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apologies to you all. -
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PROCEEDINGS

e ot ek it —ew it ot wovn e

{(2:20 p.m.)

CHAIRMAN JENSCH: Please come to order.

This'proceeding ¢f the further evidentiary session
in the matter of Consolidated Edison Company of New York,
Incorporated, with reference to Indian Point ~acility Unit $#2,
as reflected in Atomic Energy Commission Docket No. 50-247,
of this proceeding is convened in accordance with an order
designating this place for the next evidentiary éession of the
proceeding.

The time mentioned in the last previous order was
1:30 to convene. The Board has schedules provided to

accomplish that objective apd\be hear at 1:30, but after arrivi

i R

~

on schedule at the Grand Central Terﬁinal, we have encountered
six land slides on the track between here and New York, and
wonsequently we have been delayed until this time.

On behalf of the Penn Central Railroad, we extend

\\

The,appearances, on behalf of the Applicant,

‘Messrs. Trosten, Sack and Cohen; on behalf of the Regulatory

Staff of the Commission, M. CKarman; on bhealf of the Hudson
River Fishermen's Association, Mr. MacBeth; the New York State
Atomic Energy Council, Mr. Martin.

- I do not find any representative here of the

Environmental Defense Fund or for the Citizens for the

g
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’

! Protection of the Environment.

P9

MR. MACBETH: My. Chairman, Mr. Roisman asked me

@9

to say hz would not be here today.

. 4 Ef As far as the contentions and positions of the
8 Environmental Defense Fund, he felt that I could represent those
g I and essentially those of the Hudson River Fishermen's Association.
v On behalf of the Citizens Committee, he wanted me
8 to say that he felt the environmental issues would be
2 sufficiently covéred by the other intervenors, Hudson River
% Fisherﬁen’ﬁ Association, and Egvironmental Defense Fund,
% and theféfore they felt no need to be represented by counsel oh
12 these issues.
33 CHAIRMAN JENSCH: Very well.

. 14 ' MR. MACBETH': ﬁe also would have bezen unable to »‘E}C_I;&
15 here this afterncon with present transpottation, '
16 MR. KARMAN: Mr. Chairman, prior to the B0ard's
17 arrival thislafternomn, Congressman Hamilton Fish'was-present
16 and had hoped to read intoc the record a limited appearance

statement. It seems he had written the Chairman before and

20 was told to be present at the hearing if he 30 desired to have
21 the statement read. If there was no objection, in all likeli-
22 hood, it would.be accomplished.

. 23 | Congressman Fish handed to me his Vlimitéc}
24 | aépearance statemént, It seemad he had an apﬁointment to get

D3
4

back to Washington and he had hoped to leave and get back sone
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E; éime today.
2 e All the attorneys present today have agreed not
$ ﬂ to object to the inclusion of Congressman Fish's statement as
4 g a limited appearahce staterent in this proceeding.
& g CHAIRMAN JENSCH: Very well, if there is no
8 ﬁ objectiocn, the statement may be handed to the reporter and
7 copies in the transcript.
8 - MR. KARMAN: lere you are, sir.
2 {THE COMPLETE TEXT OF THE DOCUMENT FOLLOWS:
10
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STATEMENT OF HAMILTON FISH, JR., MEMBER OF

CONGRESS, 28TH CONGRESSIONAL DISTRICT OF NEW YORX:

Mr. Chairman, I am Hamilton Fish, Jr., Member of
Congress representing the 28th éongressional pDistrict of New
Yoik. My present district includes four counties which border
the Hudson River and the entire area I represent has had a long
continuing, historic interest in #he Hudson for transportation,
fishing and recreation. Further, I am now running for reelec-
tion in the new 25th Congressional District, which contains
Dutchess, Putnam and Northern Wesichester Coumties, as well
as parts of Ulster and Columbié Counties. All of thése'coun—
ties border on the Hudson River. Most significantly, the
Indian Point Plant is physically located in the new 25th.

Thus, it is for the purpose of protecting these
traditional interests of wmy present and future constituents
that I am méking this limited appearance before you today. I B
am appearing . to express my concern over the possible conse~
quences of a nuciear accident at this plant, as wellvas the
environmeﬁtal‘ and public health implications of the proposed
routine emission of radicactive materials from this plént into
the water and into the air.

THE GRAVE RESPONSIBILITY OF THE ASLB:

Mr. Chairman, you and your colleagues have 2
grave responsibility, one that demands the best of scientific

and technological competence on one hand and the rare ability
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to integrate into your deliberations, consideration of
public welfare on the other.

You have before you a record in which the utility
arqgues strongly about the need for this additional generating
facility and warng of the potential power shortages that could
occur should this project be delayed. AIt further'assexts
that the anticipated environmental effects are at least
balanced in the scale of public values by the benefit of the
electrical output of the plant. J

To counter the powerful voice of this utility
which is well amplified by the voices of its experts, there is
only the voice of the intervenors, who lack the resources to
lauich tﬁe exhaustive analysis of the assumptions, ovetsights}
or even possible errors in the analyses of the utility and of
the ABC itself.

So the fundamental thought I would leave with you
is that this Atomic Safety and Licensing Board should assert
to the utmost its independence under AEC regulations, and that
it probe deeply and incisively into the assertions df the
utility. Further, that it treat with close attention the views
of *the intervenors,bfor in those views may be contained the
kernals of some fundamental ﬁruthS'that bear diregtly upon

the issue whetcher this plant should be licensed to operate, and,

if so, under what special conditions.
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" the Congress I was an original cosponsor of this legislation

ATTENTION TO NON-RADIOLCGICAL FACTORS:

Mrx. Chairman, at this stage of the licensing
process for the Indian Point 2 nuclear power plant, you have ta
deal with the non?nucleax environmental effects. You well
know the Calvert Cliffs decision, with its judicial reading

of the National Eunvironmental Policy Act. You may know that irn

and have since been a vigorous supporter of it. Because of
the interest of my constituents iﬁ the Hudson River, in
preserving its quality and character, i particﬁlarly welcomed
that paft of this decisiorn having to do with AEC's responsi-
bility to consider the effects of nuclear power‘plants on
watér gquality.

T would recall for the Board part of what Judge

Skelley Wright wrote. He said, and I qﬁote,

"NEPA mandateés a case by case-balanciné
judgment on the pait of federal agencies. In each
individual case, the particular economic and technical
benefits of planned action must be assessed and
then weighted against thé environmental costs;
‘alternatives must be considered which would affect the
balance of values...In some cases, the benefits and
possible costs may lie anywhere on a broad spectrum...

The point of the individualized balancing analysis

is to ensure that, with possible alterations, the

|
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.foilowed the enactment and subsequent application of‘ﬁhe
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"optimally beneficial action is finally taken."

Going further, the C@urt made it abundantly clear
that whiie the granting‘of‘a license by the Aﬁc is contingent
upon & wa ter qualiﬁy certificatiang‘the AEC is not precluded
from demanding watexr poliution controls from its licencees
which may be more strict than those demanded by the certifying
agency. The Court clearly expects the Commission to balance
the overall benefits and costs of a particular proposed
project, and consider altexations azbove and beyoﬁd the
applicable water quality standards which would further reduce
environmental damage. Yours is the heavy responsibility of
giving substance to this judicial reaffirmation of the
purposes of NEPA.

THE NATURE OF MY PARTICIPATION:

At the outset let me say that I do not pretend
to know abcut the ihtricacies and subitleties of design of
a nuclear power plant. I am not a professional nuclear
engineer, nor a health physicist, nor an expert in the effects|
of ﬁaste heat and what to do abbut it. I am ncne of these.
Rather what I have to say reflects my continuing awareness as

a Member of Congress who has strongly supported and closely

National Envirenmental Policy Act.
THE DISADVANTAGE OF TﬂE INTERVENOR:

In preparing this statement of concern, I have
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come to learn something more of the built-in disadvantagés of
ANC's licensing of the svstem to the intervenor; disadvahtages
which from my standpoint may make it too easy for the powerful,
wealthy utilities to use big name experts to stifle the voices
of the intexrvenors. So I would hope that the Board will
1isten carefully to what the intervenors have to say.

Despite possible expressions of impatience by
the AEC, the utility or the nuclear industry with the
pace of these hearings, I would hope that the poard will give
the intervenors the full measure of time they will need %o
effectivaly make thair case. The additional :ﬁime this will
take will be infinitesimal in comparison with the loss of
time attendent upon a nuclear accieént in a plant too hastily‘
licensed.

THE FISHKILL ISSUE:

Probably the most immediately pronéunced environ-
mental effect of Indian Peint 2 wili be its impact upon the
microscopic plants, animals, and the fish of the Hudsoq River.
We already know from experience with Indian Point 1 and from
recent experiences with tesﬁs of the water pumps for Indian
Point 2, that fish are being killed and will continue to be
killed by the systemé for taking cooling water from the river.
Tn this connection, 1 wouid"draw your attention in particular

to the statement of the Hudson River Fishermen's Association,

submitted to this Board on June 1, 1972,

|
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From my own reading of the draft environmental

gtatement for Indian Peoint 2, it is clear that the AEC's

- own regulatory staff see some real and as yet unresolved

problems with regard to unacceptably severe effects of this
power plant upon the fish and other mavine life of the
lindson River. The Staff raises guestions about the design of
theintake structure; the thermal load level; the possibility
of waste heat reducing the oxygen contents of the waters and
the resulting toxic concentration that will be p;oduced ip
the Hudéon River.

Further the AEC staff report on page V-3l discusses
the substantial fish kills earlier this year and notes that all
+he fish kills at Unit No. 1 appear io have been associated
with fhe plani’s condenser cocling water system. The draft
statement then says, "Indian Point Unit No. 2 has an intéké
structure similar to that of Unit No. 1, and is likely to
produée gimilar fish kills.”

Mr. Chairman, I realize that a great deal of

attention has been given to this one environmental effect

of Indian Point. Perhaps the utility may argue that a few

fish are not worth all thié fgss and bother. I can assuré
you that we who live in the communitiés and counties along

the Hudson River do not see it that way. If the utilities
insist upon using modern technologies that can adversely affect

the environment, then these technologies must be house-broken.
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~ way to cope with the cooling problem may be to put in cooling
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In the case of protecting the fish, the most reliabie

towers. This would resolve the sffects of waste heat upon
microscopic plant life in the river, upon the plankton

which is essential to the life cycle of the fish and other
creatures. and upon reproduction and vitality of the f£ish popu-
iation. 1t would also reduce the killing of fish and marine
life from entrainment in the cooling @system and from
impingement upon the gﬁards and othef barriers of the cooling
system inlets.

Putting it another way, there is ho'chial justice
in the concept: that in E order to save the Applicant's money,
that the Yudson River aﬁ Peekskill should be turned into an
aguatic desert. The technical means exist to keep the waste
heat from Indian Point 2 out of the river. I submit that
this Atomic safety and Licensing Bbard should give every
consideratioh to making construction and use of cooling towers
a condition of the operating license.

THE REACTOR ACCIDENT. ISSUE.

A less iikely, but potentially enormously drgent
cause for public concern, is the possibility of certain'kinds
of accidents occurring within a large nuclear power reactor

of the Indian Point 2-type which could lead to an uncontrolled

~

release of a dangerous amount of radioactive wastes. Certainly

‘the Board is aware of the questions on the so-called emergency
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core cooling issue which are being raised at the controversial
rulemaking hearings still going on before another Atomic Safety
and Licensing Board.

I would hope, for example, that this Bdérd will
examine the statement of the Uﬁion of Concerned Scientists
of March 23e, 1972, in which it submiﬁted a technical evaluatio
of emexgéncy core cooling systems. According to their
analysis, under unfavorable meteoroliogical conditions such as
a temperature inversion at night, and assuming 20 percent
release cf the fission product inventory, lethal effects could
extend 75 miles downwind in a strip as much as two niles
wide, with radiation injuries likely £rom 100 to 200 ﬁiles.

Now I do not personally know how valid is ihe
analysis of the Union of Concerned Scientists° But I must

N

assume that because it is the product of reputable scientists, |

at as eminent an institution as Hassachusetts Institute of

. Technology, that it has some basis. This suggests to me the

need for some very definite answers to the‘questions they rais
before Indian Point 2 is licensed for operation.

I would hope that at the very least, this
Board will restrict the power output of Indian Point 2 to a
jevel well below its maximum design output until the research
and experimentation needed to demonstrate the adequacy and

reliability of these and other safety features of large power

reactors has been satisfactorily completed.
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The facts that such results would not be available
for several years at the earliest and that such limitation would
reduce the incoms to thg utility do not constitute sufficient
reasons in my opinion to subjecé.the surrounding communities
.§ to whatever degres of risk of an uncontrolled nuclear accident
that may be revealed by future safety research and experi-
‘wentation.
B THE PR@XIMITY"'réT f»fi’OPUiJ’zTION:
9 At this stage of the evclution of the nuclear
to industry, I am greatly concerned about a project which would
3t ultimately place four nuclear power reactors sc¢ close to large
12 centers of population. While the Board already has in hand
i3 informétion on this pepulation, it bears reiteration that the
. 34 indian Point complex is located only a few miles south of
5 Peekskill, that a population of over 50,000 is to be found
i€ within a five-mile radius, that the thriving ecity of White
17 " Plains is but 17 milez away, éﬁd that all of New York
38 métrapolitan area is within a 50-mile radius.
19 With Indian Point Unit 1 and 2 in operxation, they
‘ .20 together will contain an inventory of many billian curies of
21 Ffission products, which is an amount of radioactive materials
22 so enormousg that X cannqt compréhend it. Of course the
‘I’ - 23 Applicant will provide an impressive array of witnesses to
24 testify that the protective devices and measures to safety
i . =8 confine these extremely hazardous materials to work as
a%

o
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advertised.

I hope that as the Board considers the population

~issue, it will keesp in mind the cauticnary letter of the AREC's

own Advisory Committee on Reactor Safeguards of September 1969
which pointed out that the proposed site represents a rela-

tively high population density to be so near a lafge nuclear

‘power plant. At the end of its hearings, should the Beard

decide to issue the construction permit, I hdpe the conditions
of the permit will insure that the safety measur;s are
genercus, rather than the bare minimum which the Applicant
thinks it can specify and still get favorable action.

THE ROUTINE EMISSION OF RADIOACYTIVE WASTES ISSUE:

Indian ?oint 2 is desigmed to routinely emit
certain radigactive wastes to the envircnment. The draft
environmental report is specific on this matter. It says
that the plant is designed to release radioactive materials
to the environment "...in accordance with the Commission’s
regulaticns aé set forth in 10 CFR Part 20 aﬁd 10 CFR 50."

| I realize that the amounts of rédioactive wastes

so released are thought to be so small as not to warrant the
expense of collecting them. On the other hand, I am aware tha
principles of radiation protection hold that,exposﬁre should

alwvays be as low as practicable, that no exposure should be

allowed without expectation of benefit, and that all radiation

is potentially harmful. To me these principles clearly
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t indicate that if it is technologically feasible to contain ever
2 these small amounts of wastes as an alternative to discharging
. 3. them into the environment, then eccnomics should not be the
. 4 deciding factor. |
9 ' Also, as concerns emission of "small" quantities,
é .it is by no means evident to the public what is meant by
? _"small"'an&, furthermore, whether "small" rouvtine emissions f£rgm
| @ | nany lérge nuclear power plants in the same air and watex
| 4 ; sheds ccould lead teo accumulations of unacceptablé quantities.
§¢ | The issue of levels for routine cmission of such wastes is :
ik ! still very much an open item. The AEC's public rulemaking
2 g' héaiing on its regulations which would keep releases of radio-
3 u activizy from light water cooled nuclear power plants to a
‘ 4 i  level "as low as practicable” has yet to produce any new
88 y definition.
L Considering this uncertainty as %o the basis for
17 AEC regulations governing routine release of radioactive
22 materials, I find it difficult to see how this Board at this
12 l time can adeguately analyze those features of the Indian Point
20 2 that relete to such release. While in . principle, a licenseé
2% N couid be directed to make changes after the final regulations
22 come down from theIEEC, ny experience with human nature and
' 23 §| organizations and their .administraticn strongly indicates
24 that public safety would better be served by waiting until
‘ 28 | aEC concludes its rulemaking for this matter, rather than
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much he must inform and defer to higher authority and await

. the first year of itsAoperatiOn'with authority to shut down the

D
b e

LR vty St s .

trying to get the utility té-chaﬁge the design after the fact.
THE AUTHORITY OF TEE REACTOR OPERATOR;
Anotherimportant queétion concerns the authority
ofthe man at the controls to_shutiéowﬁ.the'reéétgr. I would
hope that thg Board Wiil carefully explbre and find out who hag
the authority to shut‘éown the reéctor should some aspect of
its operation indicate that SOmething is not normal. From
some things I have heard, it is 5o£ c1ear“£o ﬁ;'how much tﬁé

man in the control room can exercise his own judgment and how

their decision. It would seem to me to be more in the public
interest that a power reactor may oc&asionally be shut down
for reasons thatlater prove to be'minér, réther than that it
be operated up to the brihk of diéastef because nc one is
readily accessible with pefsonal éuthoiit§ to shut it down.

In a similar vein, the Board may wish to indicate
its view as to‘éhe desirability of having a resident AEC

official present in the control room of the power plant during

raactdr or o reducé itsvaWer level at any time in his
judgment, without seeking concurrence from higher authority.
Just as the launching of an enqimously ekpensiﬁe spacé
rocket is subject to the judgment of ‘a ran@é'safety‘officer,

so, too, the initial operation of a large nuclear power plant

should be subject to supervision by an officer present in
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shortage in the service area of the applicant. But the AEC

adequacy of its analysis of the true dimensions of this
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the control roovm with personal authority to shut it down if, in
his opinion, there is any question of safety.

THE NEED FOR POWER ISSUE:

Let me finish with a brief discussicn of the

energy neads issue. Granted there is much talk of a power
draft environmental statement seems deficient to me in the

factor. The AEC seens to rely too much upon the self-
serving statements of the appiicant and the analyses of the

Federal Power Commission which bases its reports on utility~-
1

H
M

supplied information. This situation reminds me of the recent
decision in the U.S. Circuit Court of Appeals in Greene
County versus the Federal Power Commission, 3 ERC 1595; I
participated as a formal intervenor in this case where the
FPC considered a utility’s'réquest for authority to
construct a power transmission line.

The Couri held that the FPC had to prepare its
own NEPA review, that it could not simply accept the review
of the Applicant and circulate that for comment. I bring
this up in connection with the iicensing of Indian Point 2
because so much of the urgency associated with this action
is based upon analysis of the power demand situation. It
seems to me that the logic of the Greene County case would

require the AEC to moxe independently analyze the electricity
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I mentioned earlier in connection with the issue of reactor

‘accidente.
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supply and demand situation, and also the alternatives to
immediate operation of Indian Peoint 2.

I hope the Boarﬁ would require a thorough,
independent, tough-minded analysis cf the power situation
before it reaches any conclusion that the demand for electricif
in this instance is so immediate, real and urgent that the

public should be subjected to the still-unknown risks that

CONCLUSION @

In conclusion, my overall purpose in this statement

of concern is precisely what its title indicates: to express
o the Atomic Safety and Licensing Board which will hear
testimony on the Indiah Point 2 project the concerns and
doubts of this Member of Congress. I hope that this expres-
sion will sharpen the perception cf the Board:in its uiilizatié
of the awesome decision they will make, and reinforce their
realization of the need to be conservative and rigorous in
its judgment. Finally, in making this judgment, I hope that
this Board is guided by the‘spirit as well as the letter of
the National Environmental Policy Act.

Thank you.
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CHAIRMAN JENSCH: Prior to the session today,
the Board ingquired of the parties concerning the agenda that t
parties would propose for consideration by the Board for
this session of the evidentiary hearing. There.wexe responses
to that inguiry indicating ﬁhat certain matters of environment!
concerns would be ptoposed for this session.

In addition, there was a sgggestion that the
parties were centinuing their endeavors to arrive at
stipulations that would provide means for expediting the
consideration of the matters and prasentations'of this
session of the hearings.

I +hink we should hear a little further in that

regard before we make inquiries as to the readiness of the

parties to proceed with the presentation of evidence.

Will the applicant give us a statement in that
regard, pléaéé?

MR. SACK: Mr. Chairmany Mr. Macbeth and I have
been working on stipulations. We have made substantial
érogress but I don't think we are complete. We are not pre-
pared to submif them yet.

ﬁe are working on stipulations on fish impingment
experienée and the need for power during the period October 1,

1962 tc June 1, 1973. Wle hope these would be rveady in the

near future.

CHATRMAN JENSCH: Can you put a finger on that

ne

al




jrb5

&3

15]

17

18

i

20

2t

4 . 577¢
time? How soon will you arrive at something?

MR. SACK: Maybe HMr. Mabbeih can answer that.
We gave him our comments last Friday. |

MR, MACBETH: I think wiﬁhin ten days, Mr.
Chairman, we could probably have a stipulation.

I'd like to just say a few words about the
status of the dealings between the parties.

Since the last evidentiary hearing in May, I
think all the parties have made a substantial effort to try
and settle as maﬁy factual matters between themselvas &as
possible, and also to try to make a sensible practical judg-
ment about what issues could be taken up before the Staff's
final statémént was in, and what issups were best left until

thas statement was there, so that we would all have a c¢lear

notion of the position all the parties in the proceeding were |

taking.
T ¢hink it's the position both of Con Edison and t
Hudson River Fishermen's Association that it's best to put

off what I at least considexr the really essential contentions

that the fishermen are making in this proceeding until the fimal

impact statements are here. Those are primarily to what
impingement of fish Indian Point 2 would be, what the
experience with entrainment would be, and subsidiary issues
around that, compensatory effects, population of fish in the

river, and so on; and also the question of alternative

e




} 5780
g ﬂ cooling systems. - .
& ; The,Applicént has agreed to that and that puts us %n
| ‘ 8 i a position where we're ready to take up the remaining
. 4 issues that are in contention between the parties: The impact
8 of thermal discharges, of chemiéal discharges, and one or two
& ﬁ other wmatters.
¥ ) From the point of view of the Intervenors, these
@ are subéidiary questions but are important questions, and
® we want to cress—examine on them and build a record on these
16 points. |
B I think I can fairly repori that generally the
2 iast few weeks of negotiations between the parties have gone
12 reasonably well. We are in the position on stipulations of
' 14 fish impingment experience, and the need for power question, and
15 we have been quite close to a stipulation which would have -
R substantially reduced a number of issues on which evidence
17 has to be taken, cross—examination would have to be under-
58 taken.
89 T frankly feel that would be extremely fruitful.
P T think it would not only save the time of the Board and all
23 the parties, but it would also, I hope, focus the issues more
22 clearly for the Board.
' 23 The stipulations, I tﬁ;’.nﬁ;,' would be shorter and
a4 much clearer than anything that would arise out of the record
‘ 2z and cross-examination. I think that is a reason we should -
!
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push on, too. Within ten days we ought to have stipulations o:
those two issues.

CHAIRMAN JENSCH: Since there has been kind of
a statement of pe;formance and since our last evidentiary
hearing, it may not be improper for the Board to indicate that
the Board has been engaged in every opportunity available to
it in pursuit of some of the problems that are pending in this
proceeding in an endeavor to arrive at a resolution of
several of the pending matters, one of which is éhe motion made
by the Applicant here for a testing license.

| S0 the Board welcomes these statements 9f endeavors

with reference to stipulation, and would appreciate any sugges-
ticns you can give the Boaid as to how socn the Board
may resume its considerations of the pending motion which has
already absorbed a great deal of time and is likely to entail
some more considerations.

‘Do you have something that we should be doing today

MR. TROSTEN: Yes, Mr. Chairman. We are prepared
to prdceed with cross-examination, subject to certain qualifi-
cations that Mr. Sack will address himself to concerning the
contentions of the Intervenors.

However, before —-- if the Board is agreeable, we
can proceed to this matter of discussion of the contentions and!

cross-examination. However, I would like tc make this

suggestion:

1
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In the past the Board has, from time to time,
requested to be kept advised of the point at which the plant
is expected to reach initial criticalitv. It is in view of
the Board's expressed interest in this ﬁatter in previous
hearings that I felt it would be worthwhile for us to provide
for the information of the Board and a ~- a‘more recent
statement concerning this matter. Mr. Cahill is prepared to do
that. |

I thought it would be well to do thaé before we
launched into the environmental hearing.

CHAIRMAN JENSCH: Procéed, pleese.

MR. CAHILL: Mr. Chairman --

CHAIRMAN JEXSCH: It may be noted on the fecérd
before_you start, Mr. Cahill, that travel arrangements have now

been completed by all members of the Board. We are fortunate %o

pilot strike. So, between landslide and the railroad and
airplane strikes, I hope you lawyers will understand why there
has been a few minute delay.

Will ybu proceed, please.

