown water of 3-8 mg P/1. Many of the cooling
tower blowdown waters shown in data compiled by Betz Laboratories have phosphate
concentrations of 0.2-2.0 mg/l. These levels are such that the blowdown from
cooling towers of such a size as those required for the Zion plant would likely

stimulate algal growth in the region of the discharge if any form of phosphate,
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including polyphosphate, phosphonates or polyol-esters, are used in the treatment
program, even if this discharge met the IPCB limit of 1.0 mg P/1.

Sulfate. A maximum sulfate content in the receiving lake water of 24 mg/1l
has been established by the IPCB. Bio-Test Laboratories found an average sulfate
concentration of 21 mg/l with a maximum of 25 mg/l1 in the lake water near Zion.

An evaporative concentration of the makeup water by a factor of 4.24 would cause
the blowdown water to exceed the lake water standard by approximately four to
fivefold. Further, it is expected that sulfuric acid would be added to the recir-
culation water to neutralize about 90 percent of the bicarbonate alkalinity. This
would result in a 75 to 100 mg/l increase in the sulfate content of the makeup
water. There can, therefore, be little doubt that the waters in the region of the
discharge of blowdown would greatly exceed the IPCB standard for Lake Michigan
water and would have to be diluted by diffusion or treated. As I will show later,
neither technique will work here.

Suspended Solids. Bio-Test Laboratories found that the water in the region

of Zion has an average suspended solids concentration of 18 mg/l. IPCB allows an
effluent suspended solids concentration of 15 mg/l for inorganic solids. This
means that the makeup water does not presently meet the IPCB effluent standards.
An evaporative concentration coupled with atmospheric scrubbing and possible pre-
cipitation within the system will certainly cause the blowdown water to exceed
the IPCB standards for inorganic suspended solids. Treatment of the blowdown to
remove suspended solids wili, therefore, be required.

2inc. The IPCB limit for total zinc is 1.0 mg/l in the effluent. The zinc
concentration in the region of Zion averages 0.04 mg/l which would still be con-
siderably Iess than the 1.0 mg/l after evaporative concentration. Many cooling

towers, however, discharge zinc at concentrations considerably in excess of the
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IPCB standard because it is added for corrosion inhibition. Further, there may

»e a significant uptake of zinc from the atmosphere. Relatively large concentrations
are present in precipitation. Also, it should be mentioned that the IPCB standard

of 1.0 mg/l is considerably in excess of the standard which has been proposed by

the FWQA (1969) for Lake Superior. A study recently conducted at the Corvallis

EPA Laboratory concerning biological effects of cooling tower blowdown indicates

that zinc may be toxic to young trout at 0.09 mg/l (Garton, 1972). The zinc content
of influent water and its effect on the amount of zinc present in Lake Michigan

waters is currently under study by the senior author.

CONCLUSION AND OVERALL APPRAISAL

In this paper, the nature of chemicals that may be present in cooling tower
“.lowdovm water and the possible effect of these chemicals on the quality of the
receiving water have been briefly discussed. The Zion nuclear power plant has
been used as a discussion model. This evaluation has been prompted by the fact
that the use of cooling towers may be greatly increased in the near future in order
to meet proposed thermal discharge criteria.

This investigation has been conducted in light of the fact that the concepts
of the critical concentrations of chemicals in natural waters have changed signif-
icantly during the past few years. In the past, the primary focus of water quality
standards has been on the concentrations of chemicals in natural waters which would
have a deleterious effect on aquatic life, as measured by the acute toxicity of
the chemical to a particular organism.

Recently adopted IPCB standards which are used for evaluatiou of the Zion
plant reflect, to some extent, the much stricter water quality stundards necessary

for protection of aquatic life against sub-lethal effects. It 1s likely that
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within a few years the critical levels of chemicals which have been established to-
day will have to be revised downward even more in order to protect aquatic life as
more information on chronic toxicity becomes available. Such revisions will result
in the necessity of large expenditures by users of cooling towers to meet the new
criteria.

It 1s clear that many of the chemicals, present in the blowdown which would have
expected concentrations slightly less than the IPCB effluent standards would not
meet IPCB or other water quality criteria for the lake. Therefore, there will be a
region in the vicinity of the discharge of the blowdown where excessive concentra-
tions of these chemicals will occur. The FWQA (1970) proposes an approach that it
is proper to dilute toxic chemicals in order to meet a standard, but it is not proper
to dilute heat on a similar basis. This appears to be a somewhat contradictory ap-
proach in that the deleterious effects of heat are short-lived, reversible, and on-
ly affect the water in the immediate region of discharge. On the other hand, chem—
icals can have effects that extend over considerable distances. This 1s especially
true today when the concepts of the critical concentrations of chemicals are being

revised drastically downward as additional information becomes availabie.

It should be obvious from the above review that the conclusion drawn by the
FWQA (1970) that blowdown from an evaporative type cooling tower at Zion would not
cause any water quality problems is in error. It could be argued that such problems
can be readily corrected by treatment of the blowdown water., While treatment is
technically possible, some of the materials of concern, such as sulfate, are not
being removed from waste waters at any location in the U.S. today. The only feasi-~
ble methods for removal of such species are the very expensive techniques associat-
ed with saline water conversion (viz. ion exchange, reverse osmosis, evaporation).
The relatively large volume of blowdown at Zion of 16 cfs would entail enormous

cost to treat this blowdown so it would meet IPCB standards and not cause any ad-
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verse effects on water quality in the region of the discharge or in the lake itself.
Certainly, the cost of this treatment must be included in any appraisal of the po-~
tential economic aspects of using cooling towers versus once-through cooling at
large electric generating stations located on the shores of Lake Michigan.

In situations such as the Commonwealth-Edison Zion plant where the design of
the discharge works effects very rapid cooling of the water within a minimum area
and has a minimal effect on the ecology of the region, it is somewhat diffucult to
understand why anyone would propose to trade a problem of a heated discharge which
is rapidly cooled for one involving the discharge of a large volume of chemicals
which are known to have adverse effects. Cooling towers must be used in many in-
stallations where large amounts of heat are to be dissipated to relatively small
bodies of water. In the case of Lake Michigan, however, it appears to be in the
best interest of the public and a sound ecological practice to utilize the heat
assimilative capacity of Lake Michigan by allowing a limited number of thermal
electric generating stations to use this lake for once-through cooling purposes

rather than accept damage by discharging large volumas of chemicals.
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EFFECT OF COOLING TOWER BLOWDOWN WATER
ON RECEIVING WATER QUALITY - A LITERATURE REVIEW*

G. Fred Lee and Charles L. Stratton
Water Chemistry Program
University of Wisconsin

Madison, Wisconsin 53706

INTRODUCTION

In the past few years, federal and state regulatory
agencies have been adopting thermal discharge standards which
prohibit direct discharge of large volumes of cooling water
to natural waters. These regulations will force the installation
of a large number of the evaporative type cooling towers in
order to dissipate the heat directly to the atmosphere. The
nature of the evaporative type cooling tower is such that
approximately one percent evaporation is necessary to achieve
a 10°F temperature reduction. This evaporation results in
the build-up of large concentrations of salts and other

chemicals in the recirculation water.

The cooling tower heat exchange system has five basic
problems associated with the recirculation water. These are:
(1) scaling of heat transfer surfaces and recirculation piping,
which decreases system efficiency; (2) corrosion, which results
in shortening the useful life of the materials of construction;
(3) general fouling of the system and components by precipitation
and sedimentation from the water: (4) biological fouling,
which results in accelerated corrosion and interference with
heat transfer and flow: and (5) deterioration of wood structure

by chemical and biological attack. In order to attempt to

*Presented before the Lake Michigan Enforcement Conference,
Chicago, Illinois, September, 1972.



minimize these problems, the amount of evaporative concentration
that normally takes place in a cooling tower is held to a
minimum. In addition, various chemicals are added to the
recirculation water in order to reduce the magnitude of these
problems. Eventually, however, evaporative type cooling towers
must discharge a substantial volume of the recirculation

water to the environment if they are to continue to operate
effectively. This discharged water is called blowdown. This
paper considers the potential detrimental effects of cooling
tower blowdown water on the receiving waters.

The volume of blowdown is highly variable and depends
on many things including: makeup water quality, design and
construction material, location and size of the tower and heat
exchangers. The volume can be very large. For example, the
installation of evaporative type cooling towers at the
Commonwealth Edison Zion 2200 MW nuclear electric generating
plant would result in a blowdown water volume of approximately
16 cfs. It is possible that under certain conditions, the
chemicals present in cooling tower blowdown water could have a
much more significant deleterious effect on water quality in
a receiving water than the use of the water for direct once-

thorugh cooling without chemical addition.

The chemical composition of cooling tower blowdown water
is also highly variable depending on the chemical characteristics
of the makeup water, the degree of evaporative concentration,
the amount of drift (atmospheric loss of salts), the amount
of corrosion of the cooling system, types and amounts of chemicals
added to minimize water quality problems within the recir-
culating water system, amounts of materials scrubbed from the
air passing through the tower, and biological activity within

the tower and recirculation system.



Even if good data is available on the chemical composition
of the makeup water and the amounts and types of chemicals
added to the tower, it is still very difficult to predict the
concentrations of many potentially significant chemicals in
the blowdown water due to the inability to estimate the con-
tributions from corrosion: products, chemical and bio-chemical
reactions that occur within the heat exchange system, fractional
loss of chemicals in drift, air scrubbing, and leaching from
construction materials. A review of the cooling tower 1lit-
erature will show that very little information is available
on the chemical composition of cooling tower blowdown water.
Generally, where data is available it is restricted to those
chemicals such as calcium, magnesium, chloride, sulfate, bicar-
bonate, etc. which have, in general, very little effect on
water quality except at very high concentrations. Little, if
any data is available on the concentrations of some of the
more significant chemicals which are known to have adverse

effects on water quality at levels near a ug/l.

A few years ago, generally the only water quality problem
that was thought to exist with cooling tower blowdown water was
the toxicity of excessive amounts of chromate present in the
blowdown which had been added to the tower for corrosion
control purposes. In the past five to ten wyears, it has become
generally recognized that other corrosion inhibitors must be
used or the blowdown water must be treated for chromium
removal prior to discharge to the environment. Today, however,
coincident with the increased use of cooling towers, especially
the anticipated use at large electric generating stations, it
has become realized that many of the chemicals which were
once thought to be safe at mg/l levels are actually toxic
to aquatic organisms at ug/l levels. Serious questions are

therefore raised about the advisability of switching from



once-through cooling operations in those instances where
little or no harm is anticipated to the environment by the
discharge of heated natural water to evaporative type cooling
towers where large volumes of blowdown water would be dis-
charged to the environment.

A review of the cooling tower literature shows that,
in general, zinc salts have been added to supplement or replace
chromates as corrosion inhibitors in many cooling towers. The
justification for this is generally that zinc at several
mg/l is safe to discharge to the environment. However, this
"'safe concentration" is based on a short-term acute toxicity
of zinc to fish. It is now realized that zinc at a few ug/l
may have a sublethal chronic effect on fish which prevents
them from reproducing. The fish or other aquatic organisms
are not killed from the zinc. They simply do not reproduce,
or reproduce as well, and therefore, in the end, it has the
same detrimental effect as the higher levels of zinc. Today,
a complete reappraisal is being made of the significant con-
centrations of many chemicals in waste waters. Generally,
it is being found that the chronic sublethal effects of many
chemicals occur at concentrations ten to a thousand times less
than the acute lethal effects for fish and fish food organisms.
Before discussing this point in further detail, it is appropriate
to review the factors influencing the composition of blowdown
water and the expected composition of that water.

FACTORS INFLUENCING CHEMICAL COMPOSITION OF BLOWDOWN WATER
Drift (Aerial Blowdown)
Another problem of the evaporative type cooling tower

that can result in environmental degradation is drift. Drift
is the formation of small droplets of the recirculating water
that are carried from the tower and spread on the nearby
landscape. Drift represents a form of aerial blowdown. Under



severe conditionsg,these droplets or the evaporated salts

that are formed in the atmosphere can lead to serious corrosion
of metal, especially aluminum such as that used in house
trailers, aluminum siding, etc. Depending on the types of
salts present and the amounts, there can be a severe problem
with respect to effects on terrestrial plants.

The pote. tial significance of the drift problem is dem-
onstrated by several comments in the cooling tower literature.
Dalton (1962) states that the chromates in drift tend to
discolor the landscape. Waselkow (1969) relates the experience
of one electric utility company that relocated their entire
main transmission line due to problems with flashover resulting
from drift. This company then established a rule that
transmission lines would no longer be located nearer than
500 ft. to a cooling tower. Thornley (1968) comments on the
drift problem by stating, "Don't place tower near a parking
lot where drift may spot paint on automobiles or adjacent to
a taller building where drift may stain the building.” Ford
(1969) indicates concern for the total solids discharged
to the air by drift. Crutchfield (1970) has mentioned that
the Southern California Edison electric generating station
is being placed on the Colorado River. Cooling towers for
this station are designed for maximum aerial blowdown since,
"by agreement with the Department of the Interior, no
blowdown water can be returned to the Colorado River. The
remainder of the blowdown water must go into evaporating
basins," according to Crutchfield. 1In order to achieve a no
blowdown condition at this plant, extensive makeup water pre-
treatment is necessary. Christiansen and Colman (1970) discuss
how this is achieved by cold lime-soda ash softening pre-
treatment of the makeup water. They further discuss the
reduction in water consumption effected by makeup pretreatment

and consequent increased concentration ratios in the cooling tower.



The Atomic Fnevgy Commicsicin, ir thel” evaluation of
potential effects of cooling towers at the Palisades Plant of
Congumers Power Zompany (Abl, 19727, noted chali there arc
several sand dunes in the proposed area oY cooling towers
which are over 100 feet high,; wii!le The cooling tcowars
which are nropcced for this piant will be only 50 feet high.
Further. many oi the trees cn the site reach 50-80 fest. Much
of the time the plume from the cooling towers will impingeé and
soread over the neerby sand <dunes. This could have a signifi-
cant effect ou thea tecrestrial vegetaticn near the plant,

It is exnret:ted that the tvpes of vegetaiion in the zirca of
impingement of +the cecoling tcwze plure with the sand dunes

would reveri® to shrvbhs ind gresses and May oven result in

the complete loor ¢, <11 7 .z2tation duc to blowout areas.
Another potentic Locbizm wirh the cooling towerrs cited by

the AEC (1972} 1s the presence of —in: ziad otler toxic

elements in *ne drirt which would tend to accurulate on the
ground and in vegetation. The ATC feols that tire concentrations
an. total losses ¢f certz.n chemicclis such a8 sulfai~= avd zince
could have a sev_ve impact or plant and 4ninal communities in

+he areas surrowni g the ccolins towers,

The Fed=ral water Qualitv Adminictreation (FWCA, 1873)
stated tha®. 4rift ic & novrmal zrobles that can be solved by
the purchase of additionsi lard to proviie a greater degree
of separaticn of the coolirg tower and othcr activities of
man. Yhile these statements are correct with respect
to suggesting a mathed to eliminate the problems of drift,
namely, purchase additional land, clea~iy such lancd purchases
must be considereu part of the inltial capital and operating
cost cf evaporative type cooling towers due *to the. loss of

revenue fc more pvroductive land use.