MR. TROSTEN: Mr. Chairman, before we proceed with |
this, I want to make certain that I understand the 1astlcommend
that you made about resuming consideration of the motion.

I understand that =--
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CHAIRMAN JENSCH: .Not7h@re. ' If the matter that the
Board will welcome the cpportunity to resume its consideration
of the motion and welcomes the endeavors of the parties to arriw
at stipulations and to take time in order to do that to reiieve
us of the endeavor to sit here on the stipulation matter.

Will you proceed, Mr., Cahill.

MR. CAHILL: Yes. At the last session of the hearing
I indicated that our estimated time to be ready for criticality
was late June and that the controlling +to be accomplished wasg

the reenforcing of the main steam supar heater -- excuse me --

safety valve nozzle enforcement. That work hasvbeén accomplished.

I alsoc mentioned at +he last session of‘the hearing
that in the testing program, the precritiéal testing program that
we have been conducting, that we had‘ run into a problem in the
control rod motion tests that are prerequisite to the start up of
the plant wherein four control rods either were stuck ov
indicated so bind or resistance to free action.

At that time we had only recently experienced the prob!
lem and had not fully evaluated or determined what the cause
of the difiiculty was.

The testing program is, of course, intended to

determine the functional capability of the various plant componengs.

I will schedule -- that is our plans for bringing this plant to
operating condition --are very important in our minds, the

paramount consideration that we always of is the reliability and

A1
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safety of the plant and these two factors are almost synonymous.
A reliable plant is generally a safe plant. Of course, a
vreliable plant is one that can function for its intended
purpose.

We therefore don’t want to proceed without the
assurance that our plant would be reliable. I have indicated
that philosophy several times during this hearing.

This is prelude to the fact that on experiencing
this problem, we have launched a program to find ite cause
aﬁd correct it. This is invelved in removing the héad from the
reaétar, removing the upper internals, findiné that foreign °
material was the cause of the rod jamming, proéeeding to clsan
the foreign material, remove the fuel, examine the
fuel, check the free operation of the rods, oxr for clearance
of control rod acticn-inside the thimbles of the -~ guide tube
thimbles inside the fuel and gauging that clearance and a&justir
it as npecessary.

This program we had anticipated and still in time to
be ready for ciiticality in late this month or early next month.
However, we still are concerned over foreign material and we int
0 continue the program to the extent of removing the lower
internals and going further to assure ourselves that the foreigr
materials are kemgved and this program, which we will explain
and describe to you in some further detail after I complete

my remarks, will take some further time, a few more weeks. 8o

g

end
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that it is possible we pould be readv for criticality sometime
in the lattexr part of next month. It is always possible, again
allowing for the uncertainties, that it is difficult to estimate
just how long this will take. I would héve to say that criticall
méy come as late as sometime in August, possible still next
month.

Mr. Hooten is vice president of Wedco, the
Westinghouse Subsidiary that is constructing the plant, is
available hers to describe the program that we have undertaken
to assure that the rids will function freely and ﬁhat the

foreign material will have been eliminated from the plant and ..

assure us of a reliable operating and safe plant.

MR. BRIGCS: What is the source or na@ure-of the
foreign material?

MR, CAHILL: The one rod was jsmmed solid;y; " That
was a rather large machine'chip which I believe ca@e.grom a

diffuser part of one of the main coolant pumps. There is cther

foreign material,'scme chips of similar nature. But the

program that has been underway and is being continued is intende

to:better define just the nature of all the foreign material.
CHAIRMAN JENSCH: This may seem like>a very obvious
question, but let ﬁs have it clearly on the record. In any
svent, the Applicant's program has not been delayed in any
respect by awaiting the deciSiqn on the motion for tésting

license, is that correct?

[o)
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MR. CAHILL: No, sir.

g .
CHAIRMAN JENSCH: It has not beesn w Youzr

e

program has not been ef 5 %

. ‘ MR. CBHEILL: This is really part of the testing proqrrgam

s i which includes determining whether the plant and its compenents

¢ funstion properly and when they don't, to correct the maifunc—

7 tion. ‘This would continue on through precritical testing. This

® control rod test will, of course, have to be repeated vhen we

? get back and or through the criticality and the various power

" llevei testing ?rograms. Whenever we f£ind something that doesn't

B, function properly, we are going to correct it. |

3 CHAIRMAN JENSCH: You are already on a testing progra@

B and have a further testing program that you contemplate by g
' W virtue of this motion that was made in September of 1971 and

¥ supplemented in October of 19712

i MR. CAHILL: Yes.

7 CHAIRMAN JENSCE: It is az to that latter motion,

¥ 1 that your own program has not been deléyed by any awaitiﬁg

® for an order pursuént to the motion made in September of 1971

%0 and supplemented in October of 1971, is that correct? That

= is correct, is it not?
22 _ , a
MR. CAHILL: Yes, that is corrxect.
‘ 23 CHATRMAN JENSCH: Thank you.
24 _ Very well. If we may hear from the gentleman
‘ 5 you referred, Mr. Cahill, in the Wedco organization.
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MR. TROSTEN: Mr. Hooten will come here to the
council table, Mr. Chairman.
CHAIRMAN JENSCH: Has Myr. Hooten been sworn?
MR. TROSTEN: No, sir.,
Whereupon ,
B. G. HOOTEN
was called as a witness on behalf of the Applicent and, having
been first duly sworn, was examined and testified as follows:
DIRECT EXAMINATION
MR. TROSTEN: Mr. Hooten, will you state yéqr full.
name, please.
MR. HOOTEN: My f£ull name is B. G. Hooten. I live
in Pittskurgh. |
MR. TROSTEN: Would you giva vour title, Mr., Hooten,
please.
MR. HOOTEN: I am executive vice presidént of Wedco.
MR. TROSTEN: Mr. Hooten, you have heard Mr. Cahill's

explanation of the present situation with regard to the testing

‘of ‘the rods, If you would provide the Board with additional

information concerning the testing proéram, this would be
3elpfu1. Would you proceed, please.

“ MR. HOOTEN: Upon finding -~ I may duplicate Mr.
Cahill's comments somewhat. On finding that we had about four
rods tﬁét were not moving properly, we have removed the ~-

CHAIRMAN JENSCH: Would you hold your microphone a
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MR. HOOTEN: We have removed the reactor vessel head

and the upper internals, removed the fuel from the plant. Durin

the process cf cleaning the foresign and in some cases unidenti~ :

fied materials from the fuel elements, we have shipped two of
these full elements to Columbia, Scuth Carciina, to our
manufacturing plant in Columbia. They are in the process of
inspecting,.cleaning and disassembling at lcast one of them,
and verifyinq the adequacy of scme of the tools to clean each
of it, as necessary, the fuel elements of the plént. We
antibipate completion of the clean up program early in July and
éxpgct £o have the fuel reinstalled, the reactor vessel head on
and ready for criticality in late July.

MR. ERIGQé: What kind of cleaning is being done to
the fuel elements?

MR. HOOTEH®: We are planning to use -- and this work
is in progress down there now. They arrived in Columbia,
the fuel elements, and work is in progress. We are planniag
to utilize mechanical tools, power tools to mechanically remove
from it.

CHAIRMAN JENSCHE: D, inside diameter, of the guide
thimbles any foreign material that is there,

MR. BRIGGS: The cleaning is being done on the
interior of the guide thimbles and rot on the fuel rods themselsy

MR. HOOTEN: That is correct, yes, sir.

MR. BRIGGS: What on the cleaning would be done in

i
!

res:
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the reactor system to get the foreign material out?
@
’ “ MR, HOOTEN: Ve will inspect the inside diameter

of the reactor ccolant pipe and remove any foreign material

| v %
. o SE we may find there. ‘wg will 1ift the lower internals and inspect!
and clean as necessary both there snd in the reasctor vessel.
The upper internals are removed. We are inspecting and cleaning
asg necessary.‘¥We‘hava found some metal chips in the upper inter
A ,
nales as previéusuy mentioned. The inspection technigues involvel
ng 2 2 Ixﬁﬂzdi;ectrvisual and boroscopic te¢hniques,
50 |
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MR. BRIGG3: Have you been dble to combine the bottom

reactor vessel below the internals?

MR, HOGTEN : Yeos, we have; Although when we 1ift
the lower internals out, we'll go through that evolution
again,

MR. BRIGGS: Have you found anything down there?

MR. HOQTEN: We have found some things, but we
haven't found very many things, If anything is undesirable,
obviously -~

MR. BRIGGS: Do you have a thimbleful or cupful of .g
shaving chips?

MR, HOCTEN: Total estimate on my part would be
more than aucupful.o

MR, BRIGGS: A gallon?

CHAIRMAN JENSCH: it is more intriguing. More than
a cupful is a basketful, a bushel basketful,

MR. HOOTEN: I can assure you it is less than a
bushel.

DR, GEYER: Héw could you be gure that none of this
is on the rod bundlies?

MR. HOGTEN: We are inspecting for just that,

DR. GEYER: Can you see through these:bundies?

MR. HOOTEN: We'll put lights on them and bhorocscope
ihside them, I don't mean inside the rod.

DR. GEYER: 1Is there any part of this system-
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designed to attract this sort of material other than the
reactor core itself?

MR. HCOTEN: As you well know, the core is an

excellent filter. It has -- we had foreign material and we haveé

trapped some in the core. We will clean it up. The situation
is about that simple. In this design plant, it is usual,
if you have foreign material, to also find it in other places,
like the primary side of steam generators. We have inspected
those locations already.

DR. GEYER: Maybe you should put a filter in there

and run the thing a while,

MR, HCOTEN: We have had people bring up that subject

DR. GEYER: Thank vou.

MR. HOOTEN: I'm aware of what the Navy program
does in that regard.

CHAIRMAN JENSCH: If you cculd just leave us hanging
there, what will vou do, accept it, reject it, modify it or
change it, the filter, to whiech you just referred?

MR, HOCTEN: We are presantly building and .
successfully building plants'wifhdﬁt filters in them, Mr,
Jensch, |

What the industry will do, no cne today.is using
a filter, to my knowleége, in this kind of service. What they
will be doing five years from now is -—- |

CHAIRMAN JENSCH: Why is it necessary to take all

‘e

!
i
{

awrizea:
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these parts down to Columbia? Is it embedded crud that can't
be removed or difficult to locate or difficult to remove?
3 . HMR. HOOTEN: We are doing not only verification of

‘ 4 tooling and checking out of our cleaning techniques, ir,

(=5

Jensch, but we are also doing metallographic examinations.

;3

The best place to dc this kind of work is in the factory,
7 When we finish that work down there, we will ship two

8 completed and acceptable fuel assemblies back to the job site,

g i We plan to utilize the same cleaning techniques and tooling g

10 here on side to clean up any necessary foreign material on any

11 of the remaining fuel assembles.

CHATRMAN JENSCH: Vou don’'t contemplate or anticipate

]
' $3 Ez any shipment of other fuel assembles down to Columbia, is that
14 || correct?
15 MR. HOOTEN: Not at the present time.
16 | CHAIRMAN JENSCH: Is there an indication that you
|
7 might?
i@ MR, HOOTEW: No, sir,
19 CHAIRMAN JENSCH: As far as you k@aw, the principal
20 1 difficulty with reference to these four rods that weré not
21 working properly and related fuel assemblies, is that correct?
43 MR. HOOTEN: We plan to cqmplete an inspection and
. 23 remove foreign material from the necessary fuel subassemblies.

The foreign material is not necessarily restricted to the four

" 24

25 assemblies thatinvolve sticky rods. I don't mean to imply that,
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CHAIRMAN JENSCH: I take it it is sitill somewhat
problemmatical. If you find that some do reguire shipment
to Columbia, you will undertake that, is that correct?

MR. HOOTEN: We do have some cénfidence in
completing the work earliy in July., The answer i3 ves.
That is in preparation for the reloading of the core.

CHAIRMAN JENSCH: Therewcn't be any problem in
lower internals and upper internals?

MR, HOOYEN: We have done that sort of thing before
and dQ not anticipate any problems.

CHAIRMAN JENSCH: You have done nothing in raoference
to cleaning of these that will be required?

MR, HGOTE&: We will‘ciean.thém as pecessary., Any

foreign material will also be taken out of them,

We do not see that work as being controlling whatsocever,

CHAIRMAW JENSCH: This I know is & naive question
sitting next to Mr,'Eriggs} Put let me ask it of you, if I
may .

Why weren't these crud elements discovered sconer?
¥ou have been running a testing program of the kind short of
criticality for some time, Why didn't these chips show up
sooner and these stunt rods show up sconexr?

MR, HOOTEN: I don’t know the answer to that, Mr,

Jensch., I know that thev did in fact show up. They showed up

during our test program, That is the basic program why we run
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such a program.

CHAIRMAN JENSCH: I understand. It is a good thing
to find them, of course, fhat is why you are doing these tests
I was wondering if you were running a series of tests involving
pumps and motors and circulations and so forth, Were you
building up accunmulation of crud by the length of time you were
running these tests? Did you have any indication of difficulty
prior to this stuck rod situation that My, Cahill described to
us last May? |

MR, HOOTEN: ‘No, we did not, to my knowledge, have
any earlier iﬁdication. You are aware that we were running
slow tests including the rod drive mechanisms, movement of
control rods. Yes, we had moved a lot of water through the
reactor vessel at that point in time.

CHAIRMAN JENSCH: You had no indication of any

" stueck rod until sometime near May at the time that Mr. Cahill

described the situation to us, is that correct?
MR. HOOTEN: I belie&e that ‘s correct.
CHAIRMAN JENSCH: . Thank you for your statement.
MR, HCOTENQ Yes, sir.
CHAIRMAN JEHSCH: Will vou proceed, Applicant?
MR.,SACK;{;  At this peint, Mr. Chairman,
I would like to identify for the record certain testimony
that was submitted in connectionwith Motion for Limited

Operation, which is also applicable tothe full NEPA hearing,
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which is the subject of today's session.

I am referring to the testimony submitted by Dr,
John P.Lawler on April 5, 1972, entitled, "The Effect of
Indian Point Units 1 and 2 on Cooling Water Discharge on Hudson
River Temperature Distributicon." The testimony of Dr. Gerald
J. Lauer submitted on April 5, 1972, entitled, "Effects of Chem
ical Discharges from Indian Point Units 1 and 2 on Biota and
River Chemistry." The testimony of Dr. Gerald J. Lauer
submitted on April 5, 1972, entitled, "Effects of Elevated
Temperature ahd Entrainment on Hudson Rivey Biota."

These three documents should be ccnsiéered 8s part
ofthe Applicant's testimony on the fuli NEPA feView.

We would now like to offer at this time additional

testimony in support of Applicant’s application for a full powed

license. The first document is entitled, "Testimony of John
P. Léwler,'Ph.D.Wuirk, Lawler and Mptusky, Enginzers, on
Supplemental Stuily of Effect of Submeirged nischarge of Indian
Point Cecoling Water on Hudscon River Temperature Distribution,”
dated June 19, 1972,

The'second,document is ehtitled, "Testimony of John
P. Lawler, Ph;D., on Effect of Indian Peoint Plant on Hudson
River Disgsolved Oxygen,” dated June 19, 1972, I helieve the
copies have previcusly been distributed., Dr. Lawier, Qould you

come forward, please?
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Whereupon,

DR, JOHN P, LAWLER
was recalled as a witness on behalf of the Applicant, énd,
having been previously duly sworn, was examined and testified
further as follows:
FURTHER DIRECT EXAMINATION

MR, SACK: Dr, Lawler, were these two documents
which I have described -~ Dr. Lawler, have you been previously
sworn, or nead you be sworn again?

Dr. Lawler was previously sworn.

Doctor, were these two documents which I have just
described prgpéred by you or under your supaervigion and
direction?

DR, LBAWLER: VYes, beoth of these documents were
done under my supervision,

MR; SACK: Are these two documents true and correct
to the best of your knowledge?

DR. LAWLER: Yes, they are.

MR, SACK: Do you desire to have these documents
received inevidence in this prdCeeding?

DR, LAWLER: Yes, I(don

MR. SACK: Mr. Chairman, I now offer the two
documents previously identified in éviden¢e inthis proceeding,

CHAIRMAN JENSCH: Is there any objection?

MR. KARMAN: No objection, Mr, Chairman.
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MR, MACBETH: No objection.,

MR. MARTIN: No objsction.

CHRIRMAN JENSCH: The request of Applicant's
counsel is granted, and the two presentations of testiiony
identified by Applicant’s counsel from witness Lawler, the
first of which is entitled, "Supplemental Study of Effect of
Submerged Discharge of Indian Peoint Coecling Watexr on Hudson
River Temperature Distribution," and the second entitled,
"Effect of Indiarn Point Plant aniﬁudson River Dissolved Oxygen,'
may be accepted as thé testimony of witness Lawler in evidance
in.behalf of the Applicant, and may be physidally incorporated
within the transcript as if read. The reporter is directed to
incorpqrate these two statements inthe record.

{(The. docunents follow.)
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" THOMAS P. QUIRK, P.E.
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FELIX E. MATUSKY, P.E.
WILLIAM J. STEIN, P.E. May 8, 1972
JOHN P. BADALICH, P.E. - . File: 115_17
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COMPUTER APPLICATIONS

S

Mr. Alan Cheifetz
Office of Environmental Affairs
Room 1142
Consolidated Edison Company
of New York, Inc.
4 Irving Place N
New York, New York 10003 ' -

Subject: Indian point Submerged Discharge - Supplemental Study

}
(“ Dear Mr. Cheifetz:

pursuant to your request of May 5, 1972, we are submitting herewith a
memorandum report presenting our response to the submerged discharge
questions set forth in the May 2, 1972, letter from the AEC to Con
Edison.

For convenience of presentation and since most of these questions are
interrelated, our answers appear in the order of presentation given in
Section IIT-E-1-g-2 of the wpraft Detailed Statement" of April 13, 1972,
prepared by the U.S. AEC, rather than the order given in the May 2, 1972,
letter. QL&M's response to these questions is given in a set of six
items, as outlined below. For convenience, however, our specific answers
to the individual AEC questions are located in the following outline.

-

AEC Letter
oL&M item number and title ' Question No.
1. Submerged discharge model and . 1,6, 7, 9,
Evaluation parameters 10
‘\ 2. Expansion of éubmerged discharge
- jet boundaries - literature '
review 2

WATE R RESQURCES & SUPPLY « WATER & AIR POLLUTION CONTRAOL *« SOLIOD WASTES » STUDIES & OESIGN




Letter to: Mr. Alan Cheifetz
pate: May 8, 1972

3. Sensitivity analysis of jet growth -
parameters using Indian Point units
1 &2 discharge conditions 4,6

4. Relationship between entrainment
coefficient and slopes of jet
boundaries _ 2, 3, 6

5. Distribution of temperature rises
over jet cross-sectional area. ) 8, 6

6. Interference between adjacent jets -5, 6

The theoretical treatment presented in this memorandum report employes
a new version of our previously developed submerged discharge model.
This version of the model is capable of handling submerged slots as ’
well as ports. Rectangular slots as well as circular ports have been
used to evaluate the sensitivity of the model to study input parameters.

Study results have been computed using this model and the final outfall
design parameters. In particular, these results take the influence of
the revised depth of submergence of 12 feet and the recirculation effects

into account.

Computed results for a condition of a maximum ambient temperature, two

unit condenser rise and recirculation conditions showed that the maximum
surface temperature in the immediate vicinity of the outfall can be expected
to be less than the New vork State Criterion of 90°F. '

we would be pleased to review the report with you if you desire additional
discussion.

Very truly yours,

Alld—

Karim A. Abood
Associate

KAA:gsf
enc., 1

‘Quirk, Lawler & Matusky Fngincers




I. Submerged Discharge Model and Evaluation parameters*

In 1969, Quirk, Lawler & Matusky Engineers (QL&M) deveioped and
successfully programmed for computer solution a three- ~-dimensional
mathematical model describing the behavior of a submerged cir-
cular jet in an estuary. pDetailed description of this hydraulic
phenoménoh and formulation of the mathematlcal model and computer

program are given in Reference 1.

Additional development and modification of this model has océurred
since 1969.(6) In addition to the improvements discuss;d in Ref-
erencé 6, the theoreﬁical analysis has been recently modified to
make the mathematical model capable of handling recténgular slots
as well as circular ports. This modlflcatlon permits use of the
model to directly describe the behavior of a submerged rectangular

slot without having to convert the slot to an equivalent circular

port.

since a program deck is not available at present, we are enclosing
a listing of the modified submerged discharge program, used in

this study, as an Appendix to this Report.

This model was used to evaluate the expected behavior of the

revised Indian Point outfall slots. Details of the rev1sed de51gn

are given in Reference 5. For convenience, a brief description of

the design is given below.

*Dr. Karel A. Konrad of QL&M performed many of the calculations and investigationé
reported herein and prepared the original draft of these notes.
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pDetails of the revised Indian voint outfall system are shown in

Figure 1. The system consists of 12 discharge ports with rec—

" tangular openings 4 feet high.by 15 feet long, spaced 21 feet

apart (center to center) discharging horizontally and normal

to the river flow, and located 12 feet at centerline of port below

the U S.C. & G.S. sea level datumA(l929). Ten of these slots are

equlpped with fully ad]ustable gaccs to insure a submerged jet

velocity 'of 10 fps for any combination of units in operation.

The orlglnal 18' depth of submergence wWas changod to 12' to

1mprove m1x1pg of the effluent w1+n the ambient water and mini-
N

mlze river bottom scour action. Recant hydraulic model tests

" showed that the revised outfall design produced lower overall

~

temperatures.

As shown in Figure 1, the combined Unit No. 1 & 2 effluent will
be discharged through seven of the twelve slots of the three

unit outfall.

Indian Point Units 1 & 2 design parameters are summarized in Table
1. As requested by the AEC, Table 2 summarizes the exposure time
predictions corresponding to single and combined unit operation. -

These values have been computed by Consoligdated Edison personnel.

The combined operation values correspond to two unit operation at
rated capacity. This study employed the rated capac1ty summertime

two unit opcration values since the objective of this report is

to compare the performance of the outfall ‘with the 90°F criterion.

During sunmer months, when ambient temperatures reach a max1mum

valuc, this criterion may control.

g Quirk,Lawler & Matusky Engincers




The Table values corresponding to cooling water flow reduction

are associated with non-summer periods and may occur during
some fall and winter months when the fivef ambient temperature
is equal to or less than 50°F. A wintertime plant temperature
rise‘of'25°F would yield maximum surface temperatures of less
than 75°F. Therefore, the 90°F cfiterion is not controlling

during such periods.

The controlling criterion during flow reduction periods may be

the 67% surface width 4°F criterion. However, evaluation of the
effect of two unit operation during wintertime'conditiogs indicates
that the 67% criterion will not_be contravened. A summéry of |

wintertime predictions is given in Figure 2.

In addition to the two unit rated capacity operation outfall temnp-
erature rise, this study ‘takes the recirculation effects into

account.

-—

Hydraulic model thermal récycling studies indicate that two unit
rated capacity operation may result in recirculation effects
ranging from less than 0.1°F to less than 1.2°F, depending upon
the prevailing tidal conditions. The.tidal average increase‘in
intake temperature rise 6ver the entire water column due to re-
circulation of heated water will be about 0.75°F. This yalue has

been rounded off to 1°F and used in this study to account for the

reéirculation effect.

The maximum naturally occurring river water ambient temperature

used in this evaluation is 79°F. This value is considered to be

Quirk, Lawler &@ Matusky Engincers




the highest water,temperature that can be experienced by the

Indian Point intake at:any time. Review of available Hudson
River channel temperature data given in Reference 6 shows that
th}g maximum temperature of 79°F in the Hudson River is reached -
around mid-August of certain years. Ambient temperature does
not reach this value every year. 'For example, the maximum am-
bient water temperature observed in the vicinity of Indian
Point‘in 1969 occurred on two days in Augﬁst and was 77.6°F.
Avaiiable temperature measurenments, depicted in Figure 3, over

a ten year period from 1956 through 1965 show that the 79°F
monthly average is reaéhed only once in eight years. Tﬁé values
shown in Figure 3 are based on temperature measurements of intake
cooling water at Lovett. Although these-témperatures may be
somewhat high because of recirculatidn of effluent cboling water,
they represent the most extensive survey of ambient river temp-
eratures for the Indian Point-Lovett area. These measurements

were grouped into monthly -averages and statistically analyzed

for the Auguét months.

Data subsequent to 1965 were not included in the analysis
because they represent a significantly greater degree of heat
recirculation as a result of the Lovett Unit No. 4 being oper-

ational.

Figuré 4 depicts the ambient temperature seasonal variation at
Indian Point for the meteorological conditions of 1964. This
Figure indicates that the maximum ambient temperature in this

area was less than 79?F in 1964.
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Several Hudson River temperature profiles and additional support

of the 79°F value are given in Reference 6.

Section III-E-l-é-Z of the Draft petailed AEC Statement and
‘ the AEC May 2, 1971 letter to Consolidated Edison refer to the

/
81°F August ambient temperature reported by New York University.

As explained during our several meetings with the AEC personnel,
theseANYU‘measurements were conducted in conjunction with a
biological survey of the River and reflect the effect of recir-
culation due to Unit No. 1 operation. Biological surveys usually
employ conventional temperature instruments rather thanfprecision
thermometers (since the major objecti&e was the biological activity
rather than temperature distribution, per se) using Centigrade

( raeher than Fahrenheit units (a 10% error in °C is equivalent to

‘ about 20% error in °F). Moreover, the maxnfmum ambient temperature

measured by NYU in the indianZPoint vicinity (east bank of the’

Hudson River) averaged 26.75°C or about 80°F rather than 81°F.

The 79°F value, used in this study, is based upon the above
mentioned observations, does not include any recirculation effects
(since these are treated separately in this study) and is indi- -

cative of overall intake water column rather than shore or surface

conditions.
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II. Expansion. of Submerged Discharge Jet Boundaries -

Literature Review

The.previously developed Quirk, Lawler & Matusky Engineers'
éubﬁé&éed discharge mathematicai model utilizes jet boundary
slopes (C; & C,) to”accpunt for plume growth within the zones
of flow establishment (initial zone) and established flow.

Numerical . values employed in Reference 1 are given below.

Circular Port Slot

7one of flow establishment, .
C, 0.16 0.15°

zone of established flow, _
c, 0.20 0.25

as indicated in Refecrencc 1, the length of the initial zone
has been defined as 6.2 x Dé (initial jet diameter), for a
circular jet, and as'5.3 x W (initial jet width), for é
recééngulér jet. A definition diagram of both zones is given.

in Figure 5.

A comprehensive literature review of reported observations’
of the slopes of expanding jets is given in T.R. Camp's
"Water and Its Impurities"(2)on pages 238 and-239. For
conVeﬁience, a sample of these observations is reproduced

below.

Albertson and co-workers* found that the boundary of the expanding

‘&% albertson, M.L., Dai, Y.B., Jensen, R.A. and Rose, Hunter, Trans.
o Am. Soc. Civil Engrs., 115, 630 (1950).
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jet from a circular orifice diverged at a slope of approximately

1l to 5 (or a slope of 0.2) from the centerline.

Tallmien, working with air, found that the bdundary diverged
. at a. slope of 1 to 3.92 (or a slope of 0.25). Rice working
with freswater in salt water,\with differences in specific
éravity ranging from 0.0l to 0.035, found that the boundary

diverged at a slope of 1 to 4.8 (or a slope of less than 0.21).

According to Person?*, Folsom and Ferguson, who worked with

gasoline, the boundary of the expanding jet diverged at a

. \.
slope of 1:4.31 (or a slope of 0.23). ’

Rawn and Palmer, in experiments'with freshwater jets in sea

water, found that the boundary of the expanding jet diverged at

a slope of 1 over 6 to 8 (or slopes of 0.17 to 0.13 respectively).

One of the best known investigators in the field of turbulent
jets, G.N. Abramovich, has presented an analysis of spread

of a turbulent submerged jet and its geometric features in his

(3)

text, The Theory of Turbulent Jets. On pages 505 through

509 of this publication, Abramovich reports a jet boundary slope
of 0.158, for the initial zone, and of 0.22 for the zone of
established flow. The length of the initial zone used in Reference

3 is equivalent to nine initial radii.

( * person, E.A. "An Investigation of the Efficacy of Submarine Outfall
- Disposal of Sewage and Sludge," Publication No. 14, State Water Pollution
. Control Board, Sacremento, California, 1956.
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Lohn-Nien Fan(4)§mployes an initial zone lenth of 6.2

diameters for a nozzle (in referencing Albertson's results).

The brief literature review indicates that the slopes of jet
pouridaries, incorporated in the QL&M mathematical model agree

very well with those observed and reported by many investigators.
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ITI. Sensitivity Analysis of Jet Growth Parameters Using
Indian Point Discharge Conditions

A.  Circular Jets

In order to determine the éffect of boundary slope on jet
characteristics within the initial zone three computer runs*
were conducted using QL&M submerged discharge model and initial

jet slopes (Ci) of 0.10, 0.16 and 0.25.

Table 3 and Figure 6 summarize the variation in jet flow,
velocity and dilution ratio corresponding to these three slopes.

As to be expected, the results indicated that a higher slope of

‘boundary results in a higher jet flow and dilution ratio and a

lower average velocity. 'The'differences,between the jet charac-

teristics increase with increasing distance from the outfall.

Effects of the jet boundary slope within the zone of estab-
lished flow (Ca) was evaluated by using three C, values (0.15, .
0.20, 0.30), while keeping slope Cj and length of the initial zone

(S9) constant.

~Table 4 and Figure 7 depict the variation of jet flow, velocity

and dilution ratio with jet path distance, for C; = 0.16 Sp =

6.2 D, and Cz = 0.15, 0.20 and 0.30.

Study results indicate that the effect of slope Cy is similar to
that ofVCl, i.e., a higher slope C2 results in a higher jet flow

and dilution ratio and a lower jet velocity.

* All computer runs reported herein and after were conducted for water

slack conditions. : -
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_The .effect of length of the jet initial zone (or zone of

establishment) is shown in Table 5. This table summarizes
the influence of three initial zone lengths (4.0 Do, 6.2 Do,
and 8.0 Dy) on jet flow, velocity and dilution ratio. Jet
bouhdary'slopes.were kept constant during these runs. Cj

and C, values of 0.16 and 0.20 were used for this purpose.

As to be ékpected, the above presentedvresults of the sensi-
tivity runs indicate that the slopes, C1 and C, of the jet . o
boundaries significantly affect the jet growth characteristics.
The jet characteristics are less sensitive 'to'changes‘gn

length of the initial zone.

The main objective of this sensitivity analysis, however, is

to determine variation of dilution ratios and subsequently

average temperature rises at controlling jet critical sections,
described in Reference 1, i.e., upper boundary, interference,

lower boundary or centerline controls.

These jet controls have been defined,.in Reference 1, as locations
where the jet boundary imterferes with boundaries of receiving water
body (such as water surface, river bottom, etc.) or with the
adjacent jet boundary. Tﬁe control resulting in the lowest value
of dilution ratio, i.e., the highest temperature rise, has been

defined as the critical control.

In all sensitivity runs ,reported .in this study and including rec-
tangular jet runs conducted for the revised outfall design, the

critical control was the location where the upper boundary reaches
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. the water surface.

Table 6 summarize; dilution ratios and average temperature rises
at the critical controls for jets with different boundary slopes
. an.'d'd'ifferent lengths of the initiél zone. Although the variable
coefficients spanned large intervals, the variation in dilution
ratio and average temperature rise was small. The difference
between the highest and lowest calculated temperature rises was

about 1°F.

According to the literature survey presénted in Item I, the
uncertainties in determination of the coefficients Cyp, Cz and
S, could be expressed by smaller intervals of these coefficients
than those used for the above reported sensitivity analyses.
It is concluded, therefore, that these uncertainties have an

‘ insignificant effect as far as the average jet temperature rlse
4t the critical control is concerned. This value is the major

objective of the submerged discharge modelwénalysis.

B. Rectangular Jet Sensitivity Analysis and Comparison with
Equivalent Circular Jets

The length of the initial zone of submerged jets used in the QL&M
model has been taken as 5.3 times the initial width of the jet.
This relationship has given results similar to those used for

circular jets.

QL&M had used the jet initial width rather than height for deter-
mination of the initial zone of a rectangular jet. This assumption

‘ - is conservative, i.e., yields lower di;ution ratios.
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We. agrece with the AEC's statement and question No. 3
in the May 2, 1972, letter that the jet height instead of
width is more avpplicable for determination of the initial

zone of the Indian Point jets.

Table 7 summarizes and combares computed jet flow, velocity and
dilution ratio for two jets having initial zone lengths deter-
mined using 5.3 widths (5.3 Wo) and 5.3 heights (5.3 Hp) .respec-
tively. In both cases, boundary slopes were kept the same, i.e.,
ciy = 0.15, Cp = 0.25. The differénces between calculated values

of study variables are given in Table 7. N

Table 8 compares dilution ratios and average temperature rises

at the critical control of the two rectangular jets with three
circular jets having different initial zone lengths. The.table
indicates that the dilution ratios at the critical controls are
hlgher for rectangular jets (3.4 and 3.8) than those for circulér
Jets (2.8, 2.8 and 2.9)° and that the dilution ratio at the cri-
tical control of the rectangular jet is higher if the jet initial

zone length is calculated using the jet initial height instead
of width. '
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Iv. Relationship Between Fntrainment Coefficient and Slopes

of Jet Boundaries

The concept of the entrainment coefficient, as defined

in the following expression, has been introduced by several

authors :
%%- = 27bau
in which: ceo (1)
0 = jet flow
s = distance measured along the 5et centerline
b = characteristic 1eng£h >
u = characteristic velocity (usually centerline

velocity)

The characteristic length, b, is determined using jet velocity
profiles. Approximation of jet velocity profiles by a Gaussian

function: )

-

r
S
u(r) = Ucge

.ee(2)
yields a characteristic length determined by the following

equation:

\ﬁﬁf = (20) = R

)

in which, R is assumea to be nominal radius of the jet.
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some of:the investigators* prefer use of slopes of jet boundaries

rather than entrainment coefficients because these slopes are

dlrectly observable ourlng physical experlments and also because

the concept of entrainment cocfflclent requires predctermlnatlon

‘ ‘

of the type of vélocity distribution.

Furthermore, the type of velocity distribution within the
1n1t1al zone ‘is not stable and may not be représented by a
Gaussian function. The definition of the entrainment
coefficient given in Equation 1 is not clear in this region.
If the éntrainment coefficient a is to be used in thlS reglpn

then Equation 1 should be changed to:

%% = 2TRau, .
L | | ce o (4)
' in which:
R = radius of the jet
u, = initial jet velocity (u, = Yy = const. throughout

the initial region)

The entrainment coefficients corresponding to the study jets
may be determined by using Computer printout of variables for

finite segments of a jet. This is described below.

Use of finite jet segments within the flow establishment zone

requires the following nodification to Equation 4,

[ .
‘ ¥ For example, Abramovich does not introduce the entrainment coefficient
at all. o
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= AQ

9 ~ 2mR*u AS
o
LI I 4 (5)
. in {vhi,ch,:
R* = average radius in a given segment

Similarly, for the zone of established flow, Equation 1 becomes:

.

o B0
2nb*u:AS
... (6)
~N
in which:
b* = average characteristic length in a given
segment p* = R*
( v
u*. - = average centerline velocity in the segment.

Variation in the centerline velocity within
a segment (10 ft. segments have been used in
this study) is assumed to be linear.

Because the velocity distribution is assumed to follow a

Gaussian function, it can be shown that the relationship between

the centerline velocity and cross-sectional velocity is given by:
u = 3.27u -
C

Calculation of entrainment coefficients within the initial

zone of a circular jét are shown in Table 9 for boundary slbpes
Cl = O,ld, 0.16 and 0.25. The table indicates that the values
of the entrainment coefficient decrease with increasing-distance

from the discharge port and that the entrainment coefficients ;
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: géﬁerally are higher‘for a higher slope of jet boundary.

Calculation of entrainment coefficients within the zone of
establi;hed flow for a cifcular jet (Cy = 0}16, c, = 0.20,

S, = 6.2 D) is shown in Table 10. The table shows the
variation in the entrainment coefficient along the path of the

jet.

Figure 8 depicts variation in the entrainment coefficient
alohg the path of a circular jet (C, = 0.10, C, = 0.16,

S, = 6.2 D). The values of the entrainment coefficient shown
in this'figure correspond.to QL&M's basic coefficients,

C C., and Sz. All of these entrainment coefficient values

i

are lower than the value of 0.082 reported in the literature(4)

as representing an entrainment coefficient for buoyant jets.
Therefore, the QL&M model gives somewhat more conservative

results than those corresponding to reported values of entrain-

ment coefficients.
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V. Distribution of Temperature Rises over Jet

Cross~-sectional Area

Most mathematical models of submerged jets do not determine

the cross-sectional area distribution of velocity and tempera-

ture. These distributions are approximated by some functions

which more or less fit observed data.

Many authors have used a Gaussian function to simulate velocity

distribution and some of them have assumed‘similarify between

velocity and temperature distributions.

<

However, many observations indicate quite different shapes of
these two distributions as can be seen for example, on three

graphs reprcduced in Figure 9 frdm The Theory of Turbulent

3} These three figures indicate

Jets, by G.N. Abramovich.
that the observed temperature distribution values follow a
cosine, rather than a Caussian, function. Such a cosine

function (shown on these figures) can have a form similar to:*

AT . 0.2+ 0.8 cos- %
AT, Y,
... (7
* The equation for calculation of maximum surface temperature rise used
in Reference 1 is: ' Td
AT = 3.0 + (AT - 3.0)cos ——=
. ave D/2 ... (10)

This function represents an empirical approach. QL&M mathematical model was

applied to the Iovett Unit #4 and Indian Point Hydraulic model submerged dis-
charges to calculate the average temperatugf rises at the critical controls.

Equation 10 was derivea 1n an attempt to coyert computed average temperature

rises over jet corss-sectional area to the surface temperature distributions

observed at Lovett Unit #4 and on the Indian Point hydraulic model. ~
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in which,

N

| AT = temperature rise above the ambient temperature at
| ‘ the distance Y from the jet centerline

|
i . - & . 3
AT, = maximum temperature rise at given section (at the
centerline)

Y = distance between given point and centerline of jet

Y, = distance at which the veiocity is equal to 0.5 V,

If we.assume that the boundgry of the jet is located at Y =2¥¢
(this is a reasonable assumption considering that the velocity
at this location is-about 0.05 V max), then the average temp-
erature over the jet cross—sectionél area één 5e expressed as a '

fraction of ATy in the following manner:

For a Circular Jet:

N

2m.2 STy
JJ [012 + 0.8 cos (Y*Zl’dy*de'

| R ATan =
. - O O 55
fdf Y* dy*de
o

-

—

Where Y* = 1—
Ye

2w 2 _ -

AT 1 T

avqg = -, * X (5]
24 = 4nff [0.2 + 0.8 cos (¥* y)] dr*a

m 6 o0

4 AT 1

avg _ _= (0.2 x 47 + 0.744 x 2T1) = 0.572
AT 4T -

m

From this equation we can express the maximum temperature rise as
a function of jet cross-sectional average temperature rise in

the following equation:

0.572 '

e %,
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F'or a Rectaﬁgular Jet:

If we assume similarity between the température distributions
in both directions, then the dimensionless cross-sectional

average temperature rise will be:

2 ) .
' . v T .
: 0.2 + 0.8 cos (Y*) cos (z*_)] y*dy*dz*
ATavg = 6r oj.[ cos (¥*z) ( 4)]

2 2 ..
m f bf avaz
: (0]

Where: 2% = Z
Lo

Z and'Zc.are defined in a manner similar to Y and Yc' -

a1 : WA m T

Z—Ezﬂ =114 x 0.2 + O.S.f .f[cos4(Y* ) cos (z*.)hdY*dz+*
Tm .‘ 4 : 3 & . 'y - 4

%E—‘?‘—‘—’ﬂ =1 (4 x 0.2+ 0.8 16y= 0.524

8Tn ry T2

Maximum temperature rise can be expressed as a function of jet

average temperature rise as follows::

bty = “Tavg = 1.91 ATqyq oo (9)
0524 ‘

Applying equations 8 and 9 at the critical control sections of
the study jets, the maximum temperature rises corresponding to

these sections are as indicated in the following tabulation:

Description of Avg. Temp. Rise at Max. Temp. Rise Max. Temp. Rise
Jet the Upper Boundary at the Upper at the Upper
Contxol (3) Boundary Control Boundary Control
°F (Eg. 8 & 9) °F Including Effect
of Recirculation
°F

Circular C;=0.16 :
C2=0.20 5.30 9.3 -10.3

Sz=6.2Do
Rectangular C3=0.15 .
Cy=0.25 . 3.90 - 7.5 : 8.5
57=5.3Hq
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Notes: 1. H, is initial height of discharge slot.

2. Average tcmperature rises were calculated using
plant temperature rise of 14.8°F. An additional
1°F was added to final results, i.e., maximum
surface temperature rises, to account for recir-
culation. This is tantamount to adding 1°F X
dilution ratio to the plant temperature rise.

3. The values of average temperature rises taken
from Table 8. '

4. The upper boundary control is the critical control.

-

Once the upper boundary reaches the surface, entrainment of
ambient water into the jet is limited to the lower boundary
and partially to the sides of the jet and the velocity and
temperature distribution are distorted. A mathématical

determination of the jet behavior after jet interference with

the surface is beyond the present knowledge of art.

The maximum temperature rise at the upper boundary control

(section a-a in the schematic diagram below) shown in the

tabulation above occurs at point A.

The temperature of water particles at location "A" will be

decreased as those particles move upward to the surface (Location
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~"p") by additional dilution of the jet water by ambient water.

Because of uncertainties in determination of such additional

dilution, the maximum temperature rise at the upper boundary

control is used, in this study, as a conservative estimate of

i
A\

the maximum surface temperature rise.

Thercfore, the maximum surface temperature rise at Indian Point
during rated operation of Units #1 and #2 is estimated to be
appfoximately 8.5°F(see the tabulation above = recténgular jet) .
This maximum surface temperature rise agrees Very well with the

_(5)

previously reported results.
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VI. Interference Between Adjacent Jets

As shown on Figure 1, full £Low operation of Units 1 & 2 will
require 7 of the 12 submerged slots. The outfall two unit
operation arrangement depicted in Figure 1 provides a spacing

of 42 feet between the centerlines of the jets.

The interference betweeﬁ jets will occur, whereQer the jet
widths reach 42 ft. 1In all computer runs made for the
sensitivity analyses, the interference between jets occured
at a greatér distance from the discharge than that where the
upper boundary reached the surface. Because Fhe maximum Y
temperature rise at the upper boundary control was shown to
be the maximum surface temperature rise, the interference

control value not contreolling in ¢ out of 7.jets (jcts no.

l, 3, 5, 7, 9 and 11 of Figure 1).

More interference will occur between the last two jets (no. 11
& 12), since these two slots may be employed. In this case,
interference between these jets may occur at a distance of

about 20 feet from the diéchargé slots, where the dilution ratio

is about 2.1 and the average temperature rise is 7.5°F. For

~this case, Equation 9 gives a maximum temperature rise of 14.3°F.

However, use of this temperature as the maximum surface temperature
rise is extremely conservative and somewhat unrealistic. This

temperature occurs at a depth of 11.7 ft. and the additional

path of water particles before they reach the surface is about

50 ft. The additional entrained water, along the 50 foot path

. of the jet, will result in additional tcmperature rise reduction.
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‘ . APPROXIMATION OF ’&PEP\ATURE RISE DISTRIBUTION

o e

OVER JET CROSS SECTION BY A COSINE FUNCTION

- COSIME FUNETIOA
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Fig. 1.16. ‘Dimensionless temperature differences and
velocity profiles in main region of axially symmetric
jet according to Stark’s data (11].
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Fig, 1.17. Dimecnsionless profiles for temperature
difference, concentration of admixture and velocity

in main region of plane jet from data given by
Abramovich and Borodachev (x=xis,).
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Fig. 1.15. Dimensionless temperature and ve.locity
profiles in main region of plane jet according to
Reichardt’s experimental data [10].
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TABLE 3

EFFECT OF JET BOUNDARY
SLOPE (C,) ON JET FLOW

VELOCITY AiD DILUTION RATIO

WITHIN THE INITIAL ZONE

Distance

fron port Cy = 0.10 . Cy = 0.16 Cy = 0.25

alonc the Flow velocity Dil. Flow Velocity Dil. Flow Yelocity Dil.

Jet g, ft cfs fps ratio cfs fps ratio cfs fps ratio
o+ 378.0 10.0 1.0 378.0 10.0 1.0 378.0 10.0 1.0
10 477.5 7.6 1.3 542.1 .. 6.7 1.4 638.9 5.7 1.7
20 575.4 6.1 1.5 703.8 5.0 1.9 896.6 A 4.0 2.4
30 672.1 4.4 1.8 863.9 4.0 2.3 1152.4 3.0 . 3.1
40 767.8 3.7 2.7 1407.5 2.5 3.7

P,
# vyvena contracta

2.0 1023.0 3.3

Y
\
f




TADLE 2

“INDIAN POINT UNITS 1 & 2 EXPOSURE TIME CALCULATIONS®

Assumptions

1. MHW Condition = EL 2.2' "~

2. Head @ Discharge Port = 3.5

3. Neéleét Head Loss Gradient Up to the Canal (Balanced by Flow

"From Aux. Pumps).

4. Organism Is Discharged at Extreme Southern Port (Low Flow
Conditions) or in Mid-Section of the Outfall (Normal Flow

Conditions) :

3 Pumps @ 60% Flow
60% of 140,000 gpm

5. Unit 2 Low Flow
" Unit 1 Low Flow

Single Unit

.Operation
Unit . Exposure
Flow Condition No. - Flow, gom time,min.
Nofmal : 1 280,000 -39
Normal , 2 - 840,000 14
Low (winter) 1 84,000 140
Low (winter) 2 252,000 54

*Computed by Con Edison Personnel

~

Two Unit
Oreration ,
Exposure

Flow,gpm time,min.

1,120,000 9.5
1,120,000 | 11
336,000 - 35
336,000 40
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TABLE 4

EFFECT OF JET BOUNDARY SLOPE (C»)
ON JET FLOW, VELOCITY AND DILUTION
RATIO WITHIN THE ZONE OF ESTABLISHED FLOW

Conditions: Slope of the jet boundary within the

initial zone Cy = 0.16
Length of initial’zone Sy, = 6.2 Dg
Distance ‘ |
f£rom port Cy = 0.15° . Cy = 0.20 Cy = 0.30
along the Flow Velocity Dilution Flow Velocity Dilution Flow Velccity . Dilution
Jet G, £t cfs fos Ratio cfs £3 Ratio cfs fo5 Ratio
40 1623.0 ‘ 3.3 2.7 1023.0 3.3 2,7 1023.0 3.3 2.7
50 1174.0 - 2.9 3.1 1210.6 2.8 - 3.2 . 1282.0 2.6 3.4
60 1333..2 I2.5 . 3.5 1410.9 2.4 T3.7 1586.3 2.1 4.2
70 1473.0 2.3' 3.9 1612.7 2.1 4.3 - 1872.5 . 1.8 5.0
80 1624.7 2.0 4.3 1817.4 1.8 4.8 22C4.2 1.5 5.8
90 1779.4 1.9 4.7 2026.6 1.7 5.4 2524.6 _1.3 6.9
e




- EFFECT OF LENGTH OF JET INITIAL ZONE
ON JET FLOW, VELOCITY AND DILUTION RATIO

Conditions: Slopes of jet boundaries:

.