From 2 water chemistiv poivre of view. ic weuld be zxpected
that the arcunt ~f dvift would be riznly dependent on the
design of the cocling tower. The chemica2l ccmpoaition of
drift shnuld relfect to soume degrz2e the ~hemicel comprsition
of the.renirculating water. However, i+ has heen shown that
the chenical composition of ocean sprey arising crem wind
over ‘he opren ocean results in a fractionaticn of the dissolved
salts pr=sent in the spray which form air-borne salt crystals
that have a dirfcrent composition than the sza water from
which thev were derived. To some excent, = similar pre-
ferential frzcticpraticn shoull ocrur in the forratior of

drift in an evapcrative tvoe C-~oliny tover.

Prefrestigert of Maxoup Tater

Cfver. cowliimg towen wakeup water is nsed with little or
no nretreatment. howzver, 7 coe Frstzlloticne, pretreatmeant
is practinec. vhig preirertist generaily consicts of
softening te rewove havdnesz. Cecadiurnaaly, siAatenments will
be made rtnat water quality in 2 oo~liae fuwsr © not a critical
factor. citing as cvidece (on ith.g wre fac¢ that s_wace
effluert has heen used in s.me cocliug iowers ror the re:
civeculartiry waters. However, a casetul review of the 11 ature
will show that the use cf domestic vaste water efiluzats in

cooling *overs 1s not without significant probliems.

Cummiprss (1S64) discuasses *this situatior with respect
to the use -7 the rmuuicipal sewage elrluent in ~ooling touers
in several irvtallaticns 1n lexes. He rncres thut extrnsive
pretrzament. of e water is awcessar/ in order to remove
phosphates, uardness and other wmateud:ls which cause scale,
corrosion and biological fouling. fPurthermore, continuous side
stream filtratior is ne2cessary in the ccolinst tover recirculating

system wo uinimize the bu11d~up of exczssive aaounts of



precipitates. He notes that prior to the time of the conversion
from the slowly degradable detergents to the readily bio-
degradable detergents that took place in the mid-1960's,

the cooling towers using sewage effluent had severe foaming

problems.

Terry (1966) reports on his experiences in the use of
sewage plant effluent as makeup water for cooling towers. He
also cites other instances where domestic waste water effluents
have been used for this purpose. It was found that in order
to avoid excessive scale problems due to phosphates and silica,
a cold lime treatment of waste water was necessary. Also, it
was necessary to add sulfuric scid to prevent calcium car-
bonate precipitation in the cooling tower system. He noted
that relatively large conccntrations of chlorine must be
added to the system at various times in crder to control
excessive accumulation of slime forming organisms in the
system. The organisms would tend to accelerate the rate of
corrosion of metals in the cooling tower system. Smith
(1964) discusses case histories of towers using municipal
and industrial wastes, and mentions the pretreatment
necessary for this type of makeup water. The Mohave Generating
Station located on the Colorado River was mentioned earlier
to have a cooling tower system designed for no blowdown.

As discussed above this is achieved by extensive pretreatment

of the makeup water.

It should be noted, however, that at most installations
the makeup water is used without any pretreatment and that
most of the water conditioning is accomplished by the addition
of chemicals directly to the recirculating water. It is likely
that side stream filtration will be used with increasing
frequency on cooling towers where there is a tendency to

build up excessive amounts of precipitates and particles



scrubbed from the eiresnlecs in the recircvlating water., Side
stream Siltration 3nsvorves toking a smzll part of tne re-
circuldting water onl pessire it through s~md or diatomaceous
earth filters designed io remove small particles from the water

and returning this filtered water to the recirculating system.

Chemical Additions

The mrimary method of water treatment for cooling tower
recirculating water is by the additior of chemicals to min-
imize scale, fouling, corrosion, bisological asrowths, and
wood deterinration. Generally, these wateprs arz treated by
the adaition of su!furic acid and chlorine as the minimum
treatment. Cther treatoments a.t2nl +*o mixtures of highly
toxie meta’lic salts, :Cwdlex prosphates, and bilocides. Tablie 1
lists wany of *he Ldenwviflca cempounds unich ave used. There

arc few general .i'eec uvr the *ynen and Ar~unts of chemicals

used in ceooilng towe2r recivevrloTion walter treaurznt, A large

number of proprictary ccnpouvnds arc i ¢l use.  The euact
composition of these compounds is mot Wnoup: varv feuw of
them, 17 any, have been tested vw. o respoct Lo the iong-term,
sublethal, chronic toxicity on fish and oiher ajuatic
organisms. Cooling tower recirculation waiter treatment is
usually <Jescribed by prcfessioral corurrilec that spacialize
in industrial waterr coeaditioning, nany o7 whichh nhave their
own propriectary compounds which arce 13ed In their treatment
specificat’ons. While it is pot powsihbie atT this time to
dizcuss in detail the manv chenmicals that cre added to cooling
tower recirculation water, it is possible +o discuss the
general nauvure of these compounds. The various types of
chemicais uvsed in cooling tover rezirculatin waters are
briefly discussad bzlow. It should ve cnprhasized, however,
that this is & highly charging field todav, in which new
chemicals are being introduced for tris purpose by firms that

specialize in cooling tower water Tresiment.
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TABLE 1

Various Identified Chemical Compounds Used
in the Treatment of Cooling Tower Water

Sulfuric acid
Chromate salts
Dichromate salts
Zinc salts
Polyphosphate
Hexametaphosphate
Pyrophosphate
Polyol-esters
Phosphonates
Silicates
Polymeric silicates
Nitrites

Amines

Amides

Pyridines
Sulfamic Acid
Polyelectrolytes

General Fouling Control

Lignins

Tannins
Lignosulfonates
Starch

Sodium silicofluoride

Biocides

Chlorine

Hypochlorite
Chlorocyanurate
Polychlorophenols
Dichloro-naphthoquinone
Mercury compounds
Acrolein

Copper sulfate

Arsenic acid
Tri-butyltin oxide

Scale and/or Corrosion Control

Organic esters
Carboxylic acids
Molybdate

Flueride

Ferrocyanide

Copper
Mercaptobenzothiazole
Palyacrylamide

Carboxy methyl cellulose
Aminomethylene phosphonic acid
Borax

Potassium hydroxide

Sodium Hydroxide

Manganese

Nickel

Trivalent chromium
Benzotriazole

Aromatic nitrogen compounds

EDTA

Citric acid
Gluconic acid
Polyacrylate
Polyethyleneimine

Thiocyanates

Bromides

Creosote

Cupric chromate

Zinc chromate

Bolinden

Erdalith

Quaternary ammonium sompounds
Chloromethylsulfones

Tertiary butyl hydrogen peroxide
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Sulfuric acid. Generally, the conditioning of cooling tower
makeup water for large industrial cooling towers involves the
adjustment of the alkalinity (carbonate content) of the water
with sulfuric ac¢id in order to achieve a certain degree of

calcium carbonate solubility in the recirculating water.
Normally, the degree of calcium carbonate solubility or
saturation is determined based on the calcium content that
builds up in the recirculation water due to evaporative con-
centration and that added ih the makeup water; the pH of the
recirculating water; and the carbonate concentration, which
is determined by the alkalinity and pH. This adjustment

is generally made to some value on either the Langelier or
Ryznar index. Normally, an attempt is made to achieve an
index value which is near the point where the ion activity
product of calcium and carbonate are just about equal to the
solubility .product of these species. The theory behind

this approach is one of maintaining a thin film of calcium
carbonate in order to reduce corrosion, yet at the same time,
adjust the composition of the water such that large amounts
of calcium carbonate scale do not form. While this is the
generally accepted approach for cooling towers, there are
questions about the validity of this approach for some waters
since a number of investigators have shown that the corrosion
tendency of a water may be independent of the stability index
of the water with respect to calcium carbonate solubility.
The operator of a cooling tower should conduct in situ tests
on the corrosiveness of the recirculation water to try to
condition this water in such a way as to minimize scale form-
ation and corrosion based on empirical testing rather than

on the somewhat arbitrary saturation indices that are frequently
used. The addition of sulfuric acid is usually made in

sufficient amounts to achieve a recirculation water pH near
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neutral. This eddivion corverts carbcenake znd bicarbonate

to CO, which iz =crubbed from the tower by air. Therefore,
carbonate salts are replaced by =zulfate salts. Sulfates

may have an adverse effect on water quality as discussed
later. Furthermore, the operator of the cooling tower must
operate it in such a manner as to avoid suifate scale problems
that might arise from the use of H,S0, in the tower.

Chlorine. The second most commonly used chemical in con-

ditioning of the cooling tower recirculatior water is chlorine.
It is widely used as a biocide. Mectley and Hoppe (1970) mention
that chlcrine is an effective biocide four the contrcl of algae
and bacterial slimes at 1.5 mg/1l frec availabizs chlorine

on a once ur twice daily shock aprplication. They point out
that coacenrirations hizner i1han this level cre likely to

cause deterioratiun c¢f tower lvmhev. Censrzlly, continuous
addition ~f chlorine is not needed, and the peériod of treatment
is generally for the time it takes for one complete recycle

of the water throuzh the tower and heat exchanrce system.

In thesc cooling towers where lacrge amouitts of hydrccarbons

or other organic constituents are presenc, the application of
chlorine m+y have to be increascd considerebly in order to
satisfy the chlorine demand. It is lilely that because of the
concentrations of ammcnia typically prescnt in ccoling tower
recirculating water, chloramines would be formed with the
addition of chlerine. Some of the {r<ec cnlorine as well as

the chloramines may be present in the cociiag tower blowdown
water therceby creating potential water gnality problems in the

receiving water.

The environmental impact staiement prepered by the AEC
(AEC, 1972) for the Palisades Plant of Consumens Power Company

states that cooling towers at this plant would utilize



chlorine which would result in a blowdown discharge of chlorine
of about 1 mg/l for one hour per day. The residual chlorine
discharged to the lake would be 0.022 mg/l after dilution of
blowdown water by 60,000 gpm and the area affected by the
chlorine will be less than that for once-through cooling.
However, they note that the period of chlorine discharge will

be thirty times longer than for once-through cooling.

Phosphates. Various types of phosphate compounds are widely

used in cooling tower recirculation water. These compounds

act to reduce corrosion and to prevent scale and sludge formation.
Polymeric phosphates act as nucleation inhibitors and thereby
minimize the deposition of various types of precipitates on

the heat exchanger, as well as other surfaces in the cooling
tower heat exchanger recirculation system. Frequently, the
polyphosphates are used at the 1~10 mg/l phosphorus level.
Recently, some relatively new organic phosphates, the polyol-
esters and the phosphonates, have been introduced for use in
cooling towers. These compounds are claimed to be highly
effective for scale inhibition. The manufacturers report

that these compounds, which are P-0-C bonded compounds, do not
revert to orthophosphate in natural waters. However, examination
of the information available on the testing that has been

done on this lack of reversion shows that additional study

is necessary to be certain that reversion does not in fact take
place in natural waters at a relatively slow rate due to enzymatic
processes. The situation with respect to the polyol-esters

and phosphonates may be somewhat similar to that to NTA
(nitrilotriacetic acid) where an acclimatized group of micro-
organisms was shown to be able to readily degrade NTA; however,
non-acclimatized organisms could not bring about this

reaction. These polyol-esters of phosphate and the phosphonates
are recommended for use in the 2-100 mg/l range in the re-
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circulation water of a cooling tower. Since there is a
possibility of their reversion to orthophosphate, their use

in cooling towers on a large scale basis should be preceeded
by careful studies on this reversion process. These potential
problems have not been investigated by the manufacturers
(Zecher, 1970a).

According to Motley and Hoppe (1970), the discharge
of any phosphates from cooling tower installations into the
Ohio River is now prohibited. It is very likely that restrictions
on phosphate discharges will be in effect throughout the country
in the near future.

Chromates and Other Corrosion Inhibitors. Cone (1970)
discussed the various types of chemicals that are frequently

used to control corrosion in cooling towers, emphasizing

some of the problems associated with the chemicals used. This
review should be consulted for a fairly recent discussion

of the chemicals that are likely to be present in cooling
tower blowdown water from industrial type cooling towers.

Chromate salts are generally found to be the most effective
inhibitors. Usually corrosion control can be secured by a
100-300 mg/l chromate content in an open recirculating systen
and 390-500 mg/l chromate in a closed recirculating system.
Sometimes concentrations in excess of 500-1000 mg/l are
necessary to prevent pitting, according to Cone (1970).

Cone notes that the addition of zinc to a chromate
inhibitor results in corrosion control or minimization at
lower chromate concentrations. Certain organics, such as
lignosulfonates and synthetic polymers are added to the chromate-
zinc~phosphate formulation to reduce pitting tendencies. Cone
notes that the use of silicates for corrosion control requires

fairly careful control of pH. It is reported that usually
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20-40 mg/l of silicate are sufficient to obtain desired
protection in the cooling system and that the addition of
polyphosphates enhances corrosion inhibition.

Nitrites as anodic inhibitors for corrosion control are
used at 200-~500 mg/l or more. pH in the recirculation system
must be alkaline in order to prevent localized decomposition
of the nitrites. In some cases. fluoride is added with the
zinc-chromate-phosphate system to treat waters which contain
large amounts of aluminum. The fluoride complexes the aluminum
to prevent it from reacting with phosphates which are added

for corrosion control.

Cathodic inhibitors include varicus multivalent metals
such as zinc, nickel, manganese, and trivalent chromium. Again
the addition of phosphates to the system aften allows the
cathodic inhibitor to be effective at lower concentrations.
Cone notes that organic inhibitors have been receiving increased
use in recent years. Some of the commonly used organic
inhibitors are amines, amides, pyridines, carboxylic acids,

esters and macaptans.

The organic phosphorus compounds mentioned above, the
polyol-esters and the phosphonates, are receiving increased
use along with some of the aminomethylene phosphonic acids.
Most of the formulations containing multi-component mixtures
of these various compounds are proprietary and the exact
composition is not readily known because of the proprietary
nature of the compounds. Cone (1970) claims that the most
widely used corrosion inhibitors for cooling water systems
are polyphosphates, zinc-phosphates, silicates, and the zinc-

chromate~phosphate combination.

Zecher (1970b) discusses the difficulties encountered

in replacing chromate as a corrosion inhibitor in cooling
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tower systems. Other treatment programs are evaluated
from the standpoint of corrosion inhibition and potential

pollution of water receiving the tower blowdown.

Thornley (1968) discussed the various problems that occur
in cooling towers and the commonly used methods for evaluating
these problems. He notes that chromate is still one of the
most satisfactory chemicals for controlling corrosion in
cooling tower systems. The chromates are used in either
the high chromate treatment, concentrations of 200 to 2500 mg/l
of sodium chromate, or the low chromate treatment at con-
centrations on the order of 50 mg/l. With the latter,

normally it is combined with phosphates, zinc, and other chemicals.