TABLE 5

€y = 0.16
C2 = 0.20
Distance* '
from the
dii:i:fge Sz = 4.0 D, Sy.= 6.2 D, A S; = 8.0 Dy
along the Flow Velocity Dilution Flow Velccity Dilution Flow Velecity = Dpilution
Jet €, £t cfs fps Ratio cfs fps Ratio cfs fos Patio
o] 378.0 10.0 ' 1.0 378.0 lo0.0 1.0 378.0 10.0 1.0
10 - 542.1 6.7 1.4 542.0 ) é;?‘ 1.4 542.0 6.7 1.4
20 . 7703.8 5.0 1.9 703.8 5.0 1.9 703.8 5.0 1.9
30 - 874.3 4.0 2.3 863.9 4.0 2.3 863.9 4.0 2.3
40 i675.p 3.2 2.8 1023.0 3.3 2.7 1023.0 3.3 2.7
50 1275.3 2.7 3.4 1210.0 2.8 3.2 118i.7 2.9 3.1
60 1478.0 2.4 3.9 1410.9 2.4 3.7 1361.3 2.5 3.6.
70 1580.1 2.1 ' 4.5 1612.7 2.1 4.3 1562.6 2.1 4.1
80 1884.6 1.8 5.0 1817.4 1.8 4.8 1766.6 1.9 4.7
90 : 2095.0 1.6 5.6 2026.6 1.7 'SL:‘ 1974.8 1.7 S.2

* from venas contracta
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TABLE 6

VARTATION IN DILUTION RATIO AND
AVERAGE TEMPERATURE RISE AT THE
CRITICAL CONTROL

Distance ‘
of critical Lateral w
control from Distance Dilution Average i
. . discharge of critical Ratio at Temp. Rise |
Jet Coefficient | port along control from Critical at Critical |
the jet & Discharge Control Control
. Sc Xc
€1 | 2 52 ft £t o°F
0.15 55.0 54.9 2.6 5270
0.10]0.20 [e.2 D, 53.0 52.9 2.6 5.70
0. 30 - 50.5 =50.5 2.7 5.50
0.15 ' 43.0, 43,0 2.8 5.30
0.16 1 0.20 6.2 Do 43.0 43,0 2.8 5.30
0.30 43.0 ~43.0 2.8 " 5.30
0.25]0.30 |6.2 D 30.0 . =30.0 3.1 4.75
. 4.0 D 1 40.5 =40.5 2.9 5.10
0.16 {0.20 | 6.2 Do 43.0 .=43.0 2.8 5.30
4 8.0 Do 43.0 ~43,0 2.8 5.30

NOTES: 1. The critical control was| upper boundary control for all
conducted runs. -

2. Average temperature rises were calculated - ‘using plant
temperature rise of 14.8°F, : -
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TABLz 7

,
COMPARISON OF JET FLOWS, VELOCITIES AMD
DILUTIOM RATIOS OF TWO RECTANGULAR JETS

Distance from

the slot along SZ =5.3 x Yo — S2 = 5.3 x Ho
the jet . Jet Flow Velocity Dilution Jet Flow Velocity Dilution
ft ) cfs cfs Ratio cfs fosg : Ratio
0 378.0  10.0 1.0 378.0 10.0 1.0
10 576.2 6.3 1.5 576.2 6.3 1.5
20 758.0 4.6 2.0 802.0 4.4 2.1
30 _ 933.7 3.7 2.5 1091.8 3.1 2.9
40 1105.6 3.0 2.9 1387.9 2.4 3.7
[] .
50 ©1275.7 2.6 3.3 1676.3 2.0 4.4

Note: C; = 0.15, Cy = 0.25 in both cases
W, = initial width of jet e
H. = initial depth of jet



TAELE 8

COMPARISON OF DILUTION RATIOS AND
AVERAGE TEMPERATURE RISES AT THE CRITICAL
CONTROLS CORRESPONDING TO RECTANGULAR AND
CIRCULAR JETS. FOR DIFFERENT LENGTHS OF THE INITIAL ZONE

Distance Lateral Dilution | Average

along the ‘Distance ratio Temp. Rise )
jet @ (S¢) Xc at critical (To-T1=15.8°F)
Conditions - ‘ ft ‘ ft control . °F
Rectangular 0.15 0.25 - 5.3 W, 51.5 =51.4 3.4 4.35
Rectangular 0.15 0.25 5.3 Hp 41.5 ~41.5 3.8 3.90
Circular 0.16 0.20 4,0 Do 40.5 ~40.5 2.9 ' 5.10
- Circular . 0.16  0.20 6.2 Dg . 43.0 43,0 2.8 5.30

Circular 0.16 0.20 8.0 Do 43.0 =43.0 2.8. 5.30

i

NOTES: 1. Critical control was upper boundéry control for all reported jets.

2. Average temperature rises were calculated using plant temperature
rise of 15.8°F which includes a recirculation effect of 1°F.
: o




TABLE @

CALCULATION OF ZCRE OF FLOY ESTABLISHRENT

ENTRATHFENT COEFFICIENT

a) Slope of boundary C; = 0,10

[ As o) Ao Uc D R* a
(ft) (ft) (cfe) (cfs) (frs) (f£t) (ft)
0 378.0 6.9
10 99.5 10 3.%6 0.040
10 477.5 8.9
10 97.9° 10 4.95 0.0314
20 575.4 10.9
10 : 96.7 10 5.95 ~ 0.0259
30 672.1 12.9
10 95.7 10 6.95 0.0220
40 767.8 14.9
b) - Slope of boundary C; = 0.16 <
[ As 0 fi%) Uc D R* «
(ft) (ft) (cfs) (cfs) (£ps) (ft) (ft)
0 378.0 6.9 _
10 164.1 10 4.01 0.0653
10 542.1 10.1
10 161.7 10 5.85 0.0440
20 703.8 13.3
10 160.1 10 7.45 0.0342
30 863.9 16.5 )
10 159.1 10 9.05 0.0280
40 1023.0 19.7
c) Slope of boundary C, = 0.25
s As f%) Ao Ue D R¥ a
(ft) (£t) {cfs) (cfs) (fps) (ft) (ft)
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TABLE 10

| |
CALCULATION OF ZOME OF ESTABLISHED FLOY.
ENTRAINMENT COEFFICIENT

Q

A

U

TU*

Uc*

R

R*

b*

C(£t)  (ft)  (cfs)  (cfs) . (fps)  (fps) . (fps)  (ft) (ft) (ft) o
60 1410.9 2.4 13.75
— 10, 201:8 2.25  7.36 14.75 10.42  0.0418
70 1612.7 2.1 15.75 .
10 204.7 1.5  6.38 ~ 16.75 11.15 0.0433
80 T 1817.4 1.8 17.75
10 209.2 1.75  5.72 18.75 13.26  0.0440
90 2026.6 1.7 19.75 5
10 215.5 1.60  5.23 20.75  14.68  0.0445
100 2242.1 1.5 21.75
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SUMRRY OF FINDINGS RUD CC’(E‘T.USIC?!S'

——

K

1. The Irdian Point ruclear gencrating statious is located on the cast
bark of the Hudzon River scme 43 miles above the Rattcry. Cooling waker
witharawvn from the river rerovee excess heat frem spent steam. The heated

water is Gischarged keck to the xiver at a point over 1,0C0 feet dowsstream
from the intake structure. . o -

water passing through the power plant cooling systen is crposed to an increase
in temperature and to less than a rospheric pressure, koth of vhich mey

affect the guentity of dissolved oxygen (0.0.).in the cooling water ond
subscauently, the D.O._concentrations in the river. .~ .t

Gassing of oxygen from water will hegin to occur atla’point in the cooling
systen at which the coxygen concentration in the water is higher than the
saturaticn concentration £ oxycgen correspunding to the tempoveiure and
pressure at that point. Casscd oxygen from the water creites biiLlcs wihich
are carried hw the water to the discharge, at which point they eve releasad
to the atnosphere. Scme reccupression of these bukbles may occur: dovinstyoam
of theé condcnser as the pressure increases hack to its original condition.
s is considered to be small because of the short.
on of the cooling system and because the ’
ocess than the gassing. ‘

The effect of this proc
travel tine in this scc
reacration is a slower Br
The purpose of this rcpert is to Geserile the c¢ffect on the @iscelved onygen
content of the Hudson River wvatcer resulting from loss of D.O. during

passage of the water through the plant. N : o

The solution to this problen was ceveloped in two phases. During th
phase (Item 1), the less of oxygen in the plant cooling system war cal
The second phase utilizes the result of the conclusions recached in Phose I to
calculate the corresygending changes in the Hudson River dissolved oxygen
distribution (Item III). B

9. fThe wathematical model of dissolved oxygen loss in the cooling system
wvhich was developed for the study recognized a lincar relationship between
the D.0. change over a coxrtain period of time and the difference between

‘saturation concentration and a given concentration of D.O. Dissolved oxygen
solubility (saturation) is primarily & furction of water temperature and
pressure. Watexr temporatures and pressuvres in the ceoling systen were calculated

using available coocling system characteristics and were expressed as functicns
of location in the syrcicm and were related to cooling water travel time
between the irtake and discharge. ' B '

For purposcs of calculaticn, the cooling systass of both genexating units
were divicded into sevoeral reaches. Al calculations wexe initiatcd at the
upstreem reach with the entering dissolved oxvgen concentration cqual to

the river concentration at the jntake. the concentration at the cnd poinc

of the fivel reach was nsed.ad an- initialk cos antration for the subsequent T

‘xeach, " The:calculationg were repéated until tho firal D.O. concentration ©

. . . -
. * . . 0
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in the cfflucnt from the condensers were determiined. Loss of oxygen
in the total system was computed as a diffevence ketween the intelce
ana discharge values ‘ '

The rate cocfficient of oxygen gascsing wes determined using the model
. and CL&M measurcrents of dissolved oxygen taken at the intake and discharge
structures of Indian Point Unit lo. 1. The teste and analytical determina~ | -
. tions of discolved oxygen were made in accordence with thc irost recent
‘ ~editien (13) of Stardard Mothods for the Exerination of Waler and Waste Water,
Wator temperatures were measurcd using precisicn \LGLAOuCtCl certiiicd by
the Rational Bureau of Standarxds.

During the D.0O. rmeasurcement survey, Unit llo. 1 was operating at rated copacity
and the cooliny water flow was 204,000 gpm, i.e., throttled to about €55
of design flow and average cooling water temperature rise was 16.4°F. 7The
observed average intaeke concentraticon of dissolved ciygen of 10.48 ma/l
and the average loss of .12 r5/1 in the coollng system indicates a rate
coefficient of oxygen gassing of 9.0 x 107 /ccc which corresponds to
780/cay. o :
3. Jﬂdnllirj of thke Hudson River response to the 1nﬂ1ant dissclved oxygen
loss included rmechanisms of (a) municipel and irndustrial liguid waste

. @discharge, (b) transport by advection ard éispersicn, (e} firct-order
bio-oxidation, (d) reacration, (e) benthic oxygen uptake and (f) a zero-
ordcx constant to azccount for other mechanisms such as addition of B.Q.D. .
due to organicm mortality, addition of D.O. by 2lgal photosynthesis, etc.

For prurposes of this medel, the Hudcon River was divided :to 25 segments

between the Troy Dem and the Battery. Material kalances of R.0.D. and b.O.
. verc developed for cach cegrment ond a set of 56 .;11’;1u1taneous qmt.LOuu were

generated by inserting the scgment B.0.D. and D.O. solutions into the
appropriate boundsry cenditions. The simultancous cquations were solved on
. a digite) coiputer using natrix inversion.

The effect of the Indian Point plant was introduced into the model as a direct
withdrawal of oxygen frow the scgments adjacent to the plant. For each ]
. conditicn studied, rung with and withecut the plant in operation wvere nodelled
~ to deterizine the éifferences of river discolved oxygen content and
concentrations.

4. Yurther broadly catacorizéd sumcer and winter conditions were used to
veflect the scusona) differences in river freshwater flow, dispersion and
tomperature with the corresycnrding river dissolved oxygen concentrations and

saturations and the differcence in the plant operational characteristics such
as rate and in-plant tcouperature rise of cooling water flow,

The prediction runs were made for the 1971 and {future (1990) levels of

river dissolved oxyaen conzentrations. The future conditions were character-
' ized by an increasc in river ‘dissclved oxycen recosnizing a planncd }unhcr

level of wastcewater dischargc treatoents in the future,

C. hnalytical results of tlﬂ cffects of in-plant loss of D, O. on river water
‘ cunder all cenditions veced in this roport are amariced in Table S-1,
© .. .5 "Tho yesults of the anclvees Sndiciie {hat thd lors cf (*“"ﬂ ved, cuyser ;
L. .. . ) . . "-. . ! ", .,‘ _.. ) ‘ .'. .. - ..:
. X N . ' L.'. . . :‘ ' . ' . A ) . . . .
SO i IR - Quiviv, aw b L'Alnlluﬁ‘y},nggvu:urﬁ

D, i . . X ; . . . . . . . . .




EIFICT CF INDLANT DISSCLVED CXYCEN ILOZS CN KUDSON RIVZR

. ' - N CIS30WVED G\“CEH DISTRIZUTION AT INDTAI PCINT

Present Condition Future Conditions
Ttem Surmer 7 Wwinwer sumnmor wirnter
e RIVZR TARAMELTRS . .
Tiver srbhient temrorature, °OF . ) 7% 33 53 79 33 590
) Froshwncer fiou, is 4,00 ‘ 12,508 4,000 12,238
. River amhbient D,O, concentratisa : 1
st I, ma/) . 6.5 11.3 9.0 7.5 217 5.7
PILANT DARNNL
TAarsva to ey °r . 79 a3 50 79 33 ¢
. Plont coeling water SoTp. . i _
yie~ OV 1 247 V24,7 14,8 24.7 24.7
Dizenlavge Tenperiiuee
' lreur tady oy 94,0 0.0 26.0 GA.O 2.0 75,6
- -t Conlirs wirer flaw, arfa . 2, 5C0 1, 500w 1, 800" 2,500 1,49C0" Y, nlu
D,0. uaturation, mg/L
, - a2t intike .2 1404 i1.3 8.2 a1 11.3
. - 5t dincharaoe 7.2 2C.3 8.5 7.2 10.3 £.5
. - ’
. INDPLANT LOSS GO DISSOLVED CrYSIZIN FRCH .
THE CCOLING WATLR ‘
Tay N
6.5 | 11,3 3.0 7.5 21.7 s.7
. L ! - .
6.3 10.¢ + 8.8 7.2 1.2 5.3
. 2,300 3,400 2,529 3,500 3,EC0 3,280
. .17 G.a2 0.21 0.26 0.47 0.40
~ R
4
EDPICT O BUNION RIVER DISS LVED CXVGIN
_Dz... RINUTION
. ! - River arwicnt D,0. COACEATratisn ' l
e T.0,, wa/d 6.5 11.3 9.0 7.5 1.7 9.7
i River D.O. concontraticn ot I.P. i
. inclulding plant operation : . |
. {rewndnd) , masl 6.4 11,27 8.08 7.47 11.67 | 5.87
: S ¢ Lin river 2,0, ¢oncentration ;
. i |
. /1 (reundcd) . 0.C2 5.23. 0.02 0.C2 0.C3 | 0.02
X . of ambiant concentration - 0.330 [ C.24 0.25 c.238 | .23
- 2 &¢ vozal Lewer Husuon River Centent ¢.C7 | 0.6 | 0.02 0.C7 C.C5 ¢ 9.8¢
t
y
g < . . . . ‘
£
3 N . .
¥ - L. .

AR
.
.

lirg water £1ow thro: tled to about 60% cf full ,i.du:‘.r.g winter months
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"of akout 0.2 ny/) during sumrer and 0.4 ng/I Suring winter in Indian

‘Point Units 1 and 2 water cooling systems will decrease Nudson River
dissolve d oxygen concentrations ¢t Indian Point by akoun 0.3% (0.02 /1)
ent 0.25% (0.03 mg/1) during surner winter roiths, resnectively. The
corrcuy\rélnc decrease in total Eulscn River dissolved oxygen content will
range from 0.08% to 0.07% of the ambient centrat withouu the plant in
operation. o ‘ " .

These cifects are insignificant in comperison Vlth other deoy :ygenation
processez @nd are below the ninirnum detectable concentrations of diusolved
oxygen, using accepted procedures for D.O. measurcnent in flowing strecans.
The Rew York State starndard for dissolved oxygen in tidal vaters is

5 1ng/l. The present D.O. levels in the Eudsor River at Indian Point cre
normally well above this value. Even if such 2n occassion were to oueur

in vhich the river D.Q. corcentration falls to 5 13/1, no ehscrvable effizct

of the inplant D.O. lJoss on dissolved oxygen in the Hudson River would
occur., : :
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M¥emo To: Dr. Anthony ‘.J.' Sartoxr, .Office of an_\rn,hcntdl hff'.‘
Consolidoted #disen Company of lew Yexrk, Inc,

1':ror: Dr. Yarcl z. Xcnrad, Project Ehginecr'
Date: Febhruary 4, 1972 : c N » i
subject: Effect of Indiun Foint Plant on Hudson River Dissolved Oxygen

The nuclear pcwcr plant at Indian Foint is Jecated on the east hank of the

Hudson River some 43 miles above the Battery. Cooling water withdérawn fvaia

the ludson RIVQI j& uscad to remove excessive heat from‘spent steam. Healed

water i @ischarged back into the river wore than 1,000 feet drwnstream

of the intake ¢Lructvre. Figures 1 and 2* show the location of the

Ircian Point site ard details of the intaie and discharge structures.

The cooling vater flow of Indian Foint Units Nos, 1 and 2 is 1,120,060 gpia.

ihe hecat transfcrred into the cooling water in the condensers increnses the

water tempoerature by ubout 15°v. raditionally, water passing through the

‘cooling systenm expericrees changes in pressurc. 1In some rcgions of the cooling

water systanm, this pressure drops bzlow that of the atrmosphere. This is due to

the Gcsign of the system taking an zdvantage of the well krown siphon effect.

The advantuge of such a Cesign is that less power is needed to circulate water

throu'h tbL syston, : ) '

The plant temperature risc and pressure cLaz aCs affect the concentration of

dissolved oxygen. . . :

. ' .

The purpose of this mewmorandun report is to estimate the change of dissolved
tration in water passing through the Indian Point Units Nos. )

oxyqen concentra
and 2 cooling water system and subscqi wently, the effect of the Pluhu cperalion

on the Rudson River c¢issolved oxygen concentrations.

'

I. Change of Dis solved Oxveen Corccontyation in Nater pa
Point Units

> Cooling \.“.1.'.1_ L)'s,gc,..\

A. Theorcticea) Censiderations

pon-variable quality of water in the cooling systenm, the

Considering a \
deternined by the press ure

solubility (saturation) of oxygen in water is
in the pipe ard by the temperature of water.
If, at a given point, the solubility of oxygen 35 less than the actual
concentration of dissolved oxygen in the watex
oxygen will tend to be releascd from vater (oassing).

55 propezticnal to the aifference boetween the saturetion and actual

concentyation of oxygen.

The rate of change

as follows: ] : .
¥ Report figures and tables follow the text. . - . .
: .. . . . ' » .

ot . e ) i ". . ) . ) . . . '..
Cor v Co L ()xx\l. a\\lvl‘”’anltnrh\’fdlqdlutcr:

ssing through the Indian

particles passing the point,

“This can be expressed by a dlffC)Cnula] equat tion




. Yemd to: | Dr. knthony J. Sertor, Office of Envﬁron:ental hfairs
Corsolidated Edison Company of New-'York, - Inc.,

Date: Fcbrua&y 4, 1972

' ac o o A '

2 ) . . e es (l)
: | . - i . V ' . R
- ' vhere: _ o ‘

the saturation of oxygen in vater at a given “emperature and

N

C =
s .
- pressure - : : ,
C = the actuxl corcentration of dissolved oxygen (R.0.)
t = tire : : e .
K = coefficiept . ot S )

For purposes of this study,- the cooling system of both units 1 and 2 can
be divided into five ccrsccutive rcgions.  (Sce Figure 3)

Region 1 - -Suction rirz of ccolinc vater puTps

PRRS T T TIPS N R

. The tcmperature of water passing throuch the suction pipe is equal to
- the river texperaturce and is constant along the pipe. S

Te e
- -

The pressure decrenses from the intake to seore minirum just before the
cooling wvater pusps. This decrease of pressure (belnw the atrospheric
Pressure) can cause ¢assing of oxygen. lowever, the travel tims thyouch
the suctien pipc is very small and the anount of oxygen-released from the
‘ rater will be small. Furthercore, in the sccond rart of. the ceoling systen
the oxygen loss will ke recovercd due to relatively high pressure. There-
fore, Regicn 1 of the cooling system will be omitted in the calculations.

= wie ek R Tuin

Region 2 - Pipe downstrean of the cooling water pumps up to the inilit to
the condenseoy

This part of the cocling cystem -is characterized by constant water teinpera-
ture cqual to the river teomperature and pressure decrcasing from a maximuam
just after the pumps to a mininum at the entrace to the cendenscer.. This
minimum pressure is gencrally less than atrospheric pressure.

From a loczticn vhere the pressure is dropping.below the atmocpheric
. pressure (or more accurately, from a location where Cg=C) the oxygen will
again be released freom vater creating bubbles over the entire cross-—
. sectional arxca. These bubbles will be transported by the flow through the
cordenser to the discharge channel which has an open surface, where they
will be rclezsed to the atwosphere.

Reaion 3 - The Corcdonsor

L S R * em—— e - e

The condenser rezion is characterized by an increase of'tcmpe:atuxc Ifrcm a
, piniimen ot the inlet (T=75) to a.maxinia at the outlet ko of the condenser
. Cetie o (EETEATL) . whe rfaséu:v“ﬁcczcaﬁeb'fr:m the-inlet to-thi¢ outlet kox dup. .
- ‘ 00 to thre frickien losses 3w lhe condencer. The Gassing. of

discolved ontvacn
© . continuesthroughoul tids xogidn, . L L S,

tae

P~ e

. .
. . . . . . P . .

I LI U I et ()1{ifk\13|§vlul'?’\}:M!rsl;y'!knqi.utvxw:1'
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i .. . Kano to: Dr. hnthony J. Saxtor, Office of Envirconnental Engincering

; COhcolldeCd ‘Edison CC'“any of Now York, 1nc. )

i : .

1 . Datc: Fcbruary 4, 1972

i

i

3 . - s

3 ‘ . A For practical calculaticn, this part i: simplified 3in such a manner as
to compute conservative results, i.c., the increase in cooling water

terperature 6ue to the condenser is assumed to occur instantancously
_ at the inlet, and the'tc" serature is constant through the condenser.
‘ Bowever, as will be's?‘ozm later the temperzture rise effect is not
sigrificant compared to the pressure drop influcnce.

e d

[y

scharge channel

po

P

Recion 4 - Pipe between the condenser and tl

The water tomperature is constant ard is egual to temperature in the

condensex (‘TP = TR + ATP). . S

The pressure increases from a minimum at the corndnnser cvtlet Yoy to
a maximum (atmospheric) at the outlet of the pipe.

Some recovery of oxygen loss should be erpected due to an incroase of the
. preosure. The travel tiwe through this pipe, however, is small and,’

therefore, this effect is neglected in the calculations.

: Region 5 ~ Discharce canzl \1th a free water suvrface P

The Lcureratu:c as wecll as the pressure, is assumed constant along the
. L,x cinrezl @1l e vl yy el uum-u.u...: LOrT:ed JJR I\L’-\JJ_U“ - bcg.;.n tram;port ACYUoso
the free water surface. '

‘ The solubility of oxygen in water can be approximated using Henry's Law:
Pp
X = —
4 3
cvet 2]
. wvhere:
XA = nole fraction of oxygen in the water
Py —:—"partial pressurxe of oxygen in air, atm.

H = chry's'factor, vhich is a function of the temperature and pressur,

Henry's factor is considerxed constant for a qiven Lchperaturo of water and

for pressures cqual to or less than Y.0 atn. . .
: The rxelationship between the wole fracticn of oxygen dissolved in water

and the solubility of oxygen is as follows:

XI\ 2= e .
, 6
SR | o © 3218 Co e o -
_'l’ - . o ..-_f - . o o ‘ Lt e g L L _'.'
o.. . K .. ' 'v. ‘ :;.:: .: . . ‘... ' . . . ' '. . '. '.' . . ., .
, e IR . : Quirk, Lawler T\ atuke Ve inee s
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. Mero to: Dr, hnthony J. Sartor, office of Envivoriental nffairs,
Consolidated Edizon Company of New Yor), Inc.

- Pate: Februvary 4, 1972 L S B
‘. . ’ o . _ .
vhere:
. _ R .
C; = the solubility (saturation) o
T - (or wg/l) ) :
32,18 "= woleculer weights of oxygen: (0,) arnd weter, ze~pectively.

f oxygen in water, ppm

Solution of Ecuation 3 for Cg yeilds: . .
v C . = - }:PA . >3'?. 106 N . “‘_ ’ A ’ Y
: s (I“XPS 18 : ‘ ‘? . S
’ cea i)

Because the mole fraction of oxygen under consideration will always
be smzll (in the cxdex of 10-6), equation 4 can be sirplified: e

106

a
0

1

>4
>
=W
[eof )

.

j.-' ‘ . » ...(5)

Substitution of Lquation 2 into Eguation 5 yields

-+ Pp 32 6
S Cs 7 n g 0 ‘

000(6)

In regions of intercct to this study, i.e., regions 1, 2... the
partial pressure of oxygen is always less then 1.0 atm. and,
“thercfoxc, Henxy's constant will only be a fv

Furtherrore, the water temperaturd is considercd to be constant for each

‘ region. This 1eans that for a eiven rcgion of the cooling water systaon,
Herry's constant is {ived.

The partial pressure. of oxygen. in air can he cxprcsscd"as follows:

«* . .
’ . . . . ... .‘- .
. . . . r.:o . . '. . a . : a:
) . . RE R . . oo, . K :
. . ) . ' ' . ' .. . ... ' : ’ .‘
| ) : . - . (l\‘ifk1l.ﬂ\\1lﬁr-J'Nl:n\lsl;}'th:qil\unsfu

antion of the water tamperature. -
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pemo to: Dr. hnLhowy J. Sartor, Office cf i :ntcl nffairs,
consolidatud Edicon Cumpany ol WL inc.
K
pate: Februaxry 4, 1972
. tPop = Y P
° oY
[
vherao: )
P, = partial pressure of O,
Yo = constant y, = 0.207
p .= pressure at the given locati. | .2 cooling uvater systcm
hus, * the solubility (Cp) Of o¥ysen in ~ssing through the cooling -
syctcﬁ can b~ enpressed rlxw111y¢'~ e 25 follows: - Y

. | | - . ' | . . 3 . . A .os.(-l)
vhere: ‘
n o= 0.207 32 106 = & ry of oxygen in water at
o 18~ : 2 - . temperaturc and the pressure

. 1 ' «. . 1.0 atm.
i 0.368 x 106 :

p = the p)eqsuxc in the cooling o “.jch is a function of
the location in the (OJ]l.ﬁ s considering the travel
time of the puyrticle tir o ing systenm the pressure
is a function of time

substituting Lguation 7 we gct:' ' .

ac N ,
3T ~ K{np(t) - Cl

il

ox:

o 4c poxe = R(L) e s
.. &E ' ()

', : Matusky Eagginooers




Memo to: Dr. Anthory J. Lartor, Office of Environmentol Affairs
- Consolidated Edison Company of New . York, Ins.’

Datc: Februaxy 4, 1872

\-:hé}:@:
R(t) = ¥ap(t)
‘. [4

The general solution of the first order nonhomogencous Eguation € is:

c(t) = e Kt jeKtR(t)dt + C*| ':, .

. . [ o . | ' | . ; .‘ '.‘._:‘A - . ..’(9)
vhere:

C* = an integration constant
If it iz assumcd that the pressure in the particular pipe line -
changes tinecrly along the line from soxe initial value Py to the end
value P, (this ic tvur <2 the velacity ip the »nirc is constant, the
pipe has corstant slope ard no sighificant local hcad loss is present
betwcen the initial and end points), the pressure at time t will be:
. - . t-t,
= p + (P, =P )i
P (e o 1 ° %1 7%

e..(10)

tine measwred at the initial point

s

o
1

t, = tire at the end point
If initial time is sct to zero, Lguation 10 becomes:

| S t
’p(t) =_ P .+ (Pl PO)EI

e (11)

\ ’ .
. . ‘. 4" :.
. ’/' . . - .o . i .__',, L IR . A
' oy Lo Quirls Lianwler TN ntnaky Hanineess
" . * .
1 .




e Méﬁo-tqi Dr. Anthony J. Sartor, Office of Environmental Affairs
. ) "Consolicdated Edison Coumpany of lew Yok, Inc.

Date: Fcbruary 4, 1972

K{t) - AP | = > 4 KA #; ,
f\‘) = FAD (t) KAPO + tl (Pl PO)L

oo (22)
Then, the general solution of Equaticn 1 is as follows:

c(t) = e-ktl) Reppop 4+ KA (p Lop yplar + cx
fo] tl 1 o)

* | . . . ! | . . ' . ’ ' e e (13)
After integration the solution Eecomes:
. A (P -P ' AP "‘P. | ‘ J TR
' A c(t) =, APO + L.P_l t ,4.%_,%__9_)_ + ot K
® | : =
' Cese (14)

The integraticn constant C* can )l Jeterriued from the boundary
condition described below. ' ' ‘

At time equal to zero (t = 0} the concentration must be equal to its initial
value (Cy_.n = C,). The initial value concentration Cg is either known
or is computed as an end concentration of the previous region. Thus:

A . A(P,-P )
C = AP - —2 0 4 cx
ox: )
’ A(P,-P )

C¥ = C + —2L O _ ap

o] Kt (o]
X
. ' S\‘:bs{:itutfing the ;x‘.a':r'\"(; rezult into Eguation 14 the paxticular solution of
' Equation 1 is as folleus: i . . - ; '
T owe ._l', o ; . o :,()thqIgnvl&nEfkfnlﬁdksﬂingiﬁunrs’

D . :
. . . '

. . . . N . B .
. . - N . N - 3 1y .
L . e T I, T Ty




pemo to: Dr. hnthony J. Sartox, office of Environmental Aefaixs .
Consolidated Ldison Company of New York,. Inc.

atce: Fehruary 4, 1372

D | l . N - - . - l

A(P: T
A( 1 PO)

Kty

| wn g AP, P)
a-aty+ce +..t}‘.—-9———t
o 1 :

~K
£

Lus)

vhere:
P = the initial value of pressure in atm.
= {he cond value of pressure in aim.

1.
A = §'0.368 pe 106, ppr/atm

Y

: , ©
n = Henry's constant for a given temperature
t = the travel time from the initial point to a given point, sec.
ty = travel time between the ini%3a) eénd end points, sec. -
C, = initial value of D.O. concentration, ppm
® = the reaeration constant, 1/scT.
l' For the case of the discharge canal, recion 5, with constant tempcrature
and pressure {equal to atnospheric pressurc, i.e., 1.0 atm.), the Equation )
15 simplifics to: ) :
] . ’ _l(t . ) . .
c(t) = A+ (Cg-Me
' iy ‘ ]
- : © L ... (18)
since A is the saturation of oxygen for a given temperature and pressure,
cqual to 1.0 atm., Eguation 16 can be rewritten as follows: ‘
' ‘ -Kt ¢
‘ c(t = ¢c_+ (c.~-C e
® (t) L+ (Cy = Cg)
... (A7)
‘ The total change of Gigoolved onyacn concontraticn in watex passing threugh
: the cooling watex eyston is then the ditference between the river concuntyas
Jtion ot the ountfall. . O ST © C T s . ' '
' 27 L . T, C e
2t e e " -()uirk.Luxvh:yﬁ’)!nllhd;ylingixuiqrﬂ
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< ﬁpmo to: Dr. Anthony J. Sartor, Office of FHVl)CFTCﬂpﬂl Lngxncorlng .
o ' Conﬂo]>g< .¢d Ediscn C‘""prj of MNew York, Inc. :

] : . .

2 .

i ‘pate: Fehruary 4, 1972

Usc. of the above- pvc"nntrd mod cl requires a knowledge of the coolin: water
systcen parameters, meinly the variation of pressure and temperature
throvghout the syrtenm, and of receiving water kedy parameters, j.e., river
dissolved oxygen concentrations.and ambient temperatures. The cooling
“water systom paraiseters, ac well as a description of the system 3s given in
the nent item,  The rxiver poramcters and rccent ficeld measvroments of
change of the digsalved oxygen concentration in the water passing
through thc Unit Fo. 1 cooling watexr systom are described in item C.

B. Indian Yoint Conling Vater Systcn Parameters

Unit ji:_l._

Two condenscers of this unit are supplicd with cooling water by two
circelating water punps. 7The circulators are lecated at the intake
and punp vater through separate 84" I1.D. lines to the condcnsers.
At the ccndenser, each line bifurcates to two 60" lines which are
. cross~comzcicel to the four inlet water box nozzles in such a manrer
: that each punp secrves one zone in each half condensex. The pulpo 5e of
- B this arrangazent is to pJOVlQO equal back pressures on turbine cxhauSLs
wvhen eithex punp is out ‘of service. : ’

Four soposate 60" TR, lines condnct the river water from the condenser

| ‘ ' to the discharge canal wvith free vatcer surface. 2 72" I.D, recirculation
| loop having cight 36" nozzles at the screenwell has been provided for
i .

river "de-icing" purposes. Watex acdmission to the recirculation loop

| is controllced Ly four 42" manvally copecrated buttexfly valves on the

- yiver water discharge side of the condenser. Figure 4 shows diagramati-
} ' .cally the arrangement of the cooling water system.

Each of the fowr inlet arnd four outlet lines is provided with a rubber-

seated butterfly valve. ¥hile one purpose of the valves is that of

isolating the condenser of acid washing, the valves primary purpose

is to ramcove cither half of the total condenscr of the centixe

condenser frow service for cleaning water boxes or plugging leaking

tubes.  The valves on the discharge side of the condenser have been used

“also to throitlce the ceoling water flow during winter conditions. The

purpose of flow throttling is to reduce the intake velocity and by this
: . nmanncr maxinmize the degree of protection for fish. This is usually

done during winrter nonths

The unit design cooling water flow is 280,000 gpm, the water :
‘ temperature rise in the cendenser s 14.0°F at rated caepacity opcration.

During winter wonths, the flow may be reduced to 60% of full flow, i.e.,

to about 165,000 gy, This flow reducticn results in a .condenser

Lc.} atn.c yice of 23.3°T,

L 3 T e SRR e C ()uxxk..u\\l(xf' \lalu\l\\] n'nnn SN
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Fero to: Dr. hnthony J. sartcy, Officce of Environmental hffoirs
L] . N
C . consoliciuted Ldiscern Company of New York, Inc.
L4
‘Dace: ‘Febrvary 4, 1972

Pable 1 swsmarizes the VdTluLJ(n of the prescure and temperatures,

as well as the travel time of the water particles passing through’
the Unit #1 cooling water systen for conumtlcns of decign, i.e., '
- 100% conling water flew and €03 ‘flow. Tha cures at the selected

locations ¢f the cooling water systom and Lhﬂ Llavcl tine between
thiese points were couputed using 211 availalle information about

the systzn sizes, pump characteristics and other bhydraeulic chalp:tu11°—
tics cf the cooling waler sys stem. !

ns-were sclected to catisfy the basic acswaption of
icel modc) as much as practical. These asonaptions were
j5ation of tne pressure and a cons stant temperature within
- : , .
_)

PThese 1ocntio
the nmathanatice
a linceax var

any cocling systeair reach.
unit 2 : : ' .

The Unit 2 cooling water sy

ctem is provided with three condensers.
- Each condcnser is @ivided into two separate eqnivalent zones, Each

of these condenser zenes is surplied with cooling water from ong of
six circulating water purps located at the intake. The design c~wncity
of each punyp is 140,000 ypn. at the design head of 21 fect.

L

yrom tne hydraulic yuivt oi view, the Unit fo cooding water systen

can bc AsviGed into six identical units, consisting of:
~ circulating vater pump with the suction pipe : .
- plP“ connecting the pump and tEe inlct bLox of the condense
) ocutside dianctoer of this pipe s ecqual to’ 84 inches in thn féx

210 feet of length and to 96 inches for approximatcly the Laot
45 fect. '

-~ inlet Lox of the condenser

- onc half of the condenser

~ oullet box of the condenser

~ @ischaxge pipe conducting the ccoling water from the outlet
box to the discharge canal. ' '

The outlets of the dluvhaxgc pipes are located at the uppermost reach
of the discharge canal, more than 100 fcet upstream of the unit {1 .
discharge. :

nn adjuctable wier, ]ncatcd in the c¢ischarge canz) approximately €0

foel dovnstrean-of tho discharge of Unit #2, is operated in such a manne)
that the water surfecce in the Qischarge canal ot Unit 2 is coenutantly
at an clevation +5.5 feet above mean sca level regardless of the unit #2

cooling waters flnu.

. Yor purpscees of the waterx coolixg flc“ reduction during winter ronting, -
cach of the si units of the unit 2 cmolJ\ vater systen will be

CpY ovn(xo'i with a'- b"]‘u.., PLPC CoNN sted to »ho main Jine just qow xv‘lrr\..\

T . LT ’ : -
¥ e . (Wlllllx.lll\\l( r \1 llll‘l Snnineey

. . .




#eno to: Dr. knthony J, Certer, Office of Enviroizaental Enginccring

oo “Concolidated Ldison Coipany of New York, 1nc.
pate: February 4, 1972 - . . , .
.of the circulating-wa ter punps.  Phis pipe, closced by a valve undoer

full flow opeorations, will LOH'U”“ 40% cf the water cooliny flov

fyom the main Yine kack to the intake. structure. he flow in the system
will ce throttled by an adjitional incrcase of fricticn at the outletl
hox of the condeasor. ' )

The Unit %2 cooling water system arrangement is diagramatically
shown on Yigure 5. '

Toble 2 summarizes the computed veriation in the pressure and tooperature
. risc and g*vcs Lr avcl times betucen the selected locations of Jhe

Unit {2 cooling systen for an operatien at the design ccoling -witer
' ' flow arnd at a flow rcduced to 60%. The proccdures of hydraclic
calculations, as well ss, or similer to those for Unit

Jhe cooling vater discharged from the concensers flo": thxough the

scharce ca nul with a fyree suriace and f11~11y ig v'h.LJoa ack
to the river through the discharge slots (4' x 15%) 10ﬁutud in the
discharge canal wall” L“1u1101 to the river bank.

The water surface elevation in the discharge canal varies with Eﬁmg,
reflecting rainly, the tidal variation of the river water surface
and partinlly, the rate of the cooling water flow. 'The water depth
varios alang the longth ~F tha canal, At mesn low waber it is akout
17 fect at the upstrean cnd of the canal and akout 20.5 feet at il
discharge slots. ‘he width of the carnal changés with location from
about 18 to 60 feet. The totzl conal lergth is acbut 1,360 feet.
Trhe travel time of a water particle from the center of Unit #2

~to the center of the discharce slots is akout 6 minutes for conditions'
of design flow, and about 10 mirutes when the cooling watex flow 1is
~rcduced to G0%,

C. Hudson River Faramcters and Measvyronents of Chanqgce of Dissolved Oxygen

Concontration ot Indian )o‘nL

Rivey Arbicnt Tomerature

Temperature messurenents made by Con EQ at Indian Point in 1963 and 1964
shows that the river tesperature changes frem a mininun of zbout 32°
in Pebruary to a maximam of 79° in august.3  (sce Figure G)

Avalleble tepperature nea suréments ower.a ten ycar period from 1956
throuzh 1965 conducted at the Lovett plant inteke structures show
similar resulis. The lovett plant is locatcd on the west hank of the
of the Nudcon Rivery and is appyeximately one river nile downstreanm cf
the Indian Point site.

’ : . . . ) p ' .o » : L . ' ’ .. 4!' . .. LT e .
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j . Veno to: br. Aanthony J. Sartor, Office of Envirorrmental hffairs
! Consolidated Edison Cormpany of Kew York, Inc.
3 . — ’ L] ’
4 Date: I‘c)“‘t' ary 4, 1272 . . )
{ ‘ River Dissolved Cuveen Concentritions . . o
| Several water quality surveys nade @uring recent years in the vicinity
: ‘ . . of the Indian Peint site JO"/LI ‘a2t the raxinum dissolved ouyoen concen-
‘ tration in August is 6.5 prm.” The 1670 measuvrcizents at the Indian
| Point intche indicate that an avereage diccolved oxycen concentration is
: ﬂbouf 11.3 prm, wvhen the temperature reaches 33°F daring winter
: conrnditions, , - " '

River Salinitw

5 The river salinity varies during the course of the yeer, and {rem
year to year. Tre mzin factor affecting the Nudson RlVU calinity
is the freshwater flow. A higher salinity corresponis to a loves
frestarater £lowv and vice versa. Long term average sunner froesh.ater

© flow io eppramimately 8,500 cfs, while the average winter freshwatcox
flow is 14,000 cfs., Coxxcsponding Eudscon River salinities at Indlian
Point are 4,700 my/) and 2,800 my/l, respectively.

GO]V’Q Oxyaen Co“ccntr tion in the In®an

————
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Unit 1 intake and 0:5cha190 were conducted recently by Con Id

‘ : and QLELM, ‘ : . . . )

Measurcinents were taken ecach hour for a pericd of twenty six rours.
Each tine, several water samples and tarperature neasurcenents voxe
taken, two in the intake st:uctvle and three in the discharge canal
(50" downutreanm of the last condencer) to obtain representative averages
’ ‘of inteke and discharge dissolved oxygen concentrations.
Yeriodicelly (approximately each flfth carpling}, river watcer samples
in the vicinity of the intake structuwre and discharge watcer samples
from the dovnstreom roeaches of the discharge caral were taken. These
samples showed an insicnificant veriation along the discharge canal and
a negligible diffcrence between river ard intake concentrations.
Tests and anzlytical detexninations of dissolved oxygen were made in
accoxdanrnce vit)h the nost recent cdition (13th) of ffﬁfgﬂlf.gfibﬂﬂi
for the Exaninnticn of Watoer 1nd'l-.‘aste Vater. Water temperaturces
WOYe 1measurea Lsing -];;(.‘CJ.!JJO thernoncters certificd by the NHational
‘ - Burcau of Standaxds. : .
' ‘ During the survey, Unit ) was operating at rated capacity and the
cooling water flew was 204,C00 cin, c.e., throttled to about 8575,
The averayge cocling water tcmpyrature.izso corresponding to these
. ©eonditions vas 16,4°F. 0T L .. . ; C X

S
.
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JMnmo to:  Dr. Anthory J. Sartor, Office of Envirenmental Affairs
‘ Consolidated Edison Company of New York, Inc.

Daﬁe} Febyxuary 4, 1972

,Table 3 curnarizes-asl the intake wrd discharge ternperatures, as well
as dissolved oxygch concentrations measured by QLEM during the
sampling period. '

¢

The tabulation which follouws lists the charsctericstic values of variables
neasured Ly OLLM,

Intake Discharge  Infake Dischaxge ’ .
. Temp. ¥ Tenp. D.o.t* p.o.*¥ LD.O.*
) _(2) (3 (4) (5) (4 -5)

.

Average 43.8 60,2 10.48 10. 30 -0.18
. Maximum - 45.5 61.7 10.70 10.50% -0.30

Minimum  42.4 ' 58.9 10. 30 ©10.10 '-0.00

~

The nca ured lesses of dissolved oxygen range frxom zZero to 0.3 mg/l
vhich yesvezent woxo 0o 2, R% of the intake N .0O. concentration: She
cffect of these jnnlan¢ losses on the river D.O. concentrations at
Indian roint is insignificant as it will bc shown in item IXII.

- Sm— G—— ——

2ion of NDissolved O ygon Change in the Cooling Water Systems of

The matheratical medel of a dissolved oxygen change in the cooling water
systen, prescented in item A, was, for practical considerations, computerized.
The cowmputer input consists of: ’

~ river parameters (water temperature, dissolved oxygen concentration
of the intake)

- cooling watceyr paramcters (pressurces and temperature riscs in o B
sclected lecations of the system) , ‘
- net xate of change ccefficicent, X : ’ : o

The coiputer ouvtput ic the discolved oxygen concentration in the cooling
vater discharxged from the cordenscers ot the canal. Calcmlations arxe nade
scparately for the Unit £1 and Unit #2 systems.  The two oltained discharge
Gissolved oxygen concentrations arce then cexbined to cobtain the concentra-
tion in the mixced water f{rom both units,

+ qupcr(tvve in °F ) . : .
CHE Discolved o..yw:'l in peay - . . : . . :
* o Excluding two sdnples indicating increase of D.O. in the sysbtew. | . O .
. - R L T “Quirk, L.awler l’ﬁl;)(n:d;}']fn(iih«utrs
. . .. " ) . * t . <t ‘ E . ., T 'v ’ . C . B .




. Memo to: Pr. Inthony J. Saxrtor, ffice of Environmental Affairs
' ' Consolidated EdGison Company of liew York, Inc.

patc. "~ pebruary 4, 1972

Vers fication of the Mathorstical ltodel
1v1on 0. L - -

QLLN'S noasurenenis of dissolved oxygen concentrations at Irdian

point tulien in Deecember 1071, .ard presented in the previous item,

weré used. For the prupose of verification, the entire sct of data was
Qivicded into several groups, according to the intake concentrations

of D.0O. TFox cach group, the obscrved average, laximua and ninimu lesses
of oxygen through the cooling system vas determined, as chown in the
following tabulation: " ’ )

Intake D.O. Observed Loss of Dissolved Oxygen in ppm -
ppn : Average Maximun Eiﬂiﬂﬁﬂ
10.3 0.16 0.2 0.1 -
)0. 4 0.15 0.3 0.0
10.5 0.20 0.3 0.1
10.6 0.20 0.3 0.1,
10.7 0.25 0.3 0.2 .

- heso values are shovn graphically on Figure 7.
The rathenatical model was implenmented to cempute the dissolvc
josses for cach of the above listad intoke ccnqcntrations, usi
obscrved average cooling walex flow arnd tevperature conditiens.
Cocfficient ¥ used in rguations 1 and 15, was assumed to have a value
of 9.0 x 107 3/sec (¥#760/duy). The results of these compuvations are
shown in Figure 7 (indicated »y a dashed line) and indicate yecasonably
good. agreenent with the chservations. '

d oxygoen
ng the

solved Oxyaen L.ess _ .

Pradictions of Implant Di

RN e’ s e

The versficd mathomatical podel was used to predict discolved onygen -
changes in the ccoling water passing through the Unit #1 and 2 ccoling
systoms, predictions were nace for scveral diffcrent sets of input
data to show the effcct of variable river and plant operation cordi-
tions on dissoelved oxygen JOSS. These conditions are tabulated belcew:

RivEY

. rmbhicnt plant Opcrationzl .River D.O.
Scason Temp., °F Cenditions . Concentration
Sunoaer " 79 " Rated capacity output, 5.5
ful) cooling vater {low 6.5*%
of 1,120,600 g ‘ 7. 5% .
. proncnt viver D.O. concentration ..
TR Puture 1900) river 0.0, concnetration A S E .
SRR L L - Quirk, Lawer 87 N o tus iy Enyrine
', . . . . _ X . R LI . . . b . ) . S ) )
) ’ :.- Co. . - ) - B ’ “. . .‘.; * . < . _.':_ L. . ,.' . N )




Consolidaved Ldison Colpany of ew Yorlk, Inc.

' , . .

batc:. February 4, 1972

River .
obient - Plant Cpoerational . River D.O.
Scason Torp., °F Corditiors Concerntration : .

‘ ' 33 . Rated Capa.é:ity output, i0.0
' S - cooling water flow 11.3*
throttled to 603 1), 7**

. . . ((.70,_()0'0 o)
-WJ', ntor 50 same hove 6.0

as

The resvlts of the calculations for all nine cenditions are shown in
Teble 4, and graghically on Figure &, -

3

is

The dissolved oxygen loss in the Unit #2 cooling water syste:
generally kigher than that in Unit &1, This is due to higher
tespelalure riseg, greater travel time and lower pressures (Guring
throtiling flew) in the Unit #2 systen, '

Obscrvation as well as calculation indicates a negligible change_in
discolved ciycen during the waters courso through the discharge canal.
Gassing in the open dischérge caral with a free water surface is a much
slower process than that deceribed for a closcd waler cooling systen,
In the closed system. whopewar TOSUPRTISOTUNLUIGH Glvurs as @ result
: of a drcy in pressvre, dissolved oxygen is released at any point over

‘ the ¢ross section becavce of the uniform distribution of precsure ‘
over the entire scclicen. In the open discharge canal, the pressure and
D.O. saturation incrcasc from surfoce to hottonm, and the process
of gausing can ke obuerved only in the layers close to the water
stif e, The rate of the dissolved oxygen change (gassing) is the
same or clightly higher than that of recaeration.

The change of discolved onygen concentration in the canal vas calculated
using the rost scvere conditions, i.e., the highest difference between
the D.0. saturation at the water surface in the discharge canal, _
obtained Quring the coursce of the dissolved oxygen loss calculations,
presented above. A conservative cstimate of the cocfficient K of
1.0/Cay = 6.9 3 10“4/ minute was asswned. ﬁquation 17 was uscd as

. ' shown below; ' ' .

. : - =Kt
c(t) = Cy + (Cy —Cy) e

L T e . .
‘* Present river D.O. concentration
% Puture (1920) rivey D.O. concontyration

. LY
. ‘e ‘.

ol ()uxrk.LnEVUn'g_}iulnsk)'qu;n)curs

. ‘




.-

Moo to: Dr. anthony J. Sartor, office of Envirormental nffairs
Conzolidated Laizon Conpany of Kew York, Inc.

Latce: Yebrusxy 4, 1972

.vherec: . | . . .

¢ = travel time in the discharge canal, min.
: ( =.10 minutes for 60% design cooling water flow)
C = discolved oxygen saturation in the canal
(= 1C.3 pp~ &t dischargs tenperature of 58°F -~ Sce Teble 5,
Wwinter Conditions) N
c ' = Q@ischarge disselved oxyacn concentration
( =21.2 ppm - Sec Table 5, Winter Conditions and future
. jevel of the river D.O.)
c(t) = outfall corcentration of D.O., tc be computed

fficient of charge, expected to be eqgual to 1.0/day =
X 10"4/min

The change of the D.O. concentration curing the watexs couwrse through

b
(%
. the discharge canal is as follovs:

« - .1 . ) . ,_l‘(’t

c
@
t

(o
i
)
14
[

. 1l.2 - e,

- ' : —A
% exp. (-6.9 x 10 4 % 10) = 5.4 x 10 ° ppm

Such a loss is beyond the accuracy of the calculations and is, thexfore,
- neglected. ‘

. . gable 5 suwmaarizes the predictions of the dissolved oxygen loss
through the Indian roint plant cooling systen for present and future
levels of the xivexr D.O. concentration in lbs/day and in ppam.  Table 5
also gives all the basic paramcters taken into consideration when making

the calculations.

The highest jevel of the inplant gissolved oxygen less can be expected
during winter operations, whon the river temperaturc dropts to

aboubt 33°7 and the cooling {low is throttled to aboubt 60 of the

design Flew. (670,000 gpa) . This loss is egual to 3,400 1bs/cay.