Donohue (1963) notes that the general tendency today in
cooling tower water conditioning is to reduce the use of
chromate for ccrrosion control and increase the zinc and
phosphate use. He predicts that eventually because of the
problems which are being created by zinc-phosphate systems
in natural waters receiving the blowdown, many plants will
go back to the chromate system coupled with the removal of
chromate from the blowdown water. He discusses a system
which enables the removal of chormate from the blowdown
water as well as reviewing some of the applications, various
types of chemicals used for water vonditioning in cooling

towers, and the problems associated with their use.

Kelly(1968) has reviewed the procedures that can be used
to remove chromates from cooling tower blowdown. He notes
that effective chromate removal can be achieved by the use
of an ion exchange process; however, the cost of this process
is in the order of $0.511/1b of chromate removed. He
states that a very careful control of pH is essential to
produce a chromate free effluent and also, an adequate
feed of reducing agent is important.
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Schieber (13971) has discussed the removal of chromates
from cooling tower blowdown water, including consideration of
the cost of various types of processes that can be used for
this purpose, as well as chromate recovery. Hesler (1364)
further discusses the removal of chromates by the ion exchange
process noting some of the more important parameters that must be
carefully controlled in order to achieve good removal.
Puckorius and Farnsworth (1964) discuss a process which can
be used to recover the chromate and reuse it as a correosion
inhibitor in the cooling tower. They point out the
economic advantages of such a recovery process, as well as
the advantages of minimizing potential water quality problems

to the blowdown water discharge containing chromates.

Organics. There is an increasing tendency to use organic
compounds in cooling tower water conditioning. Motley and

Hoppe (1970) mention that the basic "conventional" chemical
conditioning for cooling towers for electric generating

stations is the use of sodium hexametaphosphate for corrosion

and stabilization, sulfuric acid for control of pH and alkalinity,
and chlorine as a biocide. They predict that the organic
phosphate compounds will eventually supplant the sodium
hexametaphosphate treatment and may reduce the amount of acid

needed for alkalinity reduction.

Donohue (1967) discusses the use of organic topping
agents in cooling towers for water conditioning purposes.
Organic topping agents are organic based compounds added to
cooling water for the purpose of supplementing corrosion
inhibition, maintaining heat exchange surfaces as free of

deposit as possible, and preventing scale formation.

Typical meterials used for this purpose are EDTA
(ethylenediamine~-tetraacetic acid), citric acid, gluconic
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acid, as well as various types of dispersants and coagulants.
He notes that many types of organic compounds are being explored
today for this purpose.

Lees and Twiford (1969) have discussed the theoretical
and practical aspects of the use of various types of
polyelectrolytes for water conditioning in cooling towers.
Their paper should be consulted for additional details on
this topic. Puckorius (1971) has reported on the use of a
combination of organic polymers with the more traditionally
used inorganic polymer, such as phosphates and silicates in
minimizing corrosion in cooling towers. The nature of the
organic polymers is proprietary at this time; however, they
are classified as organic polyelectrolytes. The potential
effects of these compounds on water quality in natural waters
is unknown at present, althcugh similar compcunds have been
used for treatment of municipal water supplies. Hwa (1968)
discussed the replacement ¢f chromates with synthetic organic
compounds for corrosion control.  Weisstuch, et al. (1970)
have discussed the use of complexing agents such as EDTA for
corrosion control in cooling towers. According to these
authors, there is a relatively strong bond formed between
the complexing agent and the metal which forms a tenacious
film and tends to inhibit further corrosion. Their paper

reviews the general nature of this process.

A new series of organic nitrogen corrosion inhibitors
are now being used in cooling towers. Von Koeppen, et al.
(1972) describe the mode of action and the effectiveness of
these aromatic compounds. They are used with a phosphate and
zinc mixture. Towers using this type of treatment will
discharge relatively large concentrations of organic nitrogen

and perhaps nitrate.
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Carter and Donohue (1972) discuss the use of nitrogen-
based compounds in conjunction with phosphonates to eliminate
the requirement for either chromate or zinc in certain cooling

towers.

Another potential problem with some of the organic
proprietary compounds used in cooling towers which eventually
will be discharged to natural waters through blowdown is the
fact that some of them are essentially non-biodegradable.

For example, the use of comﬁlexing agents such as EDTA in
cooling towers, which is sometimes recommended, could result

in this compound being dispersed into the environment. Since
EDTA appears at this time to be non-biodegradable, it would
cause significant problems in the environment as a result of
its strong complexing tendencies for potentially toxic
transition metals that are present in the sediment of natural
waters. The polyol-esters that were mentioned earlier may also
present problems by complexation of toxic metals. This area

should be thoroughly investigated.

Other Biocides. In order to minimize the delignification of

cooling tower lumber by fungi, Motley and Hoppe (1970)
state that normally inorganic chemicals or creosote is used

as a fungicide.

Willa (1965) discusses the use of polychlorophenates

as a means of controlling fungus attack on wood in cooling
towers. The chlorophenates are also used to control algae

and other slime growths. They may be fed continuously or inter-
mittently. There is considerable concern today among some water
chemists about the possibllity of the chlorodioxin being con-
taminants in the chlorophenates used in cooling towers. The
chlorodioxins have been found to be one of the most toxic
compounds isolated by man. These were the compounds that
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caused the temporary suspension of the use of the herbicide,
2,4,5-T. Bacged on the manufacturing conditions that led to
the contamination of 2,4,5-T, it is possible that the chloro-
phenates may also be contaminated. This is an area of active
investigation at this time. The chlorodioxins are highly
mutagenic, showing toxicity at ug/l levels. Furthermore,

the chlorophenols are notorious for cauwsing tastes and odors
in water supplies and the tainting of fish. Willa (1965)
notes that these compounds have been used at concentrations

up to 300 mg/l as a shock treatment in some cooling towers.

Thornley (1968) presents an extended discussion of the
problems with various types of organisms in cooling towers and
the method for their control, noting that the chlorophenates,
acrolein, tri-butyltin oxide, certain thiocyanates and
quaternary ammonium compounds are used as biocides in cooling
towers. It should also bz noted that while Thornley mentions
the fact that mercury compounds are excellent biocides, they
are rarely used because of toxicity in the blowdown water.
Based on the authors' experience, organic mercury compounds
have been discharged to surface waters and have been re=-
sponsible in part for some of the buildup of mercury in aquatic

food web in some areas.

Donohue (1971) mentions a new approach that may be
taken to avert the problem of toxic biocide residues in the
blowdown; biocides that can be detoxified. Acrolein, tertiary
butyl hydrogen peroxide and bromo nitro styrene are effective
and stable as biocides in the tower but they may be readily
detoxified upon disposal by stoichiometric quantities of
sulfite. He suggests that these may eventually replace

all other non-oxidizing bioccides.

Another source of chemicals that may be found in cooling



-21~

tower blowdown water is the preservative chemicals leached
from the wood when the tower is first operated. At the
present time, little information is available on the nature

of these chemicals or the rates of leaching of these chemicals
from the wood. Puckorius (1970) mentions the condition

known as "black water” resulting from the leaching of natural
organic materials from untreated redwood in newly constructed
or rebuilt towers. He also discusses the leaching of arsenic,
chromium, and copper salts (at levels exceeding 40 mg/l),

and the creosote "slick" that results from treated lumber

early in operation of a tower.

Hoppe (1971) claims that the wood preservative salts
frequently used are cupric chromate and zinc chromate
Boliden or erdalith are used which are mixtures of copper

chromatoarsenite and in some instances, ferris salts.

General. Marshall (1971) has presented a general review

of some of the various types of chemical treatments used for
conditioning cooling tower waters. TFreedman and Boies (1960)
have reviewed the problem of corrosion in cooling towers

and the various methods that can be used to reduce corrosion
rates. Parker and Krenkel (1969) have provided a genéral
review of the potential detrimental effects that can be
caused by the discharge of blowdown water on surface water
quality. Troscinski and Watson (1970) have reviewed the
various methods that are normally used to control deposits

within cooling tower systems.

Motley and Hoppe (1970) have discussed cooling tower
design criteria and water treatment. Their paper should be
consulted for further discussion of this topic. They point
out that much closer scrutiny of the constituents that may
be used in cooling tower water conditioning will have to be
given in order to meet the increasingly stringent water
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quality criteria that are being developed today.

Operating Practices for Cooling Tower Water Conditioning.

Kelly and Puckorius (1966) discuss the typical con-
centrations of various chemicals that are used for control of
corrosion, scale, and microbial growth in cooling towers.

It is of interest to examine some of these treatments (see
Table 2) in order to possibly ascertain what might be the

concentrations present in some cooling tower blowdown

waters.
TABLE 2%

Treatment Type Dosage (mg/l)
Polyphosphate~based (POM) 20-u0
Organic~polyphosphate-based (POM) 10-20
Chromate-phosphate (CrOu) 15-30
Chromate-based (CrOu) 15-20
Organic~chromate (CrOu) 5-15
Organic~based (Total Treatment) 50

*after Kelly and Puckorius (1966)

In an attempt to gain information on existing practices
with cooling towers located at electric generating stations,
T.C. Hoppe of Black and Veatch Consulting Engineers of Kansas
City was contacted regarding his experiences in water con-
ditioning in cooling towers. He (personal communication, 13971)
cited five different situations at cooling tower systems for
turbine generators in the range of 50-850 MW. He states that
the majority of these stations use chemicals in addition to
sulfuric acid and chlorine. He provided five examples and
these are presented below:
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Water Conditioning at Cooling Towers
for Electric Generating Stations (Hoppe, 1371)

a. Polyphosphate & -8 mg/l (PO3)X, sulfuric acid,
chlorine;
b. Sodium chromate at 25-30 mg/1l CrOu, polyphosphate
4-8 mg/l (PO3)X’ sulfuric acid, chlorine;
¢. Organic phosphate at 25 mg/l without zinc, sulfuric
acid, chlorine;
d. Organic zinc at 25 mg/l without phosphate, sulfuric
acid, chlorine;
e. Sodium chromate at 5 mg/l Cr'Ou without sulfuric acid.
On the other hand, T.A. Miskimen reports (personal communication,
1971) that all of thte American Electric Power Company cooling
towers, except one, operate with just the addition of sulfuric

acid and chlorine.

A drive through the countryside of England generally
reveals large numbers of cooling towers at various thermal
electric generating stations. Superficially, it would appear
that the use of cooling towers in England is the preferred
method of disposal of water heat, based on the fact that
large numbers of cooling towers are present. However, further
examination of this situation reveals cooling towers are used
in England only under those circumstances where once-thorugh
cooling cannot be readily practiced. Even where installed,
the cooling towers are generally used only on a limited

basis during low flow periods.

Another important difference between the English
practice in cooling towers and that of the U.S. is with respect
to the use of chemicals for water conditioning. The English
towers tend to operate on a 1 to 2 recycle ratio, while
in the U.S., much higher recycle ratios are used. The low
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recycle ratio being used in England is designed to minimize

the problems of scaling, corrosion, etc. that often occurs
because of the chemicals present in the waters used for cooling
purposes. Often, in the more industrialized areas, water
quality available for use in cooling towers is such that higher
recycle ratios would require extensive water conditioning. In
general, the English cooling towers operate with little or

no water conditioning. They tend to be used to some extent

as a modified once-through cooling operation where very large
volumes of water are run through the cooling tower prior to
discharge. It is almost as though the cooling towers are

being used as part of the once-through cooling operations.

On the other hand, in the U.S., much higher recycle ratios

are used, thereby minimizing the amount of water discharged
from blowdown, necessitating much greater use of chemicals

for cooling tower water conditioning purposes.

Air Scrubbing

An evaporative type cooling tower represents a large
air scrubbing device, whereby materials which are contained
in air would be washed from it as part of the heat exchange
process. These various chemicals would tend to accumulate in
the recirculating water and would be discharged in the blowdown.
While to our knowledge no studies of this type have been
conducted thus far, this problem has been noted in the past.
For example, Thornley (1968) comments: "Don't place towers
next to boiler smoke stacks. The stack fumes will be drawn
into the tower and cause corrosive acid solutions." He
goes on to comment about the fact that cooling towers should
be located in a dust~free area because of the problems of
contamination of the recirculating water. The data on the
chemical composition of the atmosphere with respect to
potentially hazardous chemicals is quite limited. Some recent
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studies conducted at the Canadian Centre for Inland Waters
(CCIW), under the direction of Mary Thompson (1971), have
shown that the concentraticns of potentially significant
chemicals in the air are quite large. The CCIW studies
represent, in many cases, approximately 100 analyses taken

at various locations in Canada, representing both urban and
rural environments. Table 3 presents the results of these
studies for the chemical composition of rainfall. While at
this time it is almost impossible to equate the composition

of rainfall and other precipitation to the composition of
blowdown water that might result from evaporative type cooling
towers, the rainfall water does provide an indication that
there are sufficient concentrations of various trace metals,
aquatic plant nutrients and other pctertially toxic substances
present in the atmospheve to cause problems in water quality.
In fact, examination of Table 3 shows an average concentration
of phosphate, inorgzanic nitrogen, lead, copper, zinc, and
cadmium which would be ccnsidered excessive compared to the
new water quality standards that are being developed by
various states and the federel government. In other words,
often precipitation would not meet the new standards such

as those proposed for Lake Superior by the FWQA (1969) and the
State of Minnesota (Minnesota, 1370).

Glover (1970) considers the air-borne contamination
of cooling tower water. He presents the following formula for
calculating the absorption of soluble gases and suspended
solids from the air:

BC = RC = (AC)(WE)(SF)%%%—%—

where BC = concentration of air-borne contamination in
blowdown water., 1lb ccentamninant/1lb water



Parameter

Total POu

Soluble Re-
active POu

Nitrate - N
Ammonia - N
Chloride
Sulfate
Sodium
Potassium
Magnesium
Calcium
Bicarbonate
Lead

Copper

Iron

Zinc

Cadmium

Chemical Composition of Precipitation
Data frcm Canada Centre for Inland Waters®

Mean

292.

180

1.

25

27.

58

g8

2

00 ug/l

.00 ug/1

32 mg/l

.03 mg/l
.05 mg/l
.23 mg/l
.10 mg/1
.59 mg/l
.64 mg/1
.50 mg/l
.20 mg/l
.00 ug/1

00 ug/l

.00 ug/l
.00 ug/l

.00 ug/1

*After Thompson (13971)
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TABLE 3

Standard

Deviation

542.00 ug/l

449,00 ug/l

1.60 mg/l
1.20 mg/l
4.72 mg/l
5.11 mg/1
4.70 mg/l
0.78 mg/l

0.69 mg/l

3.90 mg/1
9.50 mg/l
29.00 ug/l
101.00 ug/1
61.00 ug/1
51.00 ug/l

3.00 ug/1

Maximum

380x10 ug/l

340x10 ug/l

10.80 mg/1
9.25 mg/l

25.80 mg/1

26.10 mg/l
24,20 mg/1
6.00 mgl/l
4,10 mg/l
24.00 mg/1
50.10 mg/1
160.00 ug/l
800.00 ug/l
310.00 ug/l
272.00 ug/l

16.00 ug/1l

Minimum

5‘00

0.00
0.07
0.00
0.11

0.10
0.08
0.00
0.00
0.00
1.00

1.00

10.00

ug/1

ug/1
mg/l
mg/1
mg/1l
mg/l
mg/1l
mg/1
mg/l
mg/1
mg/l
ug/1
ug/1l
ug/1l
ug/1

ug/1l
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concentration of air-borne contaminants in
recirculating water, 1b contaminant/lb water

RC

AC = concentration of contaminant in the atmosphere,
1b contaminant/cu ft air.