The discharge DO, concentration is ycduced by alout 0.4 prn against the
sntake concentration, This s wainly due to high B.O. level (wore

than 1) ng/l) in the river and also cue to higher temporature rise

Guring throttling the cooling water flow. 1n general, throttling

of the f{lov resulte in a less inplant D.C. Jocs because of higer pressures

. in the syscen (see pebles L& 2. . L L : o I
SN o : : : . . e P .o N L s
. . L ‘. : t . * . .t - te . S ‘. . T .
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Consolidalud Ifison Company ol Moew York, Inc,
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L - .

* bate: Yebruary 4, 192

The results presented in Tebles 4 and 5 are wsed in item IT to predicl
. ' the effect of the 'Indien Point plant on the river D,0. concentraticn
- profiles. . ‘

II. The FEffect of Jndian Pol nl Inplanc Fnu,olvod O>3 en Loss on hEudson Rive
D.0. Coicentrations

The purpose of the ap1y¢j° prec cntcd in thiz item is to cevaluate the effcct
of the inplant loss of dissolved oxygen at indian Po i)L on the Nudson River
dissolved oxygen dJStTlDutIOP : '
The mathematicsl me?elling of the river @issolved oxygen concentrations
included: (a) tran port mechanisms by advection and dispersion, (b) first-
-order bhio-ozidation, (c¢) reazeraiion, (d) kenthic oxygen uptake and (e) conctants
(sero-oxder) to account for other mechanisins such as addition of B.O0.D. due

to river orgaunisue wortality, acdditien of D.O. by algal photosynthesis, cte.

The Budcecon River was divided into 28 sceguents bhetveen the Troy Dam and the
Battery. & material ).ILhCA of B,0.D. was Geveleped for each scoment and a
set of 56 simultanceus equations wes gencrated by inverting the segment B.O.D.
and D.O. sclutions into the appropriate keuncary corditions The simulatancous
cquations vere solve od using matyix inversion on digital computer.

9
[
9}
c

The offcct of the Indian Point plant was introduced to the model &s a
withdrawel of oxygen from the river sgeguments adjacent to the plant.
Nf'l’ - s
The computer runs wvere made for summer an vwinter conditions. The sumner -
conditicns were characterized by a ludson River freshvater drought flow of
4,000 cfs, xiver awbient tamperatuwre of 79°F »nd cooling water flow of 2,500
cfs, Yer vinter suns, freshuoter flow of 12,500 cfs and cooling water rate of
1,500 cfs (fiow throttled to 603 of full flow) vexe vsed. To cstimate -
the vinter time elfcct, two winter ambient temperaturcs of 32° and 50°F wvexe
included in analysis. In general, this terperature range coincides with
cooling water JChu tion poriocd,

The f£inal xesults of the analysis are shown in Table 6 arnd indicate that
passage of cooling wvates throngh the plant will-decrcase the Hudson River

- D.0. concentration at Indian Point by about 0.3% or 0,02 mg/)l during sunner months
and by 0.25% ox 0.03 i3/l during winter conditicns. At the estimatced futuwre '
(1990) levels of xiver D.0O. the decrease is expocted to be about 0.03
wg/l. In terms of the total Lower ludsen River (between the Battery and Troy)
dissolved oxygen content, the above rentioned values correspond to a decrcase
of 0.07%1 during suzmexr months and of 0.06% during winter months.

‘ These offeets are insignificant by comparisen with other deoxygenation
procesces anud are beleow the minimum detectable dissdlvaed oﬂyc'n concentyations,
In conclusion, thexefore, the TCOLARQ vater passcge through the plont will
have o dnncasurceddle of fect on the distyibatdon of dissolved 0')c(n in the

. I - hudson River. . o ‘ Lo ’ . .o . . -
’ ) .'- ‘ ' ) .. ., S i . T, . ' P c " e o PR . ‘ R .
. e . o S e Quirk, LowTer 2 NTndusky Faginceoerd
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R TABLE 3

SUMFARY OfF D_..JuLuJVED OMYGER MEASURLELUENTS AT THE
LEDIAN POINT URIT ) INTAKE 4ND DI >CHAKGE TAKEN
BY QUIRK, LAWLER & Ii]‘.LUF}'Y ERGINEERS, DECEMBER 1971

!

Intake Dischaxac

) AVg. Avg. Avg. hvg.
Tine® Tenp. D.O0. Teump. D.O. AD,O%**
__Iixs. - Or PP Ok - _PPM_ _PPM
0 T 43.6 10.7 60.4 10.5 -0,2
2:13 45,0  10.3 61.5 10.1 -0.2
3:46. 44.8 10.5 61.7 10.4 -0.1
5:09 44,8 10.5 61.5 10.2 -0.3
5:49 44.5 10.3 61.5 10.2 .-0.1
7:38 . 44,2 10.5 60.9 10.2 -0.3
©9:12 43.8 .10.3 60.4 10.2  -0.1
10: 05 43, 10.4 60.5 10.2 -0.2 -
11:25 43,6 10.4 60.5 10.4 0.0
13,22 43.2 10.3 59.3 10.5 0.2
14:10 42,9  16.5 55.5 10.4 -0.1
15:13 44,5  10.3 - - -
16:19 44.2 10.4 60.9 10.3 -0.1
17:36 44.4 10.3 61.5 10.1 -0.2
18:41 45,5 10.4 61.3 10.3 -0.1
©29:28 43.5 10.4 60.6 10.1 -0.3
26:33 43,8 10.3 60.7 10.1  -0.2
21:49 43.2 10.4 60.3° 10.2 -0.2
23:00 43.2 10.6 59.8 10.3 . ~-0.3
24:08 °  42.4 10.5 53.4 10.7 40.2
25:32 42.6  10.6 58.9 10.5 -0.1
26:3 - 42.6  10.7 59.8 10.4 -0.3

* gero time is at the beginming of survey
#%* pifference between the intake and discharge
concentration of dissolved oxygen

N ' O Quirk Lawlew N aths g oo e o




S0 o - . TADLE 4 -

1 _ ) ' .

g . ' AEDTAN POIRT UNITS §) & 2

i 4

: INPLALT DICLLTVED QUyGED LOTSHSG CONPUTED FOR DITFERERT

‘ RIVER 25D PLALNT QPERATYION COLDIYICHS
! . 4 . Somcy Conditions

- © . Ambient Temp, = 70%:
; ) . :
: . oot f

River Dissolved Oxygen
concentyration, pon

5.5 - 6.5 - 7.5

! . Co ’ Cooling Witors  Plant Pemp.  Loss of D,0. throuyh Cooling
. flow, cfs rice, °p Water Svastcem, pom

. unit §l 625 14.0 0.08 0.4 0.21

Unit 22 1,680 15.1) 0.09 . 0.18 0.27

Dot : 2,505 24.83 0.087 0.17 0.255

winter conditions -
Abient Temp., = 3397

~

‘ © , : . River pissolved OryGen

Concentration, pon

10.0 1.3 11.7

Cooling Water = Pluaat rbmp. Loss of D,0, thrcugh Ccoling
flow, cfs riso,-oF Watey Systen, pnm

Unit #1 375 "23.3 0 0.11 0.15

Unit 412 "1,130 25.2 0.32 0.52 . 0.58 .

Total 1,505, 24.73 0.24 0.417 0.472

Winter conditions
Ambicnt Temn, = 50%¢

River hissolved Oxygen
concentralicon, pnn

‘l' ' - : 8.0 9.0 10.0

Cooling Watcerx Plant vorp. Loss of DO, through Cooling
O water Syaton, pos

flow, ofs - rise, Ti it o

‘ C O uniu 375 23.3 .0 . 0.30 | 0.14

95,7 .. G.x2 0.a8 - 0.93

unit 42 1,10

et T Wwas o aaors e o0aes oeusr T euad)
. ¢ R N . K . s . K . ot Coe o ‘ " -
t? .




TABLY 5

_PREDIC&IO'? or LOSS OF - PHISSOLVED OXYGH
o : . IN. TR - IRDIAN POIRT UNITS 1 & 2 COOII“G
’ » . ‘ ' i WATER SYSTEN

sumnmey winter
Intake temperature S 79 33 50
pissolved Oxygen Satura— - R
£ion at the intake temp. 8.2 14.4°  1).3

ppt

cooling water flow, cfs 2,500 - 1,500 1,500

o -
" plant temp. rise, F 14.8 24.7 24.7
-, : S O . '
pDischarge Temp., I 24.0 58.0 75.0
Dissolved Oxygen ' -
saturztion at the discharge 7.2 - 10.3 8.5
" : ' tenwperature, ppin '
The intake dissolved
oxygcnvconcentration,ppm~ 6.5 11.3 9.0
cont Loss of D.O. . ;
greﬁ?ii e b, /day. | - . 2,300 3,400 2,500
onaitxons - - ppm : . . .0.17 0.42 0.3l
The discharge dissolved :
oxygen concentration, ppm S 6.3 10.9 8.0
s The intake d1~‘olvcd .
oxyycn concentration, ppm . 7.5 11.7 9.7
Loss of D.O
rutwe - U :
: - L - e e e o
Conditions S 1b./day : 3,500 3,800 3,200
. ppm 0.26 - 0.47 0.40
' The Gischargoe di"ccﬂ\fed .
oMygen con'(nt)vtlon - 7.2 11,2 9.3
Cae o : .o Q‘n"ir)';,l .n\l(‘l \l \lu' : ] e 'n.m 1
[ - V. .. ',.. e, . "._." ‘. . .. . . '
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Pebruary 1963
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Quality and Woste fssimilotion Capacity Study", Roport
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Report to Orange & Reckland Ucilitics, Ine., March 1971
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CHAIRMAN JENSCH: Will you proceed.
MR. SACK: Earlier there was an order issued by the

Hew York State Depairtment of Envivonmental ﬁnamaésa%%en_ :

with respect to the circulaéing water pumps‘ét'lndian Point,
Unit No, 2. I would now like to offer inevidence in this
proceeding another crder of the Department of Environmental
Conservation in a proceeding entitled, "In the Matter of
Al;eged Violations of the Conservation Law, the Public Health
Law and the Environmental Conservation Law of the State of New
York by Consolidated Edisoﬁ Company of New York Inc.,

Indian Point Plant No. 2.°

This order is dated April 28, 1972, It is signed by
Henry L, Diamond, Commissioner, Hew York State Department of
Envirénmental Conéarvation, and has been consented to on behalf
of the Consolidated Edison Company of New York, fnc.; by
Louis H. Roddis, Jr., President.

This order is offered in evidence for the purpose of
showing that the earlier order 6f the same department have
been vacated.

Copies of this order have previously been
distributed to the Board.

CHAIRMAN JENSCH: Do you desire to have this
matter physically incorpbraéed in the transcript?

MR, SACK: Yes, sir,

CHATIRMAN JENSCH: Is there any objection, Requlatory




5793

' 2 : MR, KARMAN: No objection.
3 o __- MP. MACBETH: No objection.
‘ 4 MR. MARTIN: NWo cbjection,
8 .~ CHAIRMAN JENSCH: The request of the Applicant's

8 counsel is granteé and copiés of the order identified by the
? Applicant's counsel as having been issued by the State of New
8 York Department of Environmental ConservationbAshould be

9 physically incorporated in the transcript as if réad by the
10 Ap?licant. |

91 oo {The document follows,)
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STATE OF NEW YORK o I
DEPARTMENT OF ENVIRONMENTAL CONSERVATION T
-------—-----------------------------‘-------------‘----. ------ x

In the Matter of Alleged Vlolations of
the Conscrvation Law, the Public lecalth Law and File No.
the Environmental Conservation Law of the: State - 1013
of Ncw York by

CONSOLIDATED EDISON COMPANY OF NEW YORK INC.

INDIAN POINT PLANT NO. 2

(Westchester County)

“Respondent
............................................................... X
ORDER

~Point Plant No. 2 in Buchanan, New York based upon the allegation

/ L ’ o - 0‘.6' .

~An Order and Notice dated February 29, 1972 having been
issued by the Commissioner of the DepartTent of Environmental
Conservation and duly served upon Consolidated Edison Conpany of
New York, Ino., the Respondent herein, and
Pursuant to the provisions thereof Respondent was ordered

to cease the operation of coollng water c1rcu1ators at its Indian

that operation of said circulators caused the killing of over
100,000 fish in the Hudson River dUring.thedmonthS'of January and
February 1972, and

Respondent havingArequested that the Order be vacated and
consented to be bound by the provisions contained herein,

NOW having considered this matter and be1ng duly advised,
it is ORDERED;

I. THAT the Order and Notice issued by the Comm1351oner
in this proceedlng under date of February 29, 1972 shall be and the
same is hereby vacated effective this date upon'the follow;ng !
conditions: | |

A." Respondent shall compiete-the installation of
by-pass systems on all circulators at Indian Point Plant No. 2
whlcn shall be de31gned to maintain a water intake velocity at an -
average rate of 0.5 (1/2) feet persecond The by-pass systems R S
shall be operable by May 15, 1972-and shall be nsed at all times
when the water tcmpcratufc of the Hudson River in the area of said
plant is below forty (40) degrees fahrcnhcit. 'g

L B. Respondent shall install faCLIitics for malntainiug

a doublc air bubblc screcn in front of all circulator watcr intakes

at Indian Point Plantu numbcr 1 and number 2 by December 1, 1972

‘e - . -
: -




S 3 v -_2.-

and shall thercalter opcrdtc_sdqh air bubble system during all
periods Snid Plants are in operation and the Qatcr temperature of
thé Hudson River in thc‘arca:of said qunts is below forty (40)
degrees fahrenheit, except for such éimes.as shall reasonably be
required to perform and make inspeétion, maintenance, repairs. or
Aréplacements to such air bubble system.

C. Respondent shall ééuse hydraulic model studies of
a screened lagoon adjacent to the cooling water intaﬁes at its
Indian Point Plants numbers 1, 2 and:3 to be conducted and com-
pleted by March 1, 1973 pursuant to its existing contract with
LaSalle Laboratories, Montreal, Canada, or by such other recognized |
independent laboratory as Respondent may select. If after the
completion of such studies it shall Be determined by the Commissioner

b

after Public Hearing at which Respondent.Shall be noticed as a
is not satisfactorily protecting the fish population of thg-Hudson
River, and that the screened lagoon will provide a level of fish
protection significantly higher than the air bubblé system;
Respondent shall upon final determinétion of the Commissioner
forthwith apply for all permits, licenses, approvals and land rights
required for the consﬁruction and opération of the screened lagoon -
and shall prosecute all such applicaﬁions with due diligence. Upoﬁ
the graﬁting 6f all such applications, Respondent shall with due
diligence construct and operate said screened lagoon..v

D. Respondent shall submit monthly reports to the
Department detéiling daily records of fish collections at Indian
Point’ Plants number 1 and number 2. . |

E. Respondent éhall notify the Department qf'.
Environmental Conservaﬁion_during normél business hours, at'ieast
’24'h6uféwiﬁ*advance, of‘Respgndentlssintention;to conduct testing._
opcrations of the cooligg water c?rculators‘at Indian Point Plant
No. 2, until such time/Respondent shall receive auéhbrity from
the Atomic Energy Commission to operate such Plant. The.Departmént

may during all such periods of testing of the circulators designate

Department personnel to obscrve such testing operations, and to

report the results of the same to the Commissioner,




3.

F. By its consent to the fotcgoiﬁg Respondent does

not admit any of the allcgationé sct forth in the Noticc‘and Order
of February 29, 1972, and dbcghnot wach, relinquish or otherwise
prejudice any defenses it may have'of may have had,wor any of its

rights to assert such defenses, with respect to any violation of

Y

~ law or other cause of action alleged in said Notice and Order or

or heretofore
hereafter/alleged in any proceeding whatsoever,

DATED: April %, 1972
Albany, New York

e £,/

HENRY L. DIAMOND, Commissioner
- New York State Department
~of Environmental Conservation

'Respondent hereby consents to the issuing and entering
of the foregoing Order and agrees to be bound by the terms,
provisions and conditions contained therein.

CONSOLIDATED EDISON COMPANY
OF NEW YORK, INC.

By % S/ 4-44,&
ﬁle; President ' / }

Date - April 24, 1972

State of )
New York ) ss:

County of ;

New York A '
On this 24th day of april, 1972, before me personally
came Louis H. Roddis, Jr, - to me known, who being by me duly
sworn did depose and say that he resides in 12 Philips Lane, Rye,
New York , that he is the President "of Consolidated Edison Company of
New York, Iﬁc., the corporation described in and which

executed the foregoing instrument; and that he signed his name

as authorized by said corpoxatiqn,A -

U e e . " - . !

Qs A

Notary Public <7 77

CLOTILDLE M. REOAZN
Notary Pulibie, Ntate of New York
No. 40852 1650 Queens County

- Cerw filed In New York Couwmny -
Comminniog Eapices Marih 30, l'."f

-

- -



mil-l

it

12

i3

§8
19

20

2o
st

5800

CHAIRMAN JENSCH: Will you proceed.

MR. SACK: At this_point we are ready for Mr., Macbeth

+o commence his cross-examination on four issues which we earlie

agreed were suitable for discussion at this stage of the hearing

Th@se four issues aré thermal discharges, chemical d;sbﬂ2rges
dissolved oxygen and entrainment of organisms é&fﬁﬁé@)

flsh. Appllcanc s case is ccmplete on these issues, and we
are ready to dispose of them at this time. We are, however,
faced with the problem that we have not réceived frpm the
Intervenors a statement of contentions in reasonably specific
detail.

In this éroéeeding we have completed a discovery
process that I believe is unprecedentad in nuclear licensiﬁg
cases. We have answered a large number of questiané,'which is
indicated by this volume of answers, We have_established
a document room for the Intervenors convepience and placed in
it over 80 documents. We have permitted informal questéoning
of our Staff and ceonsultants ovex the last six months.,
in the last few weeks, we have furnished additional documents
in an eifort to proéeea on these issues. This, of course,
is in addition to-odr envirbnmentgl.reports'and testimony in
this proceeding. | |

The purpcse of this process is to narrxow the J."'"uec
in controversy and is to be reflected by a statement of

contentions with reasonable specificity. That is the only way
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we can identify thé ﬁatters in controversy and conduct a
reasonable hearing.

e were fuiniﬁhed with a list of quesﬁiéns by Mr,
Macbeth last Thursday, and a list of very generalized conten-

tions just three hours. ago. The guastions appear o be a

-continuation of the discovery process, and the contentions are

phrased in the same generality as the contentions were last

tall,

»

(AT

Since rEded? HRFA or EDF havé presanted a proper
statement of contenticas on any of the issues to bhe considefea
at this session of the hearing, I believe we are entitled to
a ruling from the Board that they are not entitled to any
ﬁross»examination on these subjects. Nevertheless, we are
willing to give Mr., Macbeth a final chance.

I suggested, as wa take up each subject separately,
Mr. Macbeth state on the record what his specific contentions
are. We can then procesd to cross-examination relative to that

contention. But in the absence of a specific contention,

I do not know what the subject matter of this will be,

MR. MACBETH: Mr. Chairman, can I answer that and
start by providing the Board with a contention -- supplemental
contentions?

CHAIRMAN JENSCH: Yes., We would like to see that

‘and maybe the Board will have an opportunity to decide whether

vou have another chance, We are glad tc have it in view, but
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to the matter before we proceed too far into it.-

it came in just the other day.

“had 10 days on that one, at least.

the Board will make 2 ruling based onrn the racord.
The Board has not received any ofthese matters,
those f£rom the Applicant which have bezen incorporated within

the record, as well as the two documents just handad to us

L)

by counsel for the Hudson River Fishmens Asscciation, 7T take i
these two documents reflect -

MR. SACK: E=xcuse me, My, Chairman. What documeﬂ%s
did you say the Applicants did not rsceive?

MR. MACBETH: Could I explain the situétion for a
moment, Mr, Chairman?

CHAIRMAN JENSCH: Well, yes, but our thought was thaf

L

the Board was considering taking a recess and giving some reviey

Mr. Briggs has indicated that we have received the
hpplicant's presentation from witness Lawler prior to today in
the course of this copy ¢f the order from the New

York State Department of Environmental Conservation. I think

MR, SACK: We submitted them June Sth.

CHAIRMAW JENSCH: Yes, June 9, 1%72. 50 we have

MR, MACBETH: Mr, Chairman, I'd like to reply,
generally, to both the Board's question and Mr. Sack.
I have handad the Board iwo documents, one simply

reprints of the varieus. contentions made on the 1lst of
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December, 1971, Since those are theones that are the subject
of this hearing, I have simply reproduced them for the con-

venience of the Board and the parties, 1 have added to that a

new documeni, supplemental contentions of the Hudson River

Fishmens Association and Environmental Defense Fund and I believ

guestions that should be taken‘up on cross-examination this
afternoon.

The Applicant contends that they are not
sufficiently precise. T +hink that the heart of this problem
is that the contentious must fundamentally reflect the zubject

matter that they discussed, If one i:

DL

discussing a strictly

mathematical guestion, one can be extraordinarily precise in

migration of fiéh and the effect of.the theymal plume among
them, the amount of cancréte,hard avidence is not nearly as
great, The range for opinioh is much iarger, and it seems to
me there‘the‘more qualitaﬁivé contention is altogether pProperc.
It may be that the-~ I think it is a fair and accurate
statement to say that the thermallplume from the Indian Point
Plants 1 and 2 and the ptherplaﬁtvﬁﬁj.have an adverse effect
on migratioﬁ patterns and seasonal movement patterns of fish
in the river.

Study, as far as 1 know, pracise studies of exactly

what that impact would be have not been made. It would e, I

o mix

e
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8 think, foolish to predict with absolute certainly precisely
2 i what would happen. I think one has to take the state of the
8 § art and studies inthe field as one finds them,

e

that it is altogether proper to make a contention that puts

B the matter quaiitatively, saying that there would be an
8 W 'adversé impact, without going ffcm what reasonably could
7 be drawn from the knowledge in the field ﬁo be even more pre-
3 ¢ise° |
g 'I think that>funﬂamentally the Applicant realizes
19 that he is thé case, If one loocks at the.environmental repert
11 which the Applicant turned in last September or éctober, on
92 this qguestion the Applicant says thermal discharge from Unit
‘ 5 No, 2 will be added to the common discharge from Unit No, 1.
24 ‘ Model studies have indicated they will not extend
85 25 feet from across the river from Indian Point. It woﬁld
$8 appear therefore that migration of the fish in Indian Point
§7‘ will not be affected by thermal barriers or as a result of
08 thermal discharge ~- |
55 f We have said not much more than theé reverse of
20 that, that there will be an adverss iméact, and Ivthink the
1 fact'thaﬁ tﬁé Applicant, in putting forward its own case,
292 really doesn‘t feel, or certainly not in that statement,
‘ | 23 made. any move precisé contention that reflects that

£4 essentially that is the state of knowledge and the state of the

o8 art,

I T T
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We contend there will be an adverse impact. We
can't quantify it exactly. We feel the Board should take it
into account, should have in the record and should weigh in

making the final decision. There will be other areas where we

tentions has éb.reflect what reasonable opinipn on the topic is.

We are not, I think, proposing here some contention
that is outlandishly vague. We are not éaying ﬁhat thermal
plume will have a bad effect on the éntire enviroriment within
50 miles of Indian Pqint and some parts will be more adversely
affected than others, and leave'it at that. We are talking
about the movement of fish. We are talking about this movement.
We think there will be an adverse effect.

CHATRMAN JENSCH: Let me ses if I understand the
Applicant's position by propounding the question to you.
Take your initial contention of December 1, 1971. That'is
Ttem No. 26, Perbaps I don't pronounce +his cozrrsctly.
vGammarus and Necmysis have reproduction cycles of one to three
generations a summer.

Is that good or bad, or is something going to be
thermally activating, if I use the term in that regard? 1Is
the raéio,going +c be one to two, or one to four? How does
thi; thing work? What happens when we read that? What

should we think about when we get done reading that Item 267

MR, MACBETH: The Intervenors there are trying to
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establish factually the reprocduction cycle of gammérus and
neomysis, We then go on to contend that a larg2 number of
these o:ganisms will be killedehen they pass through the
condensor tubes, |

The importancg islthat if they had oﬁe genesration a
sumrar, and you pass a significant amount through, you have

obviously a very significant impact., If they had 20 generations

great,

We are trying to give the Board a fair impression
of the kind of impact there will be. We think an important
part of that is a contention as to how many generations there
are in the summer, whaﬁ kind of reprbductive rate these corganisms
have,

CHAIRMAN JENSCH: I wonder, by just looking --
going on through down %o Trem 30,»you say the precise impact
is unknown, but will involve a lcss of food organisms. Aren't
many of the matters you have set out in those several
contentions, 26 through 30, a basis for stipulation? Won't
they égree that this is unkncwn an& there is probably a loss
of food organisms? Should we take time with that sort of a
contention?