WE = washing efficiency

1b contaminant entering water

1b contaminant in air circulated through tower
(generally 0.95-1.0)

AR = air rate in cu ft air/l1lb water recirculated
through the tower. (generally about 10 cu ft
air/1b water).

BD = blowdown fraction = 1b water blowdown/lb water
recirculated.

SF = suspended fraction

1b contaminant remaining suspended in solution
1b contaminaat washed from air

(1.0 for soluble gases and soluble dusts and
0.1-0.5 for insoluble dusts).

According to Glover, the quantity of insoluble suspended
materials scrubbed from the atmosphere frequently dictates the
amount of blowdown required.

Glover's formula may be used to approximate the expected
degree of contamination of blowdown water from atmospheric
sources. In Table B the calcunlated mean and maximum contam-
ination of blowdown water i% shown. The ambient air-borne
levels of contaminants are highly variable, with generally
higher values in urban areas for most contaminants. The ambient
mean and maximum air-borne values shown in Table 4 were selected
from two sources. The values for Pb, Cu, Ni, and V are rep-
resentative of an urban particulate; those for the other species

are national averages except where noted.

It is assumed for the calculations that the washing
efficiency is 1.0, the air rate is 10 cu ft air/lb re-
circulating water, and the blowdown fraction is 0.006 which
is the sum of the blowdown and drift loss expected for
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cooling towers designated for the Zion Nuclear Power Station
of the Commonwealth Edison Company (Sargent and Lundy, 1971).
Since it is not known what portion of the air-borne particulate
may be soluble, a value of 0.5 is used for the suspended
fraction. Hence, for the mean air-borne phosphorus value of
1.43 ug/mB,

BC = (8.86 x 10711)(1)(0.5) 3= = 0.0715 mg/1

It is evident from Tablé 4 that Fe, Pb, An, P, Cd,
Hg, NH: or 80: could occur in the blowdown water at a levél
that would create a disposal problem solely from atmospheric
sources. This would be most likely to occur for a tower
located in an urban or industrial area. Ammonia could become
a particular problem upon chlorination of the cooling tower
for control of microorganisms. The chloramines that are
formed are highly toxic to fish at ug/l levels. When ammonia
is in the mg/l range in the recirculating water, extreme care
must be taken to avoid fish kills from the discharge of

chloramines.

Loss of Volatile Material

The stripping by air of volatile materials from cooling
tower recirculating water is another effect that influences
the chemical composition of the blowdown water. Ammonia
and volatile organic contaminants in the recirculating water
would be the principal species affected and, as such, stripping
would not be expected to be of great significance unless
waste waters are used as the tower makeup.

Roesler, et al. (1971) have devised a computer program
for determining the degree of removal of ammonia from waste
water by air stripping in a conventional cooling tower in-
stallation. The Georgia Kraft Company (1971) investigated
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the use of a cooling tower for the removal of biological
oxygen demand (BOD) from kraft mill wastes. They found that
25-30 percent of the waste water BOD could be removed by a
cooling tower. The primary mechanism of BOD removal was

not biological consumption but the physical process of
stripping of the volatile components in the waste water. They
recommended further investigation of the impact of this
process on air quality.

COMPOSITION OF BLOWDOWN WATER

Very little information exists today on the chemical
composition of blowdown water in the U.S. Davies (13966)
reported on the chemical composition of several cooling tower
blowdown waters located on streams in England. He found that
chloride and sodium sulfate concentrations build up in the
blowdown water in propcrtion to the degree of concentration
by evaporation and the concentrations in the makeup water.
His discussion did not provide sufficient data to determine
what concentrations of some of the more critical elements might
accumulate in typical cooling towers operated in England.
Hoppe (1966) discusses some of the problems associated with
the use of various types oif chemicals in water conditioning
in cooling towers. In particular, he examines the problems
of corrosion control with the chromate-zinc treatment, the zinc-
polyphosphate treatment, and the zinc-organic treatment.
He presents a waste treatment removal scheme for the removal of
chromate and zinc from blowdown waters, as well as a system
for discharge of blowdown to deep disposal wells. Hoppe
presents a table in this paper for cooling tower blowdown
water composition of an industrial type cooling tower which
uses a zinc-organic based formulation for the cooling
makeup water conditioning. This table is reproduced in this
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paper as Table 5 for comparison purposes.

The cooling tower literature contains several papers which
present a limited amount of data on the recirculation water,
blowdown water or simulated recirculation water which would
be used for various types of testing for corrosion control,
etc. Table 6 is a compilationr of selected data from the
various papers from the litereture. Examination of Table 6
shows that generally pH for these various cooling tower
waters is near 7 with a hardness ranging from several hundred
to over a thousand mg/l as calcium carbonate. The calcium
and magnesium content of the water averages about 100-300 mg/l
with a total alkalinity ranging from 5-44 mg/l as calcium
carbonate. The chloride content is several hundred mg/l with
sulfate ranging from 250 to 1400 mg/l. The change in bicar-
bonate and carbecnate alkalinity to sulfate is quite evident
from the table. The dissolved solids content for the three
samples given range from approximately 1000-2000 mg/l. The
one sample shows a chromate concentration of 280 mg/l.

The rather meager data on the cliemical composition of
cooling tower blowdown water prompted the authors to contact
several firms and associates for unpublished data. W.T. Betz
Company of Trevose, Pennsylvania provided data of this type.
Table 7 presents the characteristics of each of the cooling
towers studied. Data is given.on location, water source, and

type of treatment used.

The data in Table 8 from Betz Laboratories shows approxi-
mately the same characteristics as the data presented in
Table 6 for the ten different cooling towers for the common
parameters such as pH, hardness, calcium. magnesium, and
alkalinity. Although it is of interest to note that typically,
the alkalinity values in the Betz reports are considerably
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TABLE 5

Analysis of Cuoling Tower Blowdown
on Zinc-Owganic Treatment®

pH 8.0
Total alkalinity as caleium carbonate 146 mg/l
Total harduess 'as calecium carbonats 1327 mg/}
Calcium hardness as calcium carbonate 847 mg/l
Sulfate as calcium carbonate 1360 mg/l
Chloride as calcium carltonate 134 mg/l
Zinc as zinc 1.2 mg/2
Total diegsolvzd soclids 2728 mg/l
Swmecific conductance 3040 umho/cm
Ammonia as N 0.04 mg/1
5 day 70D 1 mg/l

The cost for sucr tieat .ent was estvimated by Hoppe 1o be in

the order of $0.1275/1000 gallons of maleup.

#After Hoppe (1966)
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higher than those reported in Table 6, it is possible that

the combination of use of the various types of chemicals in
treating the cooling tower enables the operator of these
towers to carry higher alkalinity values without having-
severe scale problems. This is also noted because of the fact
that the siilfate levels in the Betz data tend to be somewhat
less. It is of interest that the phosphate levels of the
various cooling towers for Betz range from a few tenths up

to several mg/l. Chromate typically runs 6-25 mg/l. Zinc,
when used, is approximately 0.5-7 mg/1l.

One additional source of chemical analysis data on
cooling tower blowdown water was obtained from the Illinois
State Water Survey (1971). This data is presented in Table 9
where analyses from November, 1971, are presented for six
different non-industrial cooling towers located in the State
of Illinois. The cooling towers are located at various

State of Illinois institution buildings.

Examination of the data presented in Table 3 shows
that in general the chemical characteristics of these cooling
tower blowdown waters are approximately the same as those
presented in Table 6 from the literature. It is of interest
to note that some of the Illinois State Water Survey cooling
towers have several mg/l of phosphate. This data also
gives an indication of the levels of trace metals, such as
chromium, copper, lead, nickel, and zinc in these cooling towers.
Generally, the concentrations of these various metals range
from less than 50 ug/l to several hundred ug/l, except for
chromium which ranges from 20-60 mg/l. It is obvious that all
of these cooling towers receive a chromate treatment. The
lead and nickel concentrations are uniformally less than
50 ug/l, with zinc typically ranging in the order of a few
tenths of a mg/l. The cadmium levels in all samples were
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less than 10 ug/1.

Garton (1972) has assembled information on typical values
for the concentration of certain chemical species commonly
found in cooling tower blowdown. 'fable 10 is taken from
Carton's paper. The values are similar to those quoted from
other authors; in addition, several specific organic species

are listed.

The AEC (19/2) considered the possible detrimental
effects of utilizing cooling towers at the Palisades Nuclear
Generating Plant of Consumers Power Company. Mechanical
draft wet type cooling towers would be utilized at this
plant. These towers would have blowdown of 1,320 gpm.

The recirculating water in the tower would be treated inter-
mittently with sodium hypochlorite as a biocide. Also
phosphate and zinc compounds were to be added to the re-
circulating water as corrosion inhibitors. It was estimated
that the phosphate content in the blowdown would be 0.27 mg/l P
and 0.036 mg/l of zinc. These concentrations were to be
achieved in the water discharged to the lake after dilution
with 60,000 gpm of dilution water. It was further estimated
that sulfuric acid would be added to the system recirculating
water to give a sulfate ion concentration of 48.9 mg/l in

the discharge water.

Blowdown Water.Toxicity

There is little information available concerning the
toxicity of cooling tower blowdown water to aquatic organisms.

The measured tolerance level values (TL_..) for minnows for

50
certain selected cooling water treatment chemicals are pre-
sented by Donohue (1971). These values, which were apparently

determined by Betz Laboratories, are listed in Table 11.
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TABLE 10

Common Chemicals and Concentrations Found in
Recirculating Cooling Tower Water
After Garton, 1972

Treatment Chemical Concentrations
Chromate-zinc 2-15 mg/1 CrOj as Cr
1-5 mg/l Zn
Chromate-zinc-phosphate 2-15 mg/1 Cr0, as Cr
(organic or inorganic) 1-15 mg/1 Zn
0.3-1.5 mg/1 POu as P or
0.3~1.5 mg/l organic phosphate as P
Zinc-inorganic phosphate 2-10 mg/1 Zn
3-10 mg/l POy as P
Zinc-organic phosphate 1-10 mg/1l Zn
1-5 mg/l organic phosphate as P
Organic phosphate scale
inhibitor 0.3-6 mg/l organic phosphate at P
Silt control polymers 0.1-5 mg/l acrylamide, polyacrylate,

polyenthyleneimine, or other
synthetic organic polyelectrolytes.

Natural liquin-tannin type
dispersants 1-50 mg/l as sodium liquosulfonate

Non-oxidizing organic biocides 1-25 mg/l sodium polychlorophenol,
quaternary amine, organo-metallic
methylene bis-thiocyanate, etc.

Specific oxygen corrosion 1-5 mg/1l sodium mercaptobenzo-
inhibitors thiazole or benzotriazole
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TABLE 11

Toxicity of Certain Selected Cooling Water Treatment Chemicals

to Minnows#*
After Donohue (1971)

Chemical

TL

50
Phosphonate (amino trimethylene phosphonate) 21000 mg/l
Mercaptobenzothiazole (MBT) 3 mg/l
Benzotriazole (BZT) 40 mg/l
Hexametaphosphate 2500 mg/l
Sodium nitrate 500 mg/1l
Zinc sulfate 15 mg/1

*gpecies not designated

The acute toxicity of the phosphate speciesgs is quite
low. It is interesting to note, however, in Table 10 that
the concentration of mercaptobenzothiazole used in some
treatment programs is at the level of acute toxicity quoted
in Table 11 for this compound. A "safe' level of contaminant
50" If the

blowdown is not diluted in this case by a factor of at least

is generally considered to be 1/100 of the TL

100 it may be toxic to fish.

Garton (1972) working at the Environmental Protection
Agency Laboratory, Corvallis, Oregon, conducted a series of
bicassays on simulated cooling tower blowdown water. The
simulated blowdown water was prepared to approximate the
maximum proposed chemical composition of cooling tower blow-
down water from the Trojan Nuclear Power Plant of the Portland
General Electric Company as reported in the company's discharge
permit request. The company planned to use a chromate-

zinc-phosphate treatment.
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Two different organisms were used in the bioassay: a

green alga, Selenastrum capricornutum Printz, and the young

steelhead trout, Salmo gairdneri. Test solutions were the

original strength simulated blowdown and dilution of the
simulated blowdown by factors of 10, 100, and 1000.

The results of the bioassays indicate that zinc and
chromate in the simulated blowdown are toxic to the alga at
0.064 mg/1l and 0.14 mg/l, respectively, as measured by re-
duction in algal productivity. The juvenile steelhead trout
showed no lethal effects in 96 hours at 31 mg/l CrOﬁ, but
the 36 hour LC., (lethal concentration for 50 percent of
individuals) for zinc was 0.09 mg/l. Using the recommended
application factor of 1/100 of the 96 hour TL50
by this investigation, safe stream standards become 0.0008 mg/1l

(LCSO) determined

Zn for steelhead trout.

If zinc standards are lowered in the future to levels
proposed by the EPA for Lake Superior or to levels indicated
by the above report, it is unlikely that even the more conventional
blcwiown treatment, that is, lime or alum precipitation, can
render the blowdown water as free of zinc as necessary for
discharge if zinc is used in the treatment program. The
removal by dispersant chemicals added to the tower. Ion
exchange or other advanced treatment systems may become

mandatory at a substantial increase in cost.

The AEC (1972), in their evaluaticn of the potential
impact of cooling towers at the Palisades Nuclear Electric
Generating Station, concluded that phosphate, zinc, chlorine
and sulfate present in the blowdown waters may have an impact on
phytoplankton in Lake Michigan. The phosphate would tend to
stimulate algal growth in the region of the discharge. The
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zinc in the blowdown would likely enter into the food web

and be concentrated to a much higher level in aquatic organisms.
Further, the AEC felt that there may be a toxicity problem

due to zinc on the algae where the presence of zinc would
inhibit photosynthesis. The chlorine present in the blow-

down water would, according to the AEC, likely cause some

destruction of plankton near the point of discharge.

The AEC alsc stated that the zinc may have an adverse
effect on fish due to chronic sublethal toxicity of the zinc

to various fish species.

Treatment of Blowdown
From the rather limited data available on the chemical

composition of cooling tower blowdown water, it is apparent
that in some instances, the blowdown water contains chemicals
which would cause significant degradation of quality in re-
ceiving waters. TFurther, it should be noted that some of

the most potentially important parameters with respect to
causing chronic sublethal effects on aquatic organisms, such
as ammonia, various trace metals and chloramines have not

been analyvzed at the concentrations which have recently been
found to cause deléterious effects to aquatic organisms.

It is reasonable to predict that as a result of further study,
increasing attention will have to be given to the treatment

of cooling tower blowdown waters. While, in general, it is
technologically possible to remove many of the chemicals present
in cooling tower blowdown, the cost of such treatment should
be considered in any assessment of the use of cooling towers
versus once~through cooling as a means of disposal of waste
heat. Unfortunately, very little information has been
published on these costs. Glover (1970) presents a discussion

of the cost of treatment of cooling tower blowdown water. He
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estimates the cost of treatment by lime/aluym precipitation
with sulfur dioxide reduction of chromate, when it is used,
to meet some of the more stringent water quality standards
in effect at the time the paper was published. He also lists
the level of some of the treatment techniques that will be
found in the blowdown under various treatment programs. In
Table 12 Glover's table is reproduced, except that the con-
centration of chemical species in the blowdown water is com-
pared to the current Illinois Pollution Control Board
standards for Lake Michigan (IPCB, 1972) now in effect
rather than to the Pennsylvania standards used by Glover.
The ratio of the blowdown chemical concentration to the

IPCB standard is listed for applicable chemical species.
According to Glover, a ratio of ten or less of a particular
chemical species does not require specific treatment since
in-plant dilution of the blowdown may be assumed to be a
factor of about ten. This may not be the case for a thermo-
electric power plant using only cooling towers for condenser

cooling.

The treatment costs shown in Table 12 were computed by
Glover considering only chemical and sludge handling expenses.
The residual levels of chromate, zinc, and phosphate after
treatment are not given. The cost of removal of the organics
if it is required is based on one-time-use activated carbon
adsorption. Reactivation of the carbon may reduce the cost
to 12¢ to 24¢/1000 gal., according to Glover.

It is evident from examination of Table 12 that large
evaporative type cooling towers could require substantial amounts
of funds needed for treatment of cooling tower blowdown

waters in order to meet existing water quality standards.
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TABLE 1Z

aste Disposal Characteristics and Cost of Treating Cooling Tower Blowdown
After Glover (1970).

Ratio of
Blowdown
IPCB Concentration  Disposal $ Cost
Chemical Concentrations Lake for IPCB per 1000 gal
Treatment in Blowdown Water Standard Standard Blowdown
chromate
only 95-225 mg/l Cr 0.05 mg/l 5000 $0.70
zinc~-chro §-35 mg/l Zn 1.0 mg/1 15
mate 7-30 mg/l Cr .05 mg/1 200 0.16
zinc-chro- |8-35 mg/l Zn 1.0 mg/1 15
mate-phos- |4-7 mg/l Cr 0.05 mg/1 100
phate 10-15 mg/1 P 0.007 wg/1 | 1500 0.13
phosphate
cnly 5-20 mg/l P 0.067 ng/1l 1500 0.12
zinc-phos- |8-35 g/l Zn 1.0 ng/21 15
phate 5-2¢ mg/l P 0.007 mg/1 10CO 0.14
phosphate 5-20 g/l P 0.007 mg/1 1000
organic 3-10 mg/1 "organic" 0.13
organic 160-200 mg/1 "organ-
only ic™ none -
10 mg/1 BOD (est.)
100 mg/1 COD (est)
50 mg/l CCl, extract-
ed (est.)
5 mg/1l MBAS 1.25
organic bio- |30 mg/l chlorophenol |0.1 mg/l 300
cide 5 mg/1 sulfone
1 mg/1l thiocyanate 0.025 mg/1
as CN™ 2.1-1.25
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SUMMARY

It is evident from the above review that a wide variety
of potentially significant: chemicals are used in cooling towers
in an attempt to minimize scale, corrosion, wood deterioration,
and general biological fouling. Further, the operating
characteristics of cooling towers can lead to excessive con-
centrations of chemicals in blowdown which are derived from
the makeup water, atmospheric sources, and the cooling tower
and recirculating water structures. It is entirely plausible,
based on the types and amounts of chemicals used in various
types of cooling towers, that significant concentrations of
these chemicals could be found in blowdown water which would
cause significant deterioration of water quality in the waters
receiving the blowdown.

It is difficult to obtain information on the actual
chemicals used in various cooling towers because of the proprietary
nature of these compounds, as well as the fact that cooling
tower operators are reluctant to give out this type of in-
formation. However, based on review of the literature and
extensive discussions with various individuals in the cooling
tower water conditioning field, as well as those that operate
the towers in various parts of the country, it can be con-
cluded that cooling towers of the industrial type generally
use a wide variety of chemicals for water conditioning purposes.
The larger cooling towers, especially those at thermal electric
generating stations, of the natural draft type, sometimes operate
with only the addition of sulfuric acid for neutralization of
alkalinity and pH control, and chlorine as a biocide.

Typically mechanical draft evaporative type cooling towers
tend to use somewhat larger amounts and a greater variety
of chemicals than natural draft towers, although this gen-
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eralization would be dependent on location of the tower,
characteristics of the tower, and other factors. Therefore,

as a minimum, one would expect blowdown water from electric
generating stations and other cooling towers to contain
increased concentrations of sulfate, chloride, chlorine, and
chloramines, as well as various chemicals that may be scrubbed
from the air, arise from corrosion, or leach from the tower
structure. Under the worst possible conditions, with respect
to the potential effect of blowdown water on receiving water
quality, the blowdown water could contain a wide variety of
highly toxic inorganic and organic chemicals which could have
significant deleterious effects on aquatic organisms and

man. It is evident from this review that much greater attention
must be given to potential deleterious effects of cooling tower

blowdown on receiving water quality.
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Discussion ~ Commonwealth Edison Testimony

MR, MAYO: We had asked, gentlemen, that you hold
the questioning until the completion of these presentations.

Do you have any questions?

MR, FELDMAN: Why don't I bring them all back up,
Mr, Mayo?

MR. McDONALD: At the risk of inciting a riot in
this endurance contest, I am going to ask a couple of ques~
tions,.

I would like to address my question to Dr.
Pritchard.

Dr, Pritchard, I am interested in this sinking
plume phenomenon, and I am particularly interested in your
announcement of this sinking plume at this session of the
conference, in that at least my understanding -~ and you may
have to help me here because I wasn't at the previous
session -~ that previous presentations by you indicated
that the thermal plume dispersion was more of a hugging
and outward flow rather than a sinking plume phenomenon.
And if I understand the sinking plume phenomenon in your
presentation of it, this is a fact of physics that has been
there and why, at this point, is it brought up for the
first time? What investigation, what set of factors led to
the sinking plume not being recognized before by you?

DR, PRITCHARD: Well, the conclusions that I come
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to right now with respect to Zion are not different than
the conclusions that I had arrived at about Zion previously
in the discussion of the sinking plume. In fact, I don't
think there was much recognition of a winter problem or a
possibility of a winter problem in earlier considerations,
I will readily admit that I did not consider winter in the
early stages of my analysis of the general subject of
thermal effects. I thought mostly of the warmer periods
of time.

The winter situation with the possibility of --
well, with the fact that the natural temperatures of the
lake dropped below the temperature maximum density, was
raised during the Illinois hearings -- the second -~ not
the Illinois hearings on standards but the Illinois hearings
related to Zion itself. And at that time I stated that my
calculations at the time indicated that the excess momentum
in the Zion jet would carry that plume through the critical
region of having water sinking, which exceeded 3° above
ambient; and that if any sinking occurred, or if there
was, let's say, bottoming out -~ which is really a more
proper term because it isn't a diving plume, it actually
reaches a stage when the momentum settles down -~ there is
essentially a spreading out at the bottom (indicating)

that this would involve, that small temperature differences
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have no biological significance. Whether or not even above
3° ig another question. But certainly at the temperatures
that now appear and those that I felt would occur then--
we are talking about the possibility if overage of fish
which overwinter do occur in the region -~ we are only
talking about changes in the incubation period of a matter
of hours for temperatures that now appear likely at
Zion.

The reason for bringing it up at this time, how=-
ever, iss 1) the question was raised at the Illinois hear-
ing; 2) Argonne has actually made some measurements of the
phenomena; 3) during the course of investigation of Waukegan
which involved studies during the winter -~ and I might say
that the winter plume, while physically there, the phenomena
of having temperatures exceeding 3° on the bottom had not
really been looked at before the questions were raised and
before people began to look at plumes in winter. No one
got out in the lake and measured plumes in the wintertime,
Argonne had done some, but there had been no real serious
effort made until it was deemed necessary on the basis of
preliminary evidence of the observations to go out and
make a very thorough study of the winter plume, and this
was done.

But, in the end, the analysis of the facts that
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I stated previously during the Illinois hearing that, in
fact, the excess momentum in the Zion plume should not make
the winter conditions a problem there are verified.

MR. McDONALD: Well, since physicists have always
known chat water is at a maximum density at 39°, why was
it necessary to make studies in the winter? Was this a fact
that was just overlooked during your presentation at the
earlier conference?

DR. PRITCHARD: No. The reason it was necessary
to make studies during the winter is that despite the fact
~- and thisiswhat I tried to emphasize in my testimony —-
that despite the fact that the temperature ~- that from
the standpoint of the static stability -~ the plume should
sink in about between 45° to 46°, it does not sink between
45° and 46° if it had excess momentum. Even Waukegan,
which is not designed with a high speed discharge, still has
sufficient excess momentum so that it actually cools an
additional 7° to 8° before it sinks. It actually passes
through the region of maximum density before it sinks, It
has the same density as the surrounding water, 7° or 8° above
the point that it sinks,

Now, while the physics of the fact that water in
a condenser has its freezing point at 4° C. and, in fact,

that water has the same density at 32° at a temperature of




oW

O 6 N O o

10
11
12
13
14
15
16
17
18
19
20

21

2

23

20 |

866

25 |

I

L

Discussion -~ Commonwealth Edison Testimony
,6.5° approximately =—- while that was well known -~ I do not
know of any physics at the present time, any theory that
allows us to predict at what excess momentum combined with
the higher density the phenomena will occur. And what is
new here, and the reason we present it is that we now have
some empirical data which allows us to make predictions
about this.

MR. McDONALD: Well, let me see if I understand
this now,

This was the first time now that this data was
presented by you publicly, today?

DR. PRITCHARD: The data, yes. It is not the
first time that we have talked about the winter plume.

MR. McDONALD: Wwell, it is the first time you have
talked about the sinking plume in this conference,

DR. PRITCHARD: That is right.

MR. McDONALD: Let me follow that point just a
little bit,

What does the sinking plume mean to you in terms
of the method of discharge that might be employed by the Zion
plant in the event a cooling tower is not installed?

DR, PRITCHARD: As I have just said ==

MR, McDONALD: At the location of the discharge;

the method of discharge.
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DR. PRITCHARD: The present design of Zion will
provide a discharge in which sinking of or bottoming out and
spreading out of water along the bottom -- a condition which
would be unfavorable to rapid mixing --~ will not occur until
the temperature in the worst case -~ and the worst case is
when the lake is essentially 32° F. ambient condition —- will
not occur for temperatures higher than 34° to 35°,

I say that the possibility of the sinking plume at
34° to 35° == 1 say this is -~ on the basis of —- both of
the observation of the fact that during winter there are
natural periods in which bottom temperatures reach this
situation; on the basis of the analysis of the incubation
period as a function of temperature for whitefish eggs, that
this has no biological significance whatsoever, and it does
not exceed 3° above the ambient.

MR. McDONALD: It does not.

DR. PRITCHARD: Does not.

MR, McDONALD: At the thousand feet,

DR. PRITCHARD: When you say "at the thousand
feet," the Illinois standard is "within an area equal to a
circle having a radius of 1,000 feet," And I might say
this =~ ]I was rather surprised at the interpretation of the
thousand foot limit because the worst kind of design is one

that produces a circular dimension.




W

AYS B s N o SRR N |

10
11
12
13
14
15
16
17
18
19

20 |

21
2
23
2k

868

Discussion - Commonwealth Edison Testimony

The way to design for minimum impact on the envir-
onment produces an elongated plume with small area. Now, I
can tell you that the area on the bottom at Zion, having
temperatures exceeding 3° F. above ambient in the winter —-
I have computed, based upon the evidence we have from
Waukegan, and I might say that during a summer of 70°, there
will be no area having bottom temperatures 3° or greater
above ambient, but during the wintertime when the temperature
is on the order of 33° F., the area of the lake for the doublg
plume at Zion -~ that 1s twice the area of the single plume -«
having temperatures exceeding 3° will be 12,6 acres.

MR. McDONALD: 12.6 acres.

DR. PRITCHARD: I am sorry for giving it that pre-
cisely, I admit I doan't know it that precisely. That is
a computed value, but this will approximately be 1l2 acres.

The surface plume would be approximately -- well
-- several times that; but the bottom plume would be about
12.6 acres. But I'm almost certain that the bottom plume
would be less than the 72 acres which is the acreage enclosed
by a circle having a radius of 1,000 feet, And I contend
that from the standpoint of impact on the environment,
while I question your conviction that there was a great deal
of thought that went into that 1,000 feet, that there is

certainly no more and, in fact, because of the time-~temperature
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relationship, considerably less potential for damage from
an elongated plume, having larger dimensions in one direction
than 1,000 feet but having no more area than the circle of
1,000 feet area.

There has been much talk abgut the mixing zone and
some implication that the mixing zone is a zone where damage
will occur., 1 resist that definition,

I might say that I have spent my whole life being
concerned with protection of the environment., That is my
business. And I contend that the mixing zone should not be
considered a zone at which damage will occur. I define the
mixing zone as the zone within which water quality criteria,
based on long-time exposures, do not apply. But water
quality criteria based upon time exposure history do apply,
and that there is no more damage within the mixing zone than
there is outside, and in a properly designed plant that is
Zero.

MR. McDONALD: Well, that is not going to happen
at Zion,

DR. PRITCHARD: 1 see -~ your legal experience
gives you that =

MR. McDONALD: Well, let me -~ no, your analysis
gave me that.

DR. PRITCHARD: That what? That there would be
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no damage?

MR. McDONALD: Yes.

DR. PRITCHARD: That there would be damage?

MR. McDONALD: Was I wrong in that?

DR. PRITCHARD: You are, I conclude that there
will be no damage. No damage,

MR. McDONALD: Okay. Let me ask you another
question, Dr. Pritchard. And this concerns, again, this
question of how much consideration, by way of field studies
and data accumulation that you have engaged in beyond the
immediate zone uvf Zion, in coming up with your conclusion.
How much beyond the area of Zion have you ~=-

DR, PRITCHARD: Well, the major part of my work
has been done elsewhere,

MR. McDONALD: I mean on Lake Michigane.

DR. PRITCHARD: I personally have not conducted
research on Lake Michigan, I have, however, studied the
results of the work at Waukegan and served on a consulting
group that has come in and tried to direct that work so that
it would be as solid scientifically as possible.