MR. MACBETH: Some of these points I think the
Applicant would probably stipulate to. I think they will

probably agree with us cn the reproduction eycle, for instance.
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mil-8 % P I reéliy don't intend -t_o spend a gfeat deal o'f time on those .

‘ 2 i facts if they seeﬁn to be in éqreemenﬁ with us. I would be wilil~
2 LJ ing to sit down with the Applicant again and gﬁ ovér this and

‘ 4 § see if we cculg ~-

3 CI-ZAIRI_V}AB-E JENSCH: Take 47. “Control over expected *
2 chemical discharge from Indian Point Unit No. 2 is inadequate

7 Il or unknown.®

% éj MR. QACBETH: Then you see mxmber "b*, ﬁhat the

® g! Applicant will probably stipulate to. We had sone’ diécussion
g@%% of it and we are zoing to have mog:'e today .. ‘I‘he}} will at }_éast

39 ,VF Siﬁipul'ate to i:hat point, “b%, "Copper 6.etéction seﬁsitivity in

42 i the discharge canal is limited to one part per millicn,"

‘ 13l I think that cculd be diéposec} of. ,
36 M CHAIRMAN JENSCH: What happsns when they do have a ‘
g5 Il copper detection sensitivity in the discharge canal. limited to
%;; éi} one partl pexr million? Is that good? |
sy 1 - MR, MACBETH: If copper is being discharged in any
5 large quantities, but less than the concentration of one part
19 I PET million, it would be a toxic effect on fish and would be
og || adverse. We feel that in this‘particular case it is inadequate
27 lj £O monitor copper as to one pa‘ri': per million,

22 CHAIRMAN JENSCH: I infer from the Applicant’s

. 23 position that the Epplicant has read 2ll these thihgs. Then
95 || they say, what else¢ is new? What is your view about it?

' ‘ 25 i Are you making the contention that instruments do not exist to
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permit -adequate copper detectioh‘because the sensitivity of
the instruments is inadeguate, or‘afe you saying that if the
release of coppayr is greater than one part peerillion, there
will be a toxic effect,and at one part per millicn 1t is
satisfactory?

MR, MACBETH: No. ‘I am saying that the Applicant
resently plans to moanitor copper sensitivy of cne part per
miliion., If copper wsre being discharged at a concentration
slightly below that, it would not he mbnitored and there woﬁld
be an adverse effect on the fish in the Hudson River,

CHAIRMAN JENSCH: So vou are urginq'that more
continuous and more precise monitoring --

MR. MACBETH: More sensitive monitoring.

CHAIRMAN JENSCH: What part per million, point five?

MR, SACK: Mr, Chairman, this is vexy helpful to us,
because this is the very.first time we have been advised that

there ig a contention that discharges of less than one part

- per million of copper are toxic. I have not seen that as

a coﬁtention before. If this is fhe contention, thia ought ﬁo
be stated on the record and then we can address it., That is
our problem as the Applicant stated before.

MR. MACBETH: The Appliéant has had this document
for more than six months. and certainly never raised this kind

of question before.

CHAIRMAN JENSCH: Maybe they are trying to understand
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mil-10 it, as they have indiéated, S5ix months is a fair enough trial,
‘ # I think,
MR, SACK: The document does not say anything about
' & . e s ‘ :
. toxic effects on fish, It savs that the copper detection
B

sensitivity in the discharge canal is limited to one part per

& million.

wg

We agree with that. The document doesn't say

8 anytihing zbout that the toxic levels for fish are in contention |

2 ﬁ MR. MACBETH;: It deoes say that the contrel of the
10 g chamical discharge is inadeguate. I have excerpted No. 47 from%
ﬁ §
i1 a longer series of contentions in which I believe, if we look bick

2 g at it, ancther one is there of the total impact of the control
. 13 4 of the discharge would | have an adverse effect to the

14 fish and be toxic to them,

13

armacx e
RS

I apologize|for having taken this particular piece

|
!
_ | '
18 out, but I thouyht that we would be able to save tiwme by not

17 i reproducing the whole first documsnt.

18 MR. SACK: My. Chairman, the first subject we want
8 to address is thermal discharges. Maybe we should

20 get back te that., The contention here says adverse impact.

21 My point is that the adverse impact should be identified.

22 Is there a céntention that there would be a thermal

23 block to migration? If that is the contention, we are prepared

B

to address it. Is it the contention that the thermal discharges

o]

&

will kill £ish? If that is the contention, we are prepared to
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address that. 1Is the contention of the thermal discﬁarges
attract fish to the intake? Then we will ad&resg that,

But the simple statement tﬁat there is an adverse
impact, we don’t know.what questiené to address.

MR. MACBETH: Which contention?

MR. SACK: Contentiens 7, 8, and 9.

‘MR, MACBETH: Mr. Chairman, I think it is unfair

to take No. 7, as 7 refers to attraction to the intake. It is

quite clearly aimed at migratory and seasonal movement
patterns of fish inthe Hudson. Fish miqraté up the Hudson.
Shad migrate up the Hudson. Bass migrate up the Hudson,
Striped bass, Herrings'do.

CHAIRMAN JENSCi: Thank you.

MR, MACBETH: We thipk the presence of thé thermal
plums will have a disruptive effect on.the patterns; Thare
have not been thorough studies of exactly what that impact
will be. We can state that the studies show that
thermal changes affect the behavior patterns of fish, and
we williput in expert testimony of the opinion that thig will
have a disruptive pattern on these migration patterns. But I
think neither the Applicant nor the Intervenors can say with
precision exactly what 1is going to happeﬁ in the situation.
After all, a great deal of the Applicant's testimony has been
aimed at the fact that they will feel they need an enormous

research program, what is going on with the fish in the river
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aféexr 10 years of operating Indian Point 1. They fnow turn

carownd 883 say that the Intervenors should know precisely

-ig going to Hapii
ﬁé @éh offer’expert opinion that t@a@ therhal éiumé
will have an adverse impéét, will disrupt, in some‘not
precisély,defined:féshiéh, é péttern to fish, They\éan‘t
behtoé much more preci;aiabout that. |

We can go with thos forever. We can get down,
is it going to #ove them a foot oneway or a foot t%e other?
T think there is a clear issue here. We are talking about the
migration patterns of fish in the Hudson River, and we are
talking aboutthe relation of that tb thermél plume and the fact
+hat we believe that thermal plume will have an adverse - |

impact and disruptive impact on those movements, migration

patterns,
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~ CHAIRMAN JENSCH: I have been puzzled about the
Applicant's presentation after its frequent reference to the
applicatioﬁ of Indian Point 1, that in reading the proposal
of Indian Point 2 is starting all over again because a
program is undertaken to'get the data that has beenvdeveloped on
Indi&n Point l. Do you remember the resesarch going on

with refersnce to Indian Point No. 17

we will certainly address that problem. That is a very real
problem.
i MR. SACK: If the comtention on thermal discharges is

iﬁat the thermal discharge will create a thermal block, which I

iunderstand from Mr. Macbeth'’s statement, then I will consider
that a specific contention and we ars prepared to respdnd today.
Adverse impact and migratory patterns;LL I am neot sure what
ﬁéhat“means. :A |
MR, MACBETH: Perhaps we have trcubleAwith the

ifl“l ‘
English language. Do I want to go so far and say that the fish

Frlen

are going to be permanently blocked in going. up the'river,

It seems to be a long way with fish being able to migrate in

' their normal pattern and being to some extent disrupted. Per-

haps some of the weaker f£fish will become confused. I am not
Qding to say there is going to be a  block and will cut off all
fish moving up,.

| It secems to me that ~- I don't think. I frankly feel

in saying therz is going to be an adverse impact on the migra-

MR. MACBETH: I% is accepted by the Applicant, if it i

tion pattexns reasonably specific in the light of the knowledge

o

B,
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adverse affect. It seems to me to be nonseasical anéd to ask

| fore not going to have an affect on the migration of fish,

-amount of knowledgs in the field.

says is that plume is going to be out there 2500 feet and theréf

5813
in the area, that is what the experts that I have dealt with
teii‘me, To go further and put in something that no striped
bass will get past this poing, that isn't the honest opinion

of the experts in the field and still feel there will be an-

for specificity where specificity isn’'t possible. I really do

feel that specificity has to be judged in the light of the

"If this were a mathematical formula; I would say
that apecificity is necessarv. On something on which little is
knoﬁn‘as migration patterns of fish, where it is enough for |
experts to irave opinions, we can't fairly be asked té be'that

specific. Read what the Applicant had to say about it. All he

That doesn’t seem to me tc be very specific or give.any kind of
iﬁdication about the real relatiénship between that plume and
migration pattern. Would it have been 2600 feet oi.more?'
There is no analysis there or no bold statement. |

' CHAIRMAN JENSCH: Is it your thought that the
Applicant, in saying that the plume may go out 2600 feét, and.
therefore there Will not be-a thermal block or will not-be
a @isruption of.tﬁe reproductive activity; could they prove the
negative? - That is what I have in mind.

MR. MACBETH: I think they assert it. .- I don't
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consider that a prowf.

CHAIRMEN JENSCH: 1If all evidence is that there isn't
any showing ihat thare Qill be a damage or an injury to the
fish -~ everybody will agree to that. Thera are some who feel
that there might be scmetime. Is that enough to say that you
can make a contention hecause you think it might happen later?
What is the situation today? Today you say you can not say that
there will be a thermal bIlock. Does that take it out of the

contention phase?

MR. MACBETHE: We are not making a contention there wil

[}

be a thermal block. We are contending there will be an adverse
inpact. We will be putting in testimony of an expert to that
effect.

CHAIRMAN JENSCH: Whaﬁ will be the illustration of
the adverse impact from your testimony?

MR. MACBETH: A disruption of the migration péttern

in some of the fish not being able to reach the spawning ground.

CHATRMAN JENSCH: You are saying there will be a thermal

block then?
MR, MACBETH: MNo. 1 don't think that is what I have

said,

CHAIRMAN JENSCH: You said they won't be able to reach

the spawning ground. What would prevent them from'reaching the

spawning ground?

MR, MACBETH: They will be confused and move in other
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|

d directions. Maybe that is what one means by thermal bleck. I
| read that to mean a block through which no fish of a certain

species will pass. If the Applicant only means by block a

thermal discharge in a higher thermal area in the water, which

s T e U

ivwill disrupt the migration pattern, then I think what I have

written here and what the Applicant contended will be a more

'the feeling we are going to get into an'endleSS'%rangle about
the meening of the Engiish language. I think I have been
fcémparatively straightforward and pointed on tﬁis. If the
Applicant reads block to mean scme disruption in the migration
pattern, I will ammend it to say a thermal block. Then I think
the Applicant ~- if that will make the Applicant happier, I
woéldh“t mind amending it to that since that is essentially
what I have written down here in other words. |
I don't think it would be too great to de that.
CﬁAIRMAN JENSCH: Does the Staff desire to make
'Snyfespxession in this regard?
o MR.AKARMAN: Mr. Chairman, it would séeﬁ io:mé that

there might be a more concerted effort to make some of these

Of course, it maybe difficult for the Applicant and the Inter-
venor to get £o go on something like that. Although, in
looking at this question of producing an adverse impéct, it

certainly would geem that there could be more-added_to that to

9_
i

D Az -

specific contention of the same thing. I will ammend it. I had

cliearly define what adverse impact is there, and I think possibl:

‘contentions more reascnably specific under the Commission's rules.

W
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the Applicant and the Intervenor ¢ould, with a little effort,
make these somewhat ﬁore ~-= Or agree to a somewhat more reason-
ably apecific contention so that the Applicant could respond
to them. I think that that effort would probably produce a

short en: cross-examination as to exactly what the Intervenor

CHAIRMAN JENSCH: I infer from the Applicantfs

statement that he is really seeking some information and not

raising any great objection about your assertioms.” I think
i o
insofar as you could put thermal block into the context of

adverse impact or whatever on the illustrations you might have,

I think it would be helpful. For instance, supposing you put -

jDoc i.:awler on the stand and you are gaiﬁg 0 crosg~examine him
i . .
%abou* thermal &1scharge having an adverse impact. What would

be your first question?

MR. MACBETH: Assuming that we pursue first with
‘Doc Lawler, my feellng on this would be probably to best to
.puxsue it w1th someone speaking about what is known of the
migration patterns of fish. I would try and get as much know-
ledge aé the Applicant has on that subject on the record as
possible.. All I would be seekingvfrom Doc Lawler would be a

deécfiption -- and I think most of it is there in the testimony
g;I‘wasn‘t planning it. That is what the outline of the thermal

most of that ground and I don't think I would have any questlons

from him. I am more interested ia pursuing the questlon of

already. Extensive cross-examination wouldn't be necessary and

plumo from the two plants is. I feel that Doc Lawler has coveret

1s contending with respect to some of the Appllcant‘v statemants:

¢
%
i

;
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what the Applicant knows abput'the migration pattexné of fish
when it says that this piume as it.describes will have no adversd
iﬁpaet on the.migratinn patterns and seasonal movement.,

DR. GEYER: ¥hy can't you pick out of this the things
that are really in contentioné On the first page - "I don‘t see

ahy. On the second page, No. 7 is a contention that we are

talking asbout. Nec. 9 is a contention that would be in dispute
aﬁd No. 13. There are 3 on that page. The rest is something

that is really insignificant. -

MR. MACBETH: To some extent I have been trving to lay

MR tgrie

a simple factual basis in these contentions, too. On most of

these points on the first page, I wouldnot be intending to cross-

N
e

éxamine Con Edison. They do agree to it. I would be concen-

jtrating on the topics that I have put down for cross-examination

zxn s

that have been sent out.
h5 DR. GEYER: TWhy can't you sort them out and look st

the other stvif?

"5‘ | | MR. MACBETH: I would be happy to. I thi,izk that
aéivés anothér indication of what shquld be gross-ekamination.'
iﬁdon‘t think that we nesd toihave any real cross-examination
on the amouﬁt of heat that is going to be produced by the plant.
I think we are all in agreement on that. I did want to-put it
in so there would be’somé fundamental facts there s0 thé Appli-
cant would kind of know where we are moving. I felt if I left

all of those out and put in the final conclusion, the Applicant

i’
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would be equally annoyed that there is no basis as to how he

can see how I was arriving at my conclusion. I was really tryving

to produce a‘little bit of background and foundation in there so
he can see how I was building toward some of the more clearlf
contested points.

I am not intending to go into any real cross-
ex&mination on the number of Btu. I don't think that is a matte
of contention.

CHAIRMAN JENSCH: Doesn'i this discussion assist the
Applicant in knowing the form of the presentatiqn made by th

H
Hudson River Fishermen's Association, knowing that in several of

5

these numerically identified paragraphs he is really setting forth

a foundation of matters as a basis for a later paragréph which,
in effect, constitutes the contention, as I understaand it, that
would.add some such words, that they contend that there will be
an adverse impact oxr something like that. It gets to be

in the form of what you are asserting.

MR. MACBETH: I would certainly be happy tof;_;:

ask those where the Applicant and the Inte-venor would disagree,

where we say we contend that this would happen and identify

further for the Applicant.

CHAIRMAN JENSCH: Could we spend 30 minutes on that

right now?

MR, SACK: Yes, that would be an excellent suggestion.

CHAIRMAN JENSCH: Let us recess to reconvena in this
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I i room at five minutes after four.

‘nd 4 2 (Recess.)
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mil-1 g 4 CHAIRMAN JENSCH: Please come to order.
} ‘ 2 gg Can yougive us the further report on the status
3 % of your assertions, Mr, Macbeth, please?
‘ i §é MR. MACBETH: Yes, I can, Mr. Chairman.
5 %I I have discussed the matter with the Applicant
8 g;dﬁring the recess. We agreed on wording for two contentions,
9 which meet the Applicant's standards for specificity. I am
s willing gO'accept the language.
o Number 7 would be changed to read, “The heated plumes
w0 Il from Indian Point and ﬂovett will interxfere with'the ﬁiérétory .
0 and:seasgpa¥émovement'pétterns of fish in the Hudson to and froml
their spawning grounds.” ~ ..
52 Numbe; 2 would be changed to read, "The discharge
' - of heated water froin Indian Point in its 1 or 2 will attract
" fish to thé'intakes of Indian Point Units 1 and 2 where they
- are subject to impingement,f
i@ _.CHAIRMAN JENSCH: Does that mean that they will be
. kélled?
" MR, MACBETH: Yes, I think that means they will be
o killed. I was trying to find language where -- of courée, the
%; Applicant will never admit they are going to be killed.
;g Yes, impingement meansrdeath in this éése.
22 CHAIRMAN JENSCH: You didn't change your thought
' 2 tﬁat you expressed?
24 MR. MACBETH: No. I am just trying to find:
25 i some woxrd,
!
:
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MR. SACK: I think the contentions will be subject
to‘r Whether all of them will be impinged, we don't know.

CHAIRMAN JENSCH: That takes care of‘the only two you
want So.far?

MR. MACBETH? Yes. .As Dr. Geyer pointed out as
we were discussing eaflier, a number of others will probably bev
ihe subject for stipulation, Apbarently‘the Appliéant
really doesn't feel, for instance, the first five are conten-
ﬁions over waich there should bé much argument, and neither do
I. While we haven“t'formallf agreed to stipulate to them; ve
are all treating them as foundation material for the gonﬁentions
of the issues,

MR, SACK: We are prepared to submit to cross-
examipation at this time on those two issues along the lines of
the cross~exgmination topics Mr; Macbeth delivered to us last

week .

CHAIRMAN JENSCH: Let us proceed, then. Call

" MR. SACK: Mr. Macbeth, if you will identify which
guestion you want to proceed with, I will tell you which
are the appropriate witnesses. ‘Perhaps it would be best
if Dr. Lawler and Dr. Raney came up here to the table,
CHATRMAN JENSCH: If they have been previously

sworn, they need not be sworn.

MR. SACK: Dr. Raney has not previously been sworn.
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His qualifications were presented on April 5, he has not

o
oF

u

———

-~ prasent at that time.

Vi
Whereupon,

EDWARD C. RANEY

Az

been first duly sworn, was examined and testified as follows:

rwas called as a witness on behalf of the Applicant, and, having
i

DR, RANEY: Edward C. Raney, R-a-n-e-y, 401

| Forrest Drive, Ithaca, New York,

4

4

i

MR, MACBETH: It ismy understanding from the

Appiicant that it is preferable to begin with Dr, Raney, if we

couid.

MR, SACK: aYesyéthat would be your Questionls,
and then continuing to thé’next one on page 3.

CHAIRMAN JENSCH: I wonder what would be more
convenient, Dr;'Raney,.could you move to the end of the table
so your papers will still be before you and vou can face the
interrogator.

DR. RANEY: Yes,

CHAIRMAN JENSCH: Proceed, please.

CROSS-EXAMINATION

MR. MACBETH: Dr. Raney, if we could start with the
questions of migration, coﬁld you idéntify for us the species
of fish that migrate past Indian‘Point to and from spawning

ground.

DR. RANEY: Yes, sir., There are approximately 51
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species found in the river south of Albany. These; as they.
#égularly migréte past‘Indian Point for the purpose of spawning
es sturgeon, Rmerican smelt or rainbow-smelty alewife,
blueback herring, American shad, several specieé of sucker,
the striped bass, There are othér fishes that move past
this area. As a matter of fact, probably two-thirds of the fislhes
;hat live in the river south of Albany would pass this area
ét.some time during their life. As an e#ample, tom cod, sea-
horse, pipe fish, four species, the blue fish, ja;k, butter
fish, spoﬁ.: Then there are a group of fishes which are
basically vesident fishes which 1i€ejj,this area, whiéh may mové
to éome extent. These movements are probably not in relation
t§ spawning. These include two species of the catfishes, or ong
species of catfishes, buliheads, the white perch, the yeilow
perch and a half a dozen species of basses and sunfish.

MR. MACBETH: Are eels included in the list of those
that migrate?

DR. RANEY: I didn't mention it, but the eel is a
migratory fish which moves out of the river and moveé down

!

to the Sagasso Sea and spawns aé sea. The young return, migrat

by

up the rivér, iive for seven oreight years of their life,

(43

MR. MACBETH: And they would go past the Indian Poin

site?
DR. RANEY: VYes, that is true, sir.

MR. MACBETH: Let's take some of the fish. Can you
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describe the time in whiqh the*gléwifé migratesvthrough
the rivar, and particularly in passing --

DR. RANEY: Yes, the élewife' is an early spring
spawner, It mdvés up the riﬁer normally wheﬁ the
temperature begins tp reach the-range of 45 to 50 degrees. It
usually enters the 10wer‘tributéfies, and it is.followed by

its close relative, the blueback herring and the American shad,

to run or to migrate,
MR, MACBETH: Each of these fish in turn is migratinq
at a slightly higher temperature when the river reaches it?

_ DR. RANEY; Yes, sir. Temperature apparently is the|
factor which triggers migration along with natural changes in
~- Gifferences inlength cof daylight.

MR. MACBETH: What would be *the temperature range
in which the blueback herring would be likely to pass Indian
Point?

DR. RANEY: Blueback herring usually reach a'maximum‘
when waier temperatures are about 60. They are still present
in the river at a temperature of 75. Actually they are
present now bofh in the Hudson and aiso present in the
Susguehanna and Delaware at the present time. So that they cover
a range, of each of themcovefs a range of about six weeks in

its migration unless there are substantial changes in physical
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This year, for example, many of them were affected
by the unusually high run-cff which was often accompanies by
decreased temperatures;

MR. MACBETH: By changes in physical condition, you
mean the surrounding environment will not do anything inéernal
tothe fish?

DR. RANEY: Everything that happens externally to sone
extent affects the internals ofvthe fish because it is submersed
in its environment. We speak of them és being cold-blooded
because they are not necessarily -- not necessarily because
their blood is cold, Ybecause it is the same temperature as
the surroundings.

MR. MACRETH: You were thinking of matters like fresh
water run off of amount of sunlight, general weather
temperature? Were you thinking of disease of fish?

MR; SACK: I object to what Mr. Macbeth is categoriz-
ing what Dr. Raney is thinking of. He can ask what he is
thinking of father than a suggestion.

CHAIRMAN JENSCH: 1In a cross-examinétion we try and
move i£ along. Dr. Raney doesn't have to agree with the
suggestions.

DR. RANEY: You mentioned some of the factors.

MR, MACBETH: Have i missed the important ones?

DR. RANEY: As far as migration is concerned, temper;

ture, and these innate, inbuilt genetic factors which cause
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them to migrate at all.

MR. MACBETH: Could you give us the temperature
range at which the shad would bé migrated?

DI. RANEY: The shad usually reach their peak
at around 65 to 70 dagrees.

Here again, 1ike %heothers, they run over a period
usually of about six weeks. Yoﬁ can get somerf them coming
inthe Hudson, for example, in May. ‘Others will sﬁay in as late
as the middle of June., This year you will probably find a lot
of'spent shad in the Hudson past_the middle of June. This
has_beeﬁ our experience this year on the Susquehanna
River. | |

MR. MACBETH: I think both for blueback herring and
the shad, you have given me the peak temperature, which is
the temperature at which most would be migrating.

DR. RANEY: Most would be at a given place inthe
river. I am.assuminq here;'for.feference purposes, Peckskill,
MR, MACBETH; When'ﬁhe.temperatufe is 65 to 70 at
Peekskill; the-greatest.numbéf of shad would be inthe |

Peekskill arca, is that correct?

DR, RANE?: In most years, yes.

MR, MACBETH: Could you descfibe to me the place
in the water column in which the 'vaiewife‘“ migrates? 1Is

there a particular mrt of the water column?

DR. RANEY: The alewife, blueback herring and
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American shéd, on'the upstream migration to spawn, nqrmally move
at night and normally mo&e_fairly close to surface waters. The
downatream migration in the falil, at the end of the yeaf, they
move hoth day and night. Those that move during the day
usually move in deeper waters. Those thatmove in the evening
and night usually move near the surface.

MR; MACBETH: Is your statement Saséd dn particular

studies inthe Hudson river of these three fish?
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 were done, just an outline?

were done by the State of New York, Conservation Department,

of etudles of fishes-dome in the HudsoQJ7I personally was

MR. RANEY: Yes.

MR. MACBETH: Could you describe when those studieq

MR. RANEY: The basiec studies in the Hudson River

in 1936, as part of a series of biological surveys which
covered the entire state. They were published in 1937 as a

suﬁplement to the 26th Annual Report of the State of New

York, Conservation Department. it wae entitled "The Biologice

Survey of the Lower Hudson Watershed, No. i1,

This document, which is séme 370 pages; is
entirely with the fish'of the.Hudson River, and much of
it deals with a so~callad uprunning or &n anadromous fish,
Qr migratory fish found in the Hudson.

|

v?//a rather ekten51ve series

ance that tjme,/ %

involved in studies between 1949 and 1965. These studies

resulted in & series of papers which I won't read but which we

listed -- and cover two printed pages.