I might say that that group has not been lenient;
it has been quite critical, It has pushed that work to be
solid, scientific work. I have studied the results from

the Waukegan study. 1 have also gone over most of the work
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October 3, 1972

Mr. Francis T. Mayo, Chairman

Lake Michigan Enforcement Conference
U.S. Environmental Protection Agency
Region V

One North Wacker Drive

Chicago, Illinois 60606

Dear Mr. Mayo:

On Thursday, September 21, 1972, I appeared before the
Lake Michigan Enforcement Conference and presented testimony with
respect to costs for alternate cooling systems for Commonwealth
Edison's Zion Generating Station. Following the presentation of
the above testimony, Mr. Carlos Fetterolf of the Michigan Water
Resources Board asked a question of me requiring that I submit
more detail with respect to the $34,105,000 figure appearing on
Exhibit B Line II a. This figure represents the cost of the
loss of capability of the Zion plant when wet mechanical draft
cooling towers are applied as the cooling means in place of
once-through cooling which is proposed. The following explanation
is submitted in answer to Mr. Fetterolf's question: If wet
mechanical draft cooling towers were applied to the Zion Station
the maximum continuous output of the station would be reduced
for the following three reasons:

1. The backpressure on the turbines would be increased
due to the higher temperature of the water coming
from the cooling towers to condense the steam. For
the two Zion units this reduction in net output
capability is 127,596 kw. Attachment 1 to this
letter contains the turbine performance curves
marked to illustrate the difference in performance
when using Lake Michigan water for cooling vs.
water returned from cooling towers and shows the
method of development of the output loss.

2. Additional pumping power will be required to 1lift
the circulating water to the cooling towers. This
power requirement, in the plant, reduces the net
plant output power by 21,901 kw.

3. Power will be required to operate the fans on the
cooling towers. This will reduce the net plant
output 92,616 kw.
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The above losses in net output add to 159,113 kw
directly attributable to modifying the station to utilize
mechanical draft cooling towers. This loss of capacity must be
replaced with nuclear generating capacity at some other location.
We have been very conservative in valuing the replacement
capacity at $207/kw, which is the presently estimated cost of the
Zion capacity. As I testified on September 21, to replace this
capacity in a plant starting today would cost in the order of
$400/kw. Multiplication of the 159,113 kw times $207/kw amounts
to $32,936,000. The investment in additional generating capacity
to replace that lost by the application of mechanical draft
cooling towers will also incur property taxes. The additional
property taxes due to this investment are estimated to amount
to $1,169,000. The sum of the investment cost and property taxes
amount to $34,105,000.

I hope that the above explanation fully answers
Mr. Fetterolf's question. If it does not, I will be pleased to
hear from you.

Very truly yours,

ON5etla

O. D. Butlerx
Assistant Vice President

Attachments
cc: Mr. C. Fetterolf
(Michigan Water Resources Com.)
Mr. A. D. Feldman
(Isham, Lincoln & Beale)
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ATTACHMENT 1

CALCULATION OF CAPABILITY IOSS

From curve A using once through cooling the turbine back
pressure at full load is established to be 2.7 inches of

mercury absolute.

From curve B using cooling towers the turbine back pressure
at full load is established to be 5.1 inches of mercury

absolute.

From curve C the 2.7 inches of mercury absolute back
pressure establishes a load correction of minus 1.8% of
1,129,167 kw design for 1.5 inches of mercury absolute

back pressure, or a load of 1,109,971.

From curve C the 5.1 inches of mercury absolute back
pressure establishes a load correction of minus 7.35% of
1,129,167 kw design for 1.5 inches of mercury absolute

back pressure, or a load of 1,046,173.

The difference between 3a and 3b is 63,798 kw which is the
loss in capability of one unit due to increased back
pressure as a result of installing cooling towers. Total

loss in capability of two units is 127,596 kw.
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that has been done by Argonne 1in measurements of plume
dimensions and have even, in fact, used their data in con-

firming thermal plume models that are —- 1 might say that

this is not a static field. I consider the thermal plume

modeling as a living science and the models as living models
which change as we add day-to-day more information, and this
is being done.

1 have spent a great deal of my time in taking
data that is collected not only on Lake Michigan but every-
where else in the world, and feeding that into the fund of
knowledge that has gone into thermal modeling, including
work done at MIT and the plume work we do, work on other
Great Lakes, the Ghinna plant -- 1 did personally do some
work on Lake Ontario in the Ghinna plant, and I have looked
at the results of that design as far as the thermal plume
goes.

MR. McDONALD: No, I wasn't trying to imply that
you aren't interested and that you haven't done work else-
where. The question that I really was interested in was a
question that 1 raised with several other people, and that
is the idea of getting a blueprint that would link all of
the powerplants and all of the discharges into some common
overall monitoring program of the lakes with participation

beyond the parochial limits of Zion, Point Beach, where
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these very limited zones that, of necessity, you find your-
self involved in.

DR, PRITCHARD: I wonder -- have you ever read the
testimony that I gave at the last conference?

MR. McDONALD: I have not read it in its entirety,
no.

DR, PRITCHARD: Well, I feel that quite contrary
to some of the statements that were made -~ and I tried to
keep my testimony short so I left it out this time -- but
I feel that it is a clear statement that the problem is not
a lakewide problem, not even in the year 2020, not even
when -- not when but if you put 10 times the amount of heat
into the lake that you do nowe.

MR, McDONALD: Well, I am aware of that. But the
question I am asking is: As a matter of insurance, whether
you are convinced or not ~- some people feel that it may
be a lake problem—and as a matter of insurance and as a
matter of investment, would it make sense?

DR. PRITHCARD: Well, I think that it makes sense
to have a monitoring program which is consistent in obtain-
ing necessary data with respect to all plants and with
respect to the spaces in between them; and it doesn't
necessarily have to be a centrally controlled program, but

it should be one in which there is a collection of data
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and a review by some perhaps joint committee involving the
various State agencies, the Federal agencies, and the univer-
sity people who have an interest, énd the companies,

I might point out that this is exactly what is being
done in another part of the country, in the Chesapeake Bay.
It involves two States -- not as many as you have; it in-
volves a waterway of about the same size -~- perhaps not
quite the volume, but of certainly more complexity than the
lake -~ and there is in that regiona group called the Clean
Water Study Group. It is comprised of all research institu-
tions and universities engaged in work on powerplant siting
and studies of the effects of thermal discharges in the
Chesapeake Bay area; it comprises representatives from all
Federal agencies concerned, including your own; it comprises
representatives of industry; and all of the data is available
to everyone else. We have subcommittees that compare research
and designs, that interchange techniques, and propose standard
approaches to the studies., There are coordinated studies
involving company biologists, and State biologists, and
university biologists with no lack of passage of informatiomn.

I might say it wasn't always that way, and I got
into this business back when there were problems with very
great lack of cooperation.

But in Maryland I serve the State, and I serve on
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the various groups that are involved in this kind of research]
1

which in Maryland are supported by the Federal Government

and the State, and I see a great deal of cooperation and

study of the whole system with the intent of ultimately
ending up with a -- to be sure that we stay ahead of
the possibility of overloading the system.

MR. McDONALD: Thank you.

MR. FETTEROLF: A while back -=- while Dr. Pritchard
is still on the stand =-- I think I can clarify something for
you, Jim.

The Lake Michigan Technical Committee for the Study
of Thermal Discharges pinpointed sinking plumes as a possible
problem. As a result of that, Argonne National Laboratory
established some stations off one of the plumes and did
identify the fact that the plume did sink in the wintertime.

The Bureau of Sport Fisheries conducted studies
or what an increase in incubation temperature for the over-
wintering eggs of whitefish would result in, in the way of
changes to maturation and hatching time.

They have shown that shortening of this time or
that increased temperatures would result in a shortening
of this period.

The Palisades Impact Statement included a consid-

eration of sinking plumes. And as a result of this activity,
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Bio-Test then went out on these 2 days to investigate sinking
plumes.

Now your question is: why did Dr. Pritchard bring

this up? And the reason that he did and that you were

| after, he didn't give you, was that he was saying that by a

jet discharge, there was enough horizontal momentum given

} to the plume that cooling in the surface waters occurred for

an extended period and allowed the plume to cool down below
the point of maximum density before it sank.

In other words, if it had been a low velocity dis-
charge, it would have sunk when it was at a temperature of
about 43° or 4L4° F., but because Zion has a jet discharge,
it didn't sink until it reached 36° or 37° F. I think that
is what his major point was.

DR, PRITCHARD: I agree with the previous lady
that said that they shouldn't hold this conference without
you here. Thank you very much, Carlos.

MR. McDONALD: My concern was that it appeared to
be contradictory to earlier presentations by Commonwealth
Edison, not by your Technical Committee. You are not
representing Commonwealth Edison.

DR. PRITCHARD: Well, it is not contradictory to
earlier testimony because the testimony given earlier dealt

with the type of discharge which is at Zion, which we said




=W

O &8 ~NN O o\

10
11
12
13
14
15
16
17
18
19
20

21

R2 |,

23

2L |

25

876

Discussion - Commonwealth Edison Testimony
there would not be 3° temperature water or any significant
above ambient over any significant area involved during any
season of the year. We did not specifically discuss the
sinking plume problem, but since it has arisen and there have
been considerable questions about it, I then went into the
analysis and asked that the Waukegan study be done following
this question that was raised in the Technical Committee and
also in the Illinois hearings, that we look and see if we
could obtain an estimate of the excess momentum still present
in the plume at the time that the plume sank.

In other words, we went after this information =-

MR, McDONALD: Okay. I think that answers it.

DR, PRITCHARD: -—- to confirm what we had already
said.

In a very similar way, we made use of the older
model to confirm the things that we had already determined
theoretically.

MR, MAYQ: I have just a brief inquiry, Dr.
Pritchard,

On page 9 you make reference to the fact that on
both of the occasions that Bio-Test did its work that there
was a strongly developed sinking plume at the Waukegan
power station.

DR. PRITCHARD: Yes.
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MR, MAYO: I gather that if you were looking for a
situation that probably represented the worst kind of an
opportunity or perhaps the best kind of an opportunity for a
sinking plume to develop, it would be in the Waukegan config-
uration for a discharge, where you have low velocities,

DR, PRITCHARD: Well, Waukegan has a 3 f.PeS,
discharge at these discharge volumes and up to 3.5 fep.se. at
other times, so that, by chance, because of the nature of the
natural reaches of the processes of the fill that have taken
place at the discharge -~ at the end of the discharge canal,
actually Waukegan is a moderately high-speed discharge not
a low speed. There are much lower speed discharges in the
area.

MR, MAYO: So that if we did indeed have concern
for the sinking plume and its impact upon organisms, the
shoreside configuration for discharge with the Waukegan
range of velocities or less would probably be very desirable
to avoid them,

DR, PRITCHARD: Yes. 1 might say that -- I hope
I am authorized to say this —-- but I know that the State of
Illinois is requiring that the Commonwealth Edison Company
provide plans to bring Waukegan into conformity with the
existing State standards, and the winter plume is under

consideration, and 1 have developed and given to the company
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the basis for a design of the change to discharge structure
at Waukegan which I feel will eliminate at Waukegan also the
winter plume, at temperatures higher than 3° above ambient.

MR. MAYO: Thank you.

MR. FETTEROLF: I had one more question.

Dr. Pritchard, you alluded to the fact that a long,
thin plume was more advantageous environmentally than a blob-
type plume. By this, are you inferring that if a regulatory
group places restrictions of an arbitrary nature on a plume
size that it might not always be the most environmentally
benign type of thing that could be done?

DR. PRITCHARD: I am very much -~ I do that very
much so, in terms of my great concern and my conviction,
and also I think the biological evidence, that the pertinent
biological conseguences of the near field involved in the
time-temperature exposure relationship is not specifically
distance from the discharge.

And when one designs a discharge to have a small
time of exposure of an organism either entrained through
the condenser and discharged out into the plume or entrained
in the plume -- that design will naturally produce an
elongated plume, That is, you are striving towards a high
Densimetric Froude number and that is an elongated plume,

Now, if you strive for a circular -- essentially
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a blob, either through some widespread diffuser pattern, you
are going to essentially have a very much longer exposure of
the organisms entrained into the system, and to temperatures
which may be detrimental. 4nd every organism that has been

studied -- and now there are literally hundreds of agquatic

{ Discussion - Commonwealth Edison Testimony
|

| and marine organisms in which measurements have been made of
|

|

' the stress of a given temperature rise as a function of

| time, and it is clear that the temperature tolerance of an

organism when exposed to 48 hours, 24 hours, or an hour, is

quite different than to 15 minutes, 5 minutes, or 30 seconds.
And these are order of magnitude differences, in effect.

And I am not just talking about depth, I am talking about

the large amount of measurements that have been made on some
of the organisms that are pertinent here in the lake —-

the salmonid fishes, on fish fry -~ as far as escaping
predation —~ a very solid kind of test in which you take

a group of control, of salmon fry, or salmon fingerlings

you have acclimated to some temperature; you take half of
them, mark them some way so that you identify them from the
control group, and raise their temperature; keep them at an
elevated temperature until a certain time, and put both

groups into a tank of hungry predators; and after a standard

length of time, catch the predators, catch the remaining

‘ control and experimental group and count the number of




NV e 3 0 W

10
11
12
13
14
15
16
17
18
19
20
21
22

23

24 |

25

880

Discussion - Commonwealth Edison Testimony
survivors from each group. And this tells you whether or
not thermal shock -= which is not observable in any other
way -- has, in fact, increased the predation rate,

Such subtle events as this are clearly related to
the time-temperature exposure, and if you design a plume
which is related to a high velocity discharge, you are going
to cut down the time of exposure of such organisms., They
can't stay in the plume; they have got to be carried with
it.

MR. ZAR: I have a brief question.

Dr. Pritchard, do you believe that the 1.2 f.p.s.
velocity is well established at this point, or that perhaps
some sort of Froude number formulas might be utilized? How
much more data would you need in order to handle that now?

DR. PRITCHARD: Well, I think that probably that
I took a somewhat higher number -- on one of those examples
it was less than 1 f.pe.s. =— and if I used a Densimetric
Froude number at that point I would come out with the same
number because we are talking about essentially only slight
differences in the density difference between the 37° and
the 35° water. So the Densimetric Froude number would be
very much the same in the two cases,

So I am just using the velocity essentially as a

measurement. I took 1.2, and in one case it was 0.7. We
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didn't observe temperatures above 37° on the bottom.

In the other case, I took 39, which raised the
velocity to 1.17. On the other hand, there was only one
measurement out of 140 bottom measurements which was 39°
outside the immediate area of the discharge. So that I
really used a rather -- I was conservative in just taking
a high number., So I think that is reasonably well estab-
lished,

MR. ZAR: The calculation you drew for the 2.,6° F,
temperature in the Zion --

DR, PRITCHARD: Yes.

MR. ZAR:; ~~ plume -- was that based on the plume
analysis that we saw back in October of 1970, or has there
been some more recent plume analysis been done on the lower
temperatures, and so on?

DR, PRITCHARD: I have -~ since that time, I say
I have what I consider to be a living model and the model
has improved, I feel., I have literally 10 times as much data
as I had then on the plumes to confirm the model. The
model now includes the Densimetric Froude number, includes
the prediction of depth thickness, vertical thickness, etc.,
and this has been applied to Zion, And I guess -~ and [
might say from some standpoint somewhat gratuitously -- the

choice of a two-dimensional model, which was used in the
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early work, was done because of the lack of complete data
on the vertical growth. But it also was conservative in
that it eliminated any vertical entrainment., There is
evidence that vertical entrainment will take place restricted
by the increased density gradient there but that some ver-
tical entrainment does take place.

MR. ZAR: Has that work been written up in a form
that would be useful to the conferees?

DR. PRITCHARD: I am in the process of writing it.
I owe it to AEC and to a number of other agencies to get the
new thermal model out, But essentially it contains as much
of elements of some of the other sophisticated models such as
the MIT model, which I think is more consistent with data
-- even their own -- than that model.

And I would just say that the results are essen-
tially similar as far as the Zion 3° isotherm.

MR. ZAR: 1In relation to the thermal bio- -- I'm
in trouble already. I did have several questions, but I
will only ask one.

There were a few references noted in the Argonne
report, which I presume you have read, some of which seem
to suggest that the thermal bar is indeed inhibiting.

I presume you looked at those references and I

wonder if you could comment just briefly on those.
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DR. PRITCHARD: Well, I have looked at, I think,
most of the references on the thermal bar, and I don't
remember precisely the details of those that suggested
that it was inhibiting. The ones that I feel are the best
ones on these studies have indicated that the thermal bar is
a region of vertical convection. It clearly has to be a
region of vertical convection., It is not like a thermo-
cline if it is a region of maximum density difference or
density stability, but it is a region of minimum stabilitye.
And you cannot have essentially the creation of water of
maximum density without it sinking and causing convective
overturn. It is just a physical impossibility.

So that -~ I don't remember the details of the
specific statement that suggested this, except the "white
paper," which I think just misunderstood the physics com~
pletely. They have referred to it as a region of stability.
which it is not.

MR. ZAR: I have some other questions, but I will
get you some other time,

MR. MAYO: Any questions, gentlemen? Any questions
of any of the other Commonwealth Ediseon representatives?

MR. FETTEROLF: I am going to be very brief,

Mr. Butler, on page 6 you said your loss of

capacity -- generating capacity -~ the loss is $34 million.
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Per what, sir?

MR. BUTLER: That is 3$34 million for the entire
plant.

MR, FETTERQLF: Per what? For the year? TFor the
life of the plant per year, or what?

MR. BUTLER: That is a difficult question.

MR, FETTEROLF: Well, if it is a difficult ques-—
tion, maybe you could answer it in writing, in the interest
of time.

(Mr, Butler's reply to this question, submitted

following the conference, follows in its entirety.)
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MR. FETTEROLF: TFor Dr. McNaught, on page 2, isn't
your finding on the mortality of zooplankton in the raising
of those temperatures from different acclimation temperatures
something new in the zoological literature?

DR. McNAUGHT: As I said, I think we are about a
magnitude below some of this weakly supported evidence that
we have heard.

MR. FETTEROLF: This does not not conform with
Fisheries information on increased temperatures and mortalitiTs
of fish over certain time periods.

DR. McNAUGHT: But look at the size of organism
we are dealing with. I think that this is going to be a
clue,

MR. FETTEROLF: This is a new concept, isn't it?

And, Dr. Raney -- I know you are not bashful,
sir, (Laughter) -- very frankly, aren't you considered the
country's leading expert on intake design as far as preclud-
ing fish?

DR. RANEY: Well, I can only say that I have been
interested in it and I think I know all of the methods, and
over the last 5 years I have spent a good many thousands of
dollars trying to improve the kinds of intake structures
that we now have.

MR, FETTEROLF: This is your reputation as the
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country's leading expert; you are a consultant for Common=-
wealth, Have you been consulted as far as intake design and
problems by other utilities on Lake Michigan?

DR. RANEY: Yes, sir.

MR, FETTEROLF: And are they following your advice?

DR. RANEY: I think in some cases.

You can't be sure until the structures are built.
(Laughter)

MR. FETTEROLF: Well, we will look into that.

MR. MAYO: I think you were extremely complimentary
to Commonwealth Edison, Dr. Raney, when you commented on the
fact that at the intake facility for Zion, when they put up
nets with 1=-inch mesh and that you felt very confident
that for any of the organisms, fishes that would pass that
l1-inch mesh, that Zion was going to find a way that they
could gather them up some way and find a way to keep them
from going into the intake. When you consider, I think,
that the intake is 2,500 feet from shore, I think that is
a challenge indeed.

DR. RANEY: Yes, it is a challenge. And we back
up this challenge by actually doing experimental work in a
situation that is much, much worse, and that is off southern
California where we have similar intakes, and where millions

of fish actually are brought in. And after about a year's
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hard work with experimental plumes, we have reached the point
where we can make recommendations, and we are confident that
we are going to be able to cut those mortalities by 99.9
percent.

MR, FRANGOS: Could I ask a question?

Is there any way that you can generalize, on the
basis of the reports that we have had of these large kills
at intake structures, the primary cause?

DR. RANEY: Yes. There are -- basically, due to
originally poor design, where you have vertical trapping
screens located in the far end of an intake canal, what
happens: Fish get in there and they turn and face the cur-
rent; they swim sometimes for weeks until they get tired,
and they come up on the screen and go into the bins.

Now we worked out a system that we can put into
these situations., It is what we call a Murphey basket 1lift,
and what this basket does is sweeps up in advance of the
stream, dips gently -- just like pouring water out of a
pitcher —- into a sluice. This sluice then goes back iato
the lake or the sea. So that there are lifts available or
sluices where the original design was bad.

MR. FRANGOS: Thank you.

MR. ZAR: May I ask a question of Dr. McNaught?

As to your Figure 1 which includes some 1972
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zooplankton data, as I understand Dr. McNaught's answer to a
question we asked earlier about the data availability, much
of this data has not yet been made available, and a number
of our scientists have indicated an interest in getting it.

DR. McNAUGHT: To be truthful, I stole that figure
from a Bio-Test report, so I think it is on the way.

MR. ZAR: The second thing, on page 4 you referred
to upper lethal temperatures, but you don’'t indicate what
they are or what you found them to be for those organisms
or whether you have actually done that.

DR. McNAUGHT: Yes, that was by personal communica-
tion with some of the Bio-Test people., They told me that
they were much higher than some of the work that had been
done in the Mihurski group, and I have not seen the data
report yet., I only have it by personal communication.

MR. ZAR: So you don't know if the numbers are -—

DR, McNAUGHT: I don't think it would be fair to
put the numbers in the record at this time until I have a
chance to personally examine the data report,

MR, ZAR: Then there are two other questions that
I have been asked to put to you. One is: Can you place an
importance on the killing of a million pounds of zooplankton,
or 500,000 pounds or 2 million pounds, or whatever?

DR. McNAUGHT: That is a difficult question. I
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think that, as Mr. McDonald has repeatedly stated tonight,
we should place this in a total ecosystem context,

Now, we are talking about 7 percent of the stand-
ing crop passing through the condensers. This is not, of
course, the total lake standing crop; this is the portion
of the standing crop that passes through the condenser,

And it is my feeling, from my own personal studies on the
Great Lakes, that these subpopulations, as you will have it,
that suffer this mortality, will very rapidly come back to
carrying capacity once they are back in the open lake againe.
Detailed studies in the future in the plume areas will tell
us where this return in carrying capacity indeed will
occur.

MR, ZAR: Have you looked at the Bio-Test data
with respect to zooplankton or does your work on Lake
Ontario give you a feel for this?

DR. McNAUGHT: I was referring passively to my
work on Lake Ontario. I think when the animals first come
back into the plume that they probably overshoot to a slight
degree the carrying capacity that they once held. The plume
is going to make up for this condenser mortality.

MR. ZAR: I have one last question. Comparison
was drawn between Waukegan and Zion, What was done was

that Waukegan condensers that were used Wwere unusually high
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L Trs?

DR. McNAUGHT: Right.

MR. ZAR: Because of the longer intake and the
different plumbing that is in the Zion system, would there
be any differences expected as to mechanical damage that would

occur? I am thinking in part of the Grosse Ile in the EPA

report which seemed to indicate some additional effects at the

Big Rock plant,.

DR, McNAUGHT: I can't remember the data to bear
out the mechanical damage. I can say that I think that the
Waukegan experiment was unusually conservative and severe
because the organisms were exposed to something like 5
minutes instead of 3 minutes as they were exposed to at
Zione Timing is so extremely important in the shortshot,

I think the Waukegan data for heat are conservative. As far
as the types of banging around that we get in the two plants
I can't say at this time.

MR. FETTEROLF: As a last thing, I have got to
even the score up just a little.

This morning I chided the U,S. Bureau of Sport
Fisheries a little bit for not including all of Marcy's
information on the significance of those fish kills.

Dr. Raney, when you discussed Dr. Coutant's work

on the Columbia River, you said that the heated effluent
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produced no direct or latent mortalities, but the real signi-
ficance of his work was that he showed that these fish were
in thermal shock and they were much more subject to predation,
and that there were losses due to predation by squaw fish in
that river. Isn't that correct?

DR. RANEY: Yes. And these losses were, in my
opinion, insignificant.

MR. FETTEROLF: Now we are even, Thank you.

MR. MAYO: Is there any more to the Illinois
presentation?

MR. CURRIE: Let me ask the audience.

Are there other persons from Illinois who would
like to be heard at this time? I see two hands. Mr.
Muchmore first, and then the gentleman in the back, Dr.
Gustafson,

MR. MAYO: These two gentlemen should receive
medals,

MR. FELDMAN: I might thank you and your conferees,
Mr. Mayo, for having sat through this rather long thing. We
are not apologizing for having done it, but we do appreciate
your willingness to hear it.

MR, MAYO: Well, there is no need for you to

apologize, the invitation was there,
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STATEMENT OF CHARLES MUCHMORE, P.E.,
MEMBER OF THE DEPARTMENT OF THERMAL
AND ENVIRONMENTAL ENGINEERING,

SOUTHERN ILLINOIS UNIVERSITY,

CARBONDALE, ILLINOIS

MR. MUCHMORE: Chairman Mayo, conferees, ladies
and gentlemen., I will make this very brief. I know the
hour is late.

I am Charles B, Muchmore, a member of the Depart-
ment of Thermal and Environmental Engineering at Southern
Illinois University, Carbondale, and currently I am Chairman
of the Environmental Quality Committee of the Illinois
Society of Professional Engineers, who I am representing
here today.

I am here to reemphasize the position of the
Illinois Society with respect to the threat of thermal
pollution to Lake Michigan,

In April of 1970, the Society proclaimed its
position on this issue. Reexamination of subsequent data
and events has not altered the Society's basic position on
this very important environmental matter.

I would like to quote, therefore, from an ISPE
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statement issued 2 and a half years ago that we feel ade-
quately expresses our concern and recommendations concerning
the current and future development of Lake Michigan as a
valuable and irreplaceable natural resource for recreational
as well as power supply needs.

“"The Great Lakes are an important natural resource
that provide great benefits to the people of this region.
These benefits are both industrial and recreational. One of
the important industrial uses of the water in the lakes is
to provide the cooling required in the generation of elec-
tric power. Electric power is extremely important to all of
us and our need for power is increasing at a tremendous rate,

“The Illinois Society of Professional Engineers
shares in the public concern for the well-being of the lake,
However, we believe that the current standards set up and
administered by the Illinois Pollution Control Board provide
adequate protection, These are responsible standards that
provide for the greatest benefits to all without impairing
the long-term recreational use of the lake. Actually we
know a great deal about the assimilation and dissipation of
heat in the lake. We, as engineers, can and will design
the facilities that will make it possible to use Lake
Michigan without damaging ite. Our health, safety, and

welfare require that we continue with construction of
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powerplants., Some of these have to be on Lake Michigan, We
should proceed cautiously but we should and must proceed
now,"

As I say, this statement is essentially the stand
made 2 and a half years ago.

O0f major concern to the Illinois Society of
Professional Engineers, which represents over 5,000 regis-
tered engineers from varied areas of employment -~ private
practice, industry, government, and education --~ is that
actions taken to cope with potential environmental dangers
be kept in perspective. First, let us review some basic
facts.

It has been pointed out in previous hearings that
the thermal pollution danger to Lake Michigan is not one of
significantly increasing the average temperature of the
lake., Straightforward calculations assuming complete mixing
and adiabatic conditions indicate that heat loads projected
to 1980 would result, over a year's operation, in a temper-
ature increase of less than 0.1° F. The potential danger
due to thermal pollution is, therefore, definitely local
in character. I think this has been well documented.

The extent and nature of thermal effects on aquatic
biota is not fully understood. As additional knowledge is

gained, changes in recommended methods of discharge and
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areas of mixing zones may well be justified, Consideration
must always be given, of course, to the trade-off between
increased heat dissipation to a lower temperature atmosphere
by maintaining a smaller, higher temperature mixing zone,
compared to environmental effects in a lower temperature,
larger one,

Comparison of the anticipated or unknown results
of the following two alternatives to continued and expanded
use of Lake Michigan as a cooling source results in the fol=-
lowing conclusions:

Alternative 1l: Prohibit powerplant construction
at the lake, The obvious needs for greater power production
to match future needs does not make this an attractive
alternative,

Alternative 2: Require cooling tower construction
to satisfy heat dissipation needs, The uncertain environ-
mental impact of cooling towers does not at this time justify
the expense of their substitution for the lake as a heat
sink,

Thus, we do not feel that the above alternatives to
use of Lake Michigan as a cooling source are acceptable
solutions to the problem. We advocate continued use of the
lake for this purpose, and encourage more extensive studies

to determine significant effects on the aquatic biota. Should
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current and future studies clearly demonstrate undesirable
thermal effects to a significant extent, backfitting of
cooling towers to existing power generating stations would
be possible.

It is likely that aquatic environmental effects due
to slight temperature changes would be relatively reversible
in nature, compared to those resulting from chemical contam-
ination. Overemphasizing potential harmful effects of thermal
pollution may tend to diminish our efforts on preventing de-
terioration of the lake quality as a result of other pollu-
tional sources, an inherently more irreversible danger to
future generations' enjoyment of Lake Michigan waters.

And to point out specifically here, I think we
could draw upon yesterday's comments concerning phosphate.

I believe the economic picture came into view very clearly
there, and I think that we all recognized that whether we
paid for our environmental improvements through local taxes,
the water bill, higher utility rates -- one way or another --
there is, of course, an upper limit to what our economy can
stand.

I believe yesterday the conferees arrived at a
ballpark figure of about a tenth of a cent per capita per
day as the incremental cost to enable us to attain that
1 mg/l phosphorus standard compared to the 2 mg/l. I

believe this figure is about in the ballpark of the
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additional incremental costs that we are talking on a per
capita basis if we talk putting in cooling towers rather
than using straight-through cooling of the lake on the cur-
rent installations. And perhaps someone from the industry
could clarify this. I think they are in the same ballpark.

In other words, I think we have to look carefully
here at what has to be done and where the money can be spent
that will have the greatest impact on the lake. And from
our point of view, the case for phosphorus is a lot more
clearly interpreted, better documented, than is the thermal
question at this point.

I thank you.

MR, McDONALD: Mr. Muchmore.

MR. MUCHMORE: Yes.

MR. McDONALD: On that tenth of a cent added
cost for cooling towers, I wouldn't expect you to develop
this now, but I would be very interested in having you
submit this, on how you arrived at your calculation.

MR. MUCHMORE: Well, we could rough it out here.
Could we take a 3 percent =-

MR. FETTEROLF: How about submitting it in writing?

MR, McDONALD: I'd rather not. But that tenth of
a cent is a very interesting --

MR. MUCHMORE: My off-the-top-of-the-~head guess is
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that is probably low. But I think it is in the same ballpark
as the number youwere talking about with regard to phosphorus
yesterday. I think they are comparable costs.

MR. McDONALD: See if you can refine it a little
and maybe you can send it in to us.

MR, MUCHMORE: Surely.

MR. McDONALD: Thank you.

(Mr. Muchmore's submission following the confer-

ence follows in its entirety.)




Please reply to:

2121 West Taylor Street
Chicago, I11inois 60612
Phone 312 793-3730

Four State Lake Michigan Enforcement Conference

October 2, 1972

Francis T. Mayo,
Regional Administrator
USEPA

1 North Wacker Drive
Chicago, I11inois 60606

Dear Mr. Mayo:

During the recent session of the Four State Lake Michigan Enforcement
Conference, Charles B. Muchmore representing the I1linois Society of
Professional Engineers made some statements concerning the thermal standards
for Lake Michigan. In his statement he related to per capita costs asso-
ciated with the requirement of backfitting of cooling towers for existing
power plants on Lake Michigan. He has submitted a letter dated September
28, 1972 including some data to substantiate his comments. I am including
six copies of his documents and request that it be included in the record
of these proceedings and if you deem necessary, forward it on to the other
conferees.

Thank you for your consideration of this matter.
Very truly yours,
ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
Co Vv  Blo~

Carl T. Blomgren, Mana
Standards Section, DWPC

CTB:dk
Enclosure

2200 Churchill Road U Springfield, {llinois 62706 . Telephone: 217-525-3397



Southern Illinois

University

CARBONDALE, ILLINOIS 62901

School of Engineering and Technology
DEPARTMENT OF THERMAL AND ENVIRONMENTAL ENGINEERING

September 28, 1972

Conferees, Lake Michigan Enforcement Conference
September 19-21, 1972

Gentlemen:

Enclosed find the information requested by Mr. James O. McDonald concerning
the estimated economic impact, on a per capita basis, associated with the
requirement that backfitting of cooling towers be required for existing
power plants on Lake Michigan.

I did obtain a more accurate figure on current per capita electric service
expenditures (I used my own electric bill for an approximation at the time
of my statement at the Conference) by contacting Mr. Joseph McCluskey,
Director of Environmental Affairs for Commonwealth Edison. The calculated
result is not significantly different from the order of magnitude estimate
that I stated at the Conference,

I hope this clarifies the intent and basis for my statement at the Conference.

At the time of my testimony, the hour was late and detailed discussion at
that time seemed inappropriate.

Yours truly,

Charles B. Muchmore, PE.

CBM/dk .
cc: Mr. J. McCluskey, Director of Environmental Affairs

Commonwealth Edison

Mr. W. Dart, Executive Director, Illinois Society of Professional Engineers



Supplemental Testimony at Lake Michigan
Enforcement Conference, September 19-21, 1972
by Charles B. Muchmore, P.E.,

Chairman of the Environmental Cuality Committee
of the Illinois Society of Professional Engineers

My comments following presentation of my written statement were
intended to emphasize our concern that in setting regulations governing
the use of Lake Michigan water, full recognition be given to the relative
costs involved and potential benefits to be gained.

At the Conference the previous day, the guestion of additional cost
associated with attaining a 1 mg/l phosphate effluent standard, rather
than the previously suggested figure of 2 mg/l, was discussed. An approx-
imate figure of 0.1¢/capita-day was mentioned. Computed on a similar
basis, the cost associated with backfitting cooling towers to existing
power plants on Lake Michigan gives a figure of 0.34¢/capita-day (see
calculation below).

Considerable concern was expressed by several of the conferees over
the expense of the more stringent phosphate removal requirement. Clearly,
the cost associated with backfitting of cooling towers is in the same
order of magnitude. When one considers the relatively well-documented
evidence indicating the need to keep as much phosphorous as possible out
of the Lake, compared to the contradictory and, in my opinion, insufficient
evidence concerning potential harm due to thermal effects, it seems
reasonable to question the desirability of requiring backfitting of cooling
towers.

Of significance, too, is the fact that the increased cost of phosphorus

removal is principally a chemical cost. Should future studies of the Lake
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or new technology dictate that the removal of phosphorus by precipitation
techniques is no longer justified, there would be no problem in changing
the requirement. Not so with cooling towers. The financial committment

resulting from a requirement to back-fit cooling towers is a long term one.
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CALCULATION:

Basis:

Average annual residential billing,
Commonwealth Edison, 1971 $159.00
(Source: Telephone conversation 9/22/72
with Mr. J. McCluskey, Director of
Envirommental Affairs, Commonwealth

Edison)

Cost of backfitting with an evaporative
tower system: Nominally a 3% residential
(Source: Mr. Tichenor's testimony rate increase

given at the three state hearings, as
reported in Summary of Recent Technical
Information Concerning Thermal Discharges
Into Lake Michigan, Argonne National
Laboratory, U.S. EPA Contract Report 72-1,
p. 105)

Assuming an average family size of 4 (perhaps a bit optimistic for the
future, but current reports are encouraging), the average per capita
daily billing is 11¢.

Applying the 3% increase that would result from backfitting cooling
towers gives a daily per capita increase of Q.34¢.
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MR. MAYO: Mr. Currie.

MR. CURRIE: Dr. Gustafson.

While he is coming up, I have written statements
I have been asked to have entered into the record as if
read. They are from Paul R. Harrison, from Ann Chellman,
from Mrs, Catherine T. Quigg, from Dr. James E. Carson, and
from Arthur Pancoe.

(The documents above referred to follow in their

entirety.)




Statement Before the Atomic Energy Commission Hearing on
Effects of Thermal Discharge on Lake Michigan

September 19, 1972

Gentlemen:

The purpose of the Chicago jbchnical Society Council Ecological
and Environmental Committee at this hearing is"to attempt to provide
objective criticism of the past, present and future assessments of the
effect of thermal discharges on Lake Michigan and surrounding environs.

It is obviously difficult to predict with certainty the effect
of these new, large energy inputs into the local biosphere when they
have not occurred under like conditions at any other location., However,
it is not difficult to say that there will be ecological effects for
certain-no matter how or where this massive amount of energy is released
in such small physical scales. The basic concept of entropy states that
there is a minimum amount of energy that can be recovered in any energy
conversion process. It must be, at the very least, the primary resolve
of any controlling agency to minimize any excess above this basic physical
principle. Conversion of nuclear energy into steam energy, and finally
into electrical energy, and the transportation of that electrical energy
to inefficient electrical devices does not in any way maximize energy use.
This is especially true when one sees that the majority of the steam energy
is wasted by cooling by large amounts of water and then this excess energy
dumped into a small area creating sure changes in the local ecology. There
have been many arguments brought forth concerning the use of atomic power
plants, dumping of waste energy (which we do not consider useless), and

subsequently using that electricity in extremely inefficient ways. We feel



that this Committee cannot ignore this inefficiency because the subject of
today's discussion is a prime example of that inefficiency and lack of
creative ability and resolve to use this thermal energy in a productive way.
We are reminded of the Ruler in Adu Duabi in the Middle East who spent
millions of dollars, indeed billions of dollars, in securing atomic power
plants, not for the sake of creating electricity, but to use the heat and
the steam process in an atomic power plant to create pure water and to
create heated water for irrigation in large areas of greenhouses in order
to produce fruit year-around. In other words, a creative use of what is

considered in our country as waste heat., It is apparent that the primary

,{7..4'/‘,1 -‘,J/

concern of the power company and AEC has been the production oaﬁpowér
rather than the efficient use of energy. Likewise, it requires creativity
and larger assessments of the total problem, which seemingly, bewilders
both the Atomic Energy Commission and the American Power Company con-
sortiums. The remaining possible reason for this lack of concern could be
that they truly do not care about the environment. But, as a modern day
Will Rogers, I only know what I see on television. These advertisements
tell me that the electric companies do, indeed, care about our '"'total en-
vironment',

Assuming we are stuck with this "waste' energy, why is it then
that the controversy still reigns as to the environmental impact of these
monsterous energy generators?

In our opinion, the causes can be summed up in that there is a
lack of basic foundation to make proper decisions. As is the case in most
ecological problems currently in vogue, there are many computer massagers
and modelers who take very questionable data, take data out of context, and

mis-apply basic concepts so that the final result after much computation



and brilliance in mathematics come out with a very nice conclusion which
"yemains to be shown''. The record shows that this is the past case and also
the present case.
Gentlemen, it is very difficult to make decisions using models
based upon scant and inadequate, and in some cases, incompetent data.
To be creative, we would like to highly recommend that a thorough oceanographic
study be undertaken and properly reviewed before a license is given for the
building, let alone the operation of these power producers. This study
should be intra-disciplinary in nature and consider the following:
1. Models should fit field data - not the data - the model
wherever—this—~—is—necessaryand/or—desirable.,
2.a) Can a model be fitted to all important variables?
b) What are the important variables?
¢) To what extent do variables interact to produce auto-~
matically what may be best described as a complex polynomial?
d) How valid are simplistic models compared to the higher
order reactions which may actually occur?
e) 1If any one site data must be modeled specifically for
that site - is it best to construct a limited model or obtain
definitive data for each site? We think each site is unique.
Some variables that need to be adequately monitored concerning
thermal plume are:
1. Geology
a) Bed rock
b) Sedimentation
c) Geologic processes (Chem. & phys.) e.g., Analytical reaction

with heat, acids, etc, Current rate and
carrying capacity.

d) Ground water inflow (hydrology)



Bathymetry
a) Geomorphology
2. Geochemistry
e.g. Carbonate balance; reaction rates
3. Climatology
a) Heat and vapor affects on the local environment
b) Winds and currents
¢) Pressure systems
4., Biology ( per se and in response to water quality)
a) Phyto and zooplankton within and beyond the thermal plume
b) Speciation of fish (birds)
c) Effects on N, S. & C. cycles - as heat input may in-
fluence microflora present
d) Biochemistry of water relative to biota present

5. Engineering

a) Design of site in accord with the above

b) Physical, thermal and pressure shock characteristics on biota

6. Monitoring of plant effluents on the environment

Some of the above parameters are alreatdy considered but are not
measured adequately or given proper weight in decision making.

It is obvious that the local current measurements are entirely
inadequate. In fact, many of the assumptions as to current directions are
completely wrong. I point to the Michigan City breakwater and the Traverse
City situations as primary examples on Lake Michigan. These current studies

must be conducted over six months at the minimum and a year or more, as

desirable.



We cannot understand, or at all agree, with the statement that
geological measurements are not necessary. I point to outfall erosion
problems and other geo-chemical considerations carving away at other
locations on Lake Michigan, both nuclear and fossil fuel plants.

Much of the lake shore has not been properly mapped in order to
show before and after situations due to the discharge of water, let alone
its temperature considerations. It has been shown by Miss Edith McKee
that a detailed one-foot interval map of the lake bottom within a few miles
of an outfall can adequately describe much of the currents, Laminar and
turbulent flows are easily discerued in these mappings.

A study should be made of the chemistry of the water and the
effect of the reactor on the chemical equlibriumwhich has been established.

We must determine the interaction between the various parameters
measured.

The above parameters are the ones which seem of current concern.
However, as in the case of all dynamic problems, the parameters being
assessed must be continuously reviewed and may change with time.

It is required that two years of climatological data be made
before a license is granted to atomic power plants. We ask simply, - why
not an equal amount of time for oceanographic studies (or oceanographic
climatology, if you will) to be conducted for two years prior to issuance

of a license? To our knowledge, these types of studies have been only in

a peripheral and cursory manner, I am sure none of the persons in this room

would like to live next to a reactor in which the safety research was done

in a similar inadequate manner.



All of the above considerations and suggestions are not at all
prohibitively expensive, especially considering the back fitting and
possible future damages and reparations that may be necessary due to the
fact that these studies were not made.

It is our recommendation that adequate studies be made as soon
as possible of the above parameters, as well as those currently under study.

It is recommended that no new facilities be built until new
guidelines and adequate basic, physical studies are made in order to obtain
adequate input data to these sophisticated models. Without this basic data
they are full of brilliant sound and fury and signify nothing, or at the
best, signify the wrong decisions, which are not only dangerous to the
health and well being of Lake Michigan, but our own enjoyment and
guarantee of adequate fresh water supplies for other activities, both
recreational and industrial.

If Lake Michigan, or any other lake, be it large or small, turns
into a eutrophicated cess pool other industries and users of this large
heat sink will be severely restricted and will pay a dear price, as well
as the civilian sector.

Gentlemen, in summation, it is our opinion that the following
basic criticisms can be made:

(1) Proper use of energy is not and will not be a reality until
a re-assessment of the basic thinking of the Atomic Energy Commission comes
about so that they may assess the entire enrgy cycle of nuclear reactors
and the energy produced from them,

(2) There is much too much reliance upon computer modeling

without obtaining basic physical measurements.



We would humbly recommend that those who earn their living or
supplement as the case may be, by consulting with both your agency and/or
the utilities, should obtain more detailed and more pertinent physical
measurements in the field and get their "tail feathers wet" in order to
make these models and mathematical gyrations more meaningful, We would
suggest that they spend as much time in the field as they do on the models
and the amount of time on the models as they would usually spend in the
field. I think that all of us would be much more capable of making good
decisions and designs by the proper use of this ''waste energy' dumped in
our increasingly fragile enviromment.

Thank you for your attention.

Paul R, Harrison, Ph.D.
Chairman

Ecology and Environmental Comm,
Chicago Technical Society Council
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Lake Michigan is the single major natural resource in the Chicago area.
One of the basic atiributes of the lake is its large volumn of relatively
cold water and its attendant populations of cold water flora and fauna.

Ecologists consider temperature the primary control of life on earth and
fish, which are unable to regulate their body temperature, are particularly
sensitive to changes in the thermal environment.

Elevated water temperatures present a real threat to the aquatic ecosystem
of the lake. Temperature levels that fall short of lethal, but may be
considered unfavorable, can aversely affect the animals' metabolism, feed-
ing, growth and reproduction., Even though a single game-fish species may
be able to adapt to the temperature variations, the feod chaih envolving
smaller fish, invertebrates, plants and dissolved nutrients is more sen-
sitive. Any envirommental change that seriously affects the proliferation
of any link in the chain can affect the harvest of game fish.

Thermal discharges add stress to the lake already polluted by chemical
wastes of shoreline industries, The capacity of water to carry