Studies have also been done, of uourse, by

Eéggﬁigﬁwgompany over a period of approxxmately three

years.

N

The New York State Conservation Department has on .
various occasions studied fishes’ in the Hudson River and have

made ourveya from the p01nt south of Hdverstraw to a point

sl

L
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near Coxszkie, about 20 miles south of Albany, New York.

Many of these studies wexe'noﬁ published. I was
avle, when I was chking on striped bass, to get many of
tﬁe specimens that wefe collected éuring these studies, and X
beligve the specimens are on deposit at one of the local
headquarters.

could I finish this?

' MR. MACBETH: Certainly.

ﬁR. RANEY: There is one nther.séries:

New York State University - I ém sorry. New Yorkg
University also, over the last five years, have undertaken a
series of studies, and then more recently, my group has under-—
taken experimental studies, not on the Hudson River, but on
fishes which occur in the Hudson River and which are of
particular concexrn as far as heated plumes are concerned.’

MR. MACBETH: I would just iike to pick up one or
two things that weren't entirely clear to me.

When vou said the studies were not published,
you-were referring only to the New York State Conservation
Department studies?

DR. RANEY: Yes, the more recént studies. There

have been occasional publicétions in the New York State

Conservationist, which have outlined these studies. The

detalls in general have not been publlshed.

MR. MACBETH: You said your group studles fishes

cmummanr
e
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in the Hudson. Did those stﬁdies -- now we are dealing
generally with the alewife, blue back herrings and American
shad -- with some of those studies?

DR. RANEY: Yes, and studied specifically for

Consolidated Edison in an effort to learn what the temperature

preferences of these fishes Nt/

S

MR. MACBETH: Which of those_three fish were
studied?

DR. RANEY: The blue back herring and alewife
were studied in the greatest detail. The American shad was
studied tc some extent, ﬁﬁt a formexr étﬁdent of mine, Sanford
Moss, has spent three years studying that species in a
Connecticut River published study -- these studies are,
in my opirion, ade@uate‘to make most of the interpretations
that might be called for with regard to its behavior in or
near a heated plume.

Actually we did not emphasize that. We emphasized
the striped bass and the white perch because these are fishes
which are ecologically significant in the vicinity of the
Indian Point plant.

MR. MACBETH: Perhaps we can take up the studies
first.

You said that was not a study in the Hudson River.

Wwhat were the conditions under which the fish were studied -

in that group?
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DR. RANEY: These were actually fishes of the
sams species found inlthe Hu&son. ‘We have ah experimental
laboratory set up on Appdquini creek at £he delta where
Highwéy 9 is crossing near Odéssa, Delaware. ' These laboratorid
were set up in trailers.

They were set up so that at high tide we have

Delaware River water, the salinity of which varies basically

We did Ehe studies.there.becausé the labs were set
up. We used the same species of fishes. The conditions, if %t
varied at all, were minor vériationS'which probably 5ad to do
most with chemical coﬁditions_in the water.

MR. MACBETH: What would those variations have
been?

| DR. RANEY: The Delaware River, in the vicinity
.. between Wilmington and Philadelphia, is the site of a
number of chemica; plants. We have more chemical pollution
there than we do have in the Hudson.

Nevertheless, our studies weﬁé done in a place
where we had 100 species of fishes. Thefé'was no obvious
pollution, and the tests that we were able'£§ run witﬁ the
usual methods indicated no large amounts of copper, zinc,
cadmium, mercury and other chemicals which some peoplé
ﬁight consider a problem“.

MR. MACBETH: Could you describe the experiments

5
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that were undertakean by the iéhthyoloqical associates, first,
tée time of yéax in which the experiments were undertaken?
Let us start there. |

DR. RANEY: Tﬁese studies were carried on
throughout the yvear so that we héd the advantage of studying
théir behavior, the behavior of fishes; There are two
different temperatures.
| As the temperatures were rising, as the temperaturd
wéfe falling, and under winter cénditions, Thesé studies
basically had_to do with the temperature that a fish would
go to oy stay away from at a given time, and we also did
studies on what we call shock experiments.

We take a given group of fishes and subﬁect them
to a sudden’change such as they might undergo in an unpusual
gituation.

' CHAIRMAN JENSCH: Excuse me.

Did you publish a report of these tests?

DR. RANEY: Yes, sir.

CHAIRMAN JENSCH: X wonder if that could be

submitted with that same kind of interrogation and you can
review :it.

 MR. SACK: That was made available to Mr. Macbeth
last week'wheh he raiséd these questions.

CHAIRMAN JENSCH: Proceed.

MR. MACBETH: In response to that, there are

-]
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‘parts that I was trying to get.

CHRIRMAN JENSCH: I wanted vou to have an oppor-

“tunity to review it.

Proceed.

MR. MACBETH :,  Could you describe the kind of tank
or whatever you kept the fish in?

DR. RANEY: What we do is bxing the fish into
the laboratory apd keep them under the same conditions that
we found them in nature. |

In other words, we would keep them acclimated to
want we call_the ambient water temperature, the temperature in
which they were living.

We have a tank that is divided into four quadrants;
On one side of this guadrant we have what we call T. The
ambient *l:empera;tm:eo On the other end we have T-plus 3 or 4
degfeeso On the other half of the quadrant we have the
reverse so that at one time we can run our replication
experiment. '

So we put , the fishes in, for instance,,K at 40,

‘and then they have a chance to either stay in water that is

40 or move toward the alternate temperature, say, of 45

degrees or 40 degrees. We observe using closed television

systemn, usiﬂg":videotapey so that our presence will not be

a disturbance to the fishes.

MR. MACBETH: What were the temperature ranges that
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that you covered in these experiments?

DR. RANEY: Basically from around 35 degrees
" Fahrernheit up to more.than 80 degrees Fahrenheit, and through
a year.

" MR. MRCBETH: Perhaps I should phrase it different]

What kind of delta-T or what kind of differences
‘across the experimental pond did vou use?

DR. RANEY: Normally we would use a delta-T éf
basically fouxr oxr five degreeé.' The reason we cgose this was
this was in Sahford Moss'® studies on American shad, it indicate

that in temperatures up to five degrees Fahrenheit, in summer,

wera ecologically -3 t as far as fishes were congerned..
It passed through this wj of M
as.they go from, say, top to bdttom, mid-river to shore; But
when you get temperatures that are in excess of this in

a given'area, the fish tends to move away.

In other worxrds, they are attracted up to about five

degrees.

We have a temperature diffevential higher than that
and they tend to be :

So that in a given sexies of experiments; we start
with a different temperature, and acclimate the fish,igive
them a choice, see which way they go, and sea how far they
will go until they are repelled.

MR. MACBETH: At the relevant ranges for the

‘Y‘

d
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thres species whisch we are describing; 45 and 50 degrees
for alewife, a2 60 -- sround 60 -- for blue back hérring,
and 70 for shad, did you find the fish were either rejected or
repelled? (YnﬂJfYPMNLLtth) JD) |

MR. SACK: Fr——*acbétu s characterizing the
previous testimony as far as temperatures go. We &are not
sure he has correctly phrased these questions.

T think we should leave that to the record.

MR. MACBETH: I will rephrase it if you like.

Taking the alewife, did you have any expeximents
where the temperéture to which the alewives acclimated to 60 i
degrees?

DR. RANEY: Yes, sir°

MR. MACBETH: Did you find that over any of the
temparature ranges that you stu&ied, there were either an
attraction or a repulsioﬁ to the water?

DR.’RANEY: Yes, 8iv.

MR. MACBETH: What temperatures did you find
attraction at? |

DR. RANEY: We found that fishes which were
acclimated o a temperature bf 63 degrees Fahrenheit on
3.Noveﬁber_i971'aﬁdided the temperature of 79 degrees Fahren-

T

heit.

On 21 Octbber 1971 fishes that were acclimated to

a temperature of 64 degeeS Fahrenheit avoided the temperature
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of 76 degrees Fahrenheit. They were attracted to the
intermediate temperatures. | |
 On S,Augﬁst 1970,.a1ewife acclimated to 77 degrees
and avoided a temperature of 86 degrees, but was attracted
+0 the intermediate temperatures.
These data that I have been‘rwﬁding are on page

36 of a paper called "Temperature Preferences, Avoidance and

Shock Experiments with Estuarian Fishes" done by Doctors
John W. feldfin'and James J. Gift, and published iﬁJ%Szgﬁzggig
Associates Bulletin 7, dated November, L971. |
Mr. Chairman, if you would like & copy of this
for the record, I would be glad to leave this copy.
CHAIRMAN JEQSCH: We'll 1et‘you§ counsel handle
that. Thank you. ’
| MR. MACBETH: Taking the blue back herxing
did you do -- |
DR. RAMEY: We did so for the hérring,.also.
MR. MACBETH: Could vou give us a rundown on that?
DR. RAENEY: Yes, sir.
A specimen acclimatea at 59 degrees, 28 October
1969, avoided temperatures of 76 degrees but were attracted to
intermediate temperatures.
'On the same date anothexr group of blueback herring
acclimated to 59 degrees, avoided 77 degrees.

This was on page 34.
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MR. MACBETH: Take the shad, just briefly, 65 to
70 for the temperature.

DR. RANEY: I have no data in this report on shad.

MR. MACBETH: Let me return to the series of studies

which you ycurself'made getween 1949 and 1965.

I believe you‘had a list of studies‘there?.

DR. RANEY: Yes, sir.

MR. MACBETH: ARe all of them published pépers?

DR. RANEY: Som af them appeared in ;arious
decuments.

MR. MACBETH: . I would like to have that list,
but I ddn“t see too much point in readin§ it in the record.
Could we place it in the fecord as if xead, and provide ne
with a copy of it? |

| CHAIRMAN JENSCH: You will.haQe to férhish

the regquirement to the reporter, 30 copiés of whatever it iéﬂ

MR, SACK: If Mr. Maébeth wants to undertaké:;ﬂ
it, all right. I am not sure I understand the relevance of a
1ist of these papers.

MR. MACBETH: I assume that is ore of the founda-

}tions for mr.'Raney's opinion. We would like to have that

jist so that cur own experts can look at it. When we give it

tc them on this point, it would be useful to know they are
covering the same basic materials as. Dr. Raney's.

MR. SACK: We think this is in the nature of

PPN )
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< I don't think this is evidentiary.
MR. MACBETH: It is evidentiary. It is a founda-
tion of Dr. Raney's opinion.

He stated he relied on this list of studies.

o

MR. SACK: I den’t think he said he velied on all

of these.

MR. MACBETH: Dr. Rapey, could you distinguish on
those which you relied and those on which vou did not rely?:

MR. SACK: Could the xeporter repeattthe guestion,
please?

{Wherevpon, the reporter read thelpending

question, as requested.)

ER« TROSTEN: The Applicant is perfectly willing
to meke a copy of this'available, this list, available to
the Intsrvenors for their review.

In the course of his geﬁexal discuséion; Dr. Raney
mentioned that he was the author of & number of papers, and
that he participated in a number of studies. In order to
determine whether he has relied on a particular study for a
particular portion of his testimony, it would be necessary to
determing exactly tﬁe question involved, and 30 on.

I see no reascn why this list of documents should

sonmehow become a part of the record in the proceeding.

Yie are perfectly willing to give a copy ¢f it to Mr. Macbeth

if he dozsn't already have it. He may well have it at the
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present time.

CHAIRMAN JENSCH: I understand the last pending
question was, on what papers did vou rely for the férmulation
of. the opinions as expressed here, and he was. in the process
of answering that when the qﬁestion came about re~reading some
previous portion of the inguiry. |

MR. TRDSTEN}‘ Mr., Chairmsn, I would suggest that
Dr. Raney has exprassed a humber of opinions here. I think it
would be rather difficult for him to go back thréugh the
reccord and determine exactly which opinions he expressed to
see whether he happened to rely on one of the studies which
span a period of scme 20 years.

CHAIRMAN JENSCH: Won't that be foundation.
evi&ence‘in any event? He expraessed many opinions and how
he déxived the cpinion would still be a matter of inquiry,
would it not? |

MR. MACBETH: I believe Dr. Raney stated that as a
foundation for his opinion, he mentioned this list of
studies. I believe we can go back and ask him which it is
that he relied on.

MR. TROSTEN: I really believe, Mr..Chairman, we
would have to go back to lock at the particular statement
involved.

-CHAIRMAN JENSCH: My recollection was that he

stated he participated in meny papers. Doesn’t that indicate
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that he had used them? I think the pending question seeks
to determine that.

R, TROSTEN: Mr. Chairman, I believe the record

" will show that Dr. Ranev, when he read or meantioned this list

of statements, was simply referring to the studies that he had
made over a pericd of time.

CHAIRMAN JENSCH: That was my understanding of his

statement, only that far. I think the interrogation now is,

did vou rely on or what were the ones you did rely for your
cpinions.

I think that is pending now. He hasn't deternined

~that any of the papers has been uged yvet. I think the question

is still pending.

MR. MACBETH: Did you indicate which of these
maperg in that period you relied on in reaching your Qpinion
as to tho effect:which heated plume will have on the migration
nabits of blueback herring, alewives and American shad?

MR. SACK: I don't think Drx. Raney has expressed
an opinion on the «ffects of the heated nlume on migration.
We haven't aéked -- discussed the heated plumeé We have been
discussin§ .}migiatory appearances so faf.

MR, MACBETH: That is accurate. I will rephrase
it.

I think at the moment we got into the list, I

posed to yaﬁ a guestion on the migration appearances through
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water colume of alewife, blueback herring and American shad.

Yould you indicate which of those studies you relid

on in giving usz vour opinion as. to those migration appearances?

DR. RANEY: The studies I referred to are basically

regard to my opinion on bklueback herring and alewife and Amerid

papers.

MR. MACBETH: Are there any on the particulér

f thoge fish beside those undertaken by the

Associatés on which you relied, and the studies

DR. RANEY: The studies made under my direction
are now in the generai litératnreu

‘Mﬁ. SACK:- I don't undeérstand the question.
Maybe}Dr° Rahey does. It would szem general £c me .

CHAIRMANFJENSCH:.‘Perhaps the -- perhaps you can
work it ouf_later. I amhhaving difficulty knowing what the
opinions -- as I understand the witness, he has indicated
his findings of f&ct that certain fish were accustomed
to'a'certain temperature and they avoided temperatures at
64, 77, 76, 66, degrees, respectively, as an illustration.

The herring, if it was accustomed to 59 degrees,

avoided 77 degrees. These are findings of fact. I don’t

a4

T
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understand where the opinion evidence has besn reflected yet.

MR, MACBETH: I was goinyg further back, Mr. Chairmin,

3

to my sarlier guestion about the way in which the fish

migrate through the water column. Dr. Raney said his answers

e

5 he based on a number of different studies. Ie 1isied off a
8 great many, one of which is Ichthyological = .Asscciates.
7 I was coming £o that.

6 ® CHATRMAN JENSCH: Proceed.
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MR, MACBETH: Have you urself made studies, aside

from those of ichthyological associated, which e#amine the facts
of where'élewife} ' blue back heiring and American sﬁad
migrate through the watér columh? |

DR. RaNEY: If I understand it, ave their patterns i
the literature which describe where young American shad migrate
aé they move down stream?

MR. MACBETH: Bither written by you or under your
direction. I don‘t expect -= my only point is, I don't expect
jou'to-review the entire general literature but I would like
tﬁ,pinpoint anything which 3§u yourself has done.

DR. RANEY: The majof study done on downstream of

- small g&ﬁ%gf;merican shad was done by a biologist working under

thé di#ectiaﬂ of a committee of six s?ecialists; of which I
am a member. These studies were done in the Connedticut
Riverhih connection with thé Connecticut Yankee'plé_nt° The
biologist 1is Bart Marcey. The last issue appeaﬁeé in
Chesapeake Séienca which aépeared a week ago. |
MR. MACBETH: Are there any others?

| DR. RANEY: The major papér . which'I‘referred to
with regard to the American shad and its avoidance-df tempera-
ture}is that by Sanford-Moss. This paper Wwas also prepared
undexr the téchniaal direction of the groupvof experté, so-calle
advising on the Connecﬁicut Yankee Studies. This has been

published in transactions of the American Fiszhery Society in




R I
eak 2 ,
I 5843
¢ || approximately 1969.

2 : MR. MACBETH: Could you tell us where -across the |

3 || viver ye i would migrate?

DR. RANEY: On a given night you might find alewifa = |

xrmian

&

. at any peoint in the river but the larger nuomber of thek

@

5 which are actually migrating rather than milling around would be
?B_fpun& in o; near the channels. At night they would helmoﬂerately
@i!dlosg to the surface. This is the indicaticn that we get fgom

. giil net sets..

10 i Our difficulty here is that some fishes can avoid

o gill nets. We’dia kpow that nets set near the surface, which

.2 hang from the surface, catch fishes such as the j et

blue back herring and American shad, when they are sst in or
3

x channel areas. This does not mean that they do not also usé

-3 [
Y [79)
=
®
o
2]

the shallower areas to migrate to some extent.

|

5 |

% % ' One of the reasons we don't know veryﬂmuéh about this
- ié’thaé normally fishermen do not fish in these shallow areas

] o ’

. because of difficulties in getting there.

8 _

. MR. MACBETH: Could you tell me where the biue

9 . o

o0 back herring migrate?
. DR. RANEY: Basically, riverwide, but they seem to be
" concentrating -— here again, they can be distributed‘iﬁ great

22 il . '

' e mﬁhbérs from bank toc bhank below obstruction, suvch as dams. But
- in channels below dams they appear to‘be mos£ common in channels
24

MR. MACBETH: Tell me abhout the American shad.
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{ Basic migration seems to occur in or near the channels.

the resuvliis of those studies at this time or are they not in

testified that he hasa’t completed these studies. Then it is
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DR. RANEY: It had the same basic migratory pattern.

MR. MACBETH: Is youxr statement on the place in the
river, cross-section éf the river in which the £ish are migrating
based on particular studies you have made or made under your
direction?

DR. RANEY: Either obszervaticns that I héve made or
have been made by people working foxr me and under my direction,
&r as stated in the literature.

MR. MACBETH: Are all the studies that you have
undertaken also reported in the literature?

| DR, RANEY:l Ulcimatly, ves.
| MR. MACBETH:. Are there anyvstudieg that»you have
that'yau haven't reported? |
DR. RANEY: V¥Yes, sir,
MR, MACBETH: ¥Where are these?
DR. RANEY: These have only not been reported
because they are siill underway.

MR, MACBETH: Would you be in a position to give

sufficiently concrete form?

MR, SACK: Objection, Mr. Chairman. The witness has

improper to ask for rasults.
CHAIRMAN JENSCH: Any kind of results are you looking

for? Does he have anything that you consider final in any
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reépect;“whether YOu pubklish them or not?

i MR. SACK: Mr. Chairman, this is a man that does a
.10t of work an& has many projects. I think the question has to
gbe more spabifico I am not sure what contention we are working on
now and what specific study Mr. Macbeth is locking for. I think!
ﬁhe question is too broad.

! CHAIRMAN JENSCH: Cbjection averrﬁled,

DR. RANEY: The gquestion, please, Mx.‘R@pQrter.

(The.repoxter read the record as requested.)

VCHAIRMAK JEMSCH: Can you rastate it, Mr. Macbeth?

MR. MACBETH: Yes.

Do you have any results thaf you can state of studies
that have not been reported in the open literature which
indicate where in the cross-—-section of the river alewifs, blue
back hérring and American shad are?

DR. RANEY: VYes. Oveyr the last two years in‘the
Susguehanna River and the Susﬁuehanna flats, that is the upperxr
part of Chesapeake Bay, we have been studying the migration
.of'these three species plus'the hickory shad which is_closely‘
related,- Foi the moét part, these fishes nigrate in or near the
‘channels. In mos:t of the movement of adults upstream is at
‘night.

MR, MACBETH: Lebt me turn at t&is point to the striped
{bass. When in the ccursé of the year do the striped bass

f
migrate to and from the spawning grounds?

%i DR, RANEY: Striped bass spawn basically shortly

%:
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after American shadlhave reached their peak, water temperatures
are 65 to 75, Théy spavn normally in virtually fresh water.

MR. MACBRETH: What about their seaward migration?

DR. RANEY: The séaw#fd migration of the striped bass
is a very complicatéd businesé. The reason it is complicated is
that there are différant contingents of striped bass. For
i
.sériped bass that wé enjoy catching, say, off Montaukfor
off Cape Cod, are a¢tually three years old or oider, and théy

! i
;'were born either in Chesapeake Bay or Delaware Bay.

g Most of them were spawned in the Chesapeake Bay.
When they are two ygars or clder, they begin to make this migra-;
tion. They migratefnorthwar& in the spring. They come back

i sometimes cver wintexr in North Carolina, sometimes at the lower

tre=

f Hudson . or Mullica region of New Jersey or on the eastern

| rivers. This is the big group for, as I call them, race of

1 call it the Hudson River race. It is 80 percent frxrom the
Chesapeake Bay racé upon the basis of comparable characters,

such as fin rays, scales, this sort of thing. Our studies, and

!

these have been coﬁfirmed by studies of others, indicate that
‘¢hese fishes were spawned in the Hudson River. They undertake

migrations of the following type. 'They move out of the

1

il Hudson River into the western quarter of Long Island Sound where

they form an important summer fishery. Others move out of the

1
1

striped vass. The striped bass so come on in the Hudson River -+

L2

|
|
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river and ave found in the lower bays in the New York avea.
‘Some of them spill out araund'the-New Jersey coast. Basically
%they are in'or ne&r the New York_City area or in the
Connecticut arsa. This does not mean; of coursa, that members
of other races along the Atlantic coaét do not at times come in
the Hudson and r-studies. ‘have indicated that they do.

So that in trying to give a8 simplistic explanation

of the movements of great species of fish, it is very, very

difficult.
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MR, MACBETH: Is there a particular time when
they go to the -- those of the ang Isiland Sound or the New
Jersey Coast move along?

* DR, RANEY: Yes, sir,

MR, MACBETH: What ig that time?

DR, RANEY: After spawning ovr before spawning,‘
in the case of mature fishes, they move out in the late
spring and are.fdund in tﬁe-western quarter of Lpng Isiand
Seﬂnd,thrauqh the summer, or in the New York Bay area, or
spilled out in the area along NorthbJerseyy and then near

November, depending somewhat on temperature, they move back

pua—y

in the Hudson River, and over Qinter there, when they become
mature,they spawn.

Afﬁer spawning, they undertake these local migrations
again.

MR. MACBETH: Have you undertaken studies of the
actraction or repulsion of stripped bass by heated water?

DR. RANﬁY: Yes, sir,

MR. MACBETH: Were they the same series of studies
that vou described the Ichthyoclogical Associates had undertaken:

DR. RANEY: Yes, they were described in Bulletin No,
7 of ‘November, 1971, of Ichthyological Associates.

MR. MACBETHz  I:assuﬁe that the general description

of the tank andthe way in which the temperatures were distri-

‘buted would be the same for the striped bass as it was for the ..
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other fish?'_

DR. RANEY: Yes, s8irx. The experiments were done in
the same tank, ves.

MR, MACBETH: Did vou do experiments on the attrac-
tion or repulsicn of heater water, striped bass where tempera-
ture of the awbient waters was 65 and '75?

DR. RANEY: Yes, sir, we did'a series of expeviments
starting with ambient temperatures of 4} and going as high as

ambient temperatures of 77. These included most G¢f the year,

These are shown on page 26, Table 3 of the Bulletin 7,

MR; MACBETH: Could you briefly describe the results
where the ambient was 65 to 75,\please? |

DR, RANEY: Yes. On October 22, 1970, when the
acclimatiaﬁ temperature was 61, striped bass praferzéd
temperatures of 73,

MR. MACBETH: Shoﬁid T read that to mean that they
were repelled by the numbers up to 73 and attracted
above. that?

DR. RANEY: They prefer temperatures of 73, If

the teﬁperatures nad been higher than that, they would have beer

repelled.

MR. MACBETH: They would have been repellied?
DR, RABNEY: Yes.
MR, MACBETH: Were they attracted at any temperatures

lower than 732
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mii-3 8 | DR, RENEY: Orn October 15th, when the agclimation
2 temperature was 68, they preferred a temperature of 77, OnA
‘ 3 %3 Cctober 1l4th, when the acclimation temperature was 70, they ‘ }
. & 35 preférred a temperature of 79, Basically the higher the ‘
& ? acclimation temperature, ﬁheuﬁighezvthe preferr&d‘temgeratureq,‘
8 T Whatthis means from plume standpoint ig, the fishes will move,
7 basically, intc a plume until it reaches its preferred
8 temperature, If the temperature becomes higher than that, it
£ moves out. Thie is the reason we very, very rarely have any
10 fishes killed in the heated plume,
g3 MR. MACBETH:  When a fish moves into a heated area
22 and reaches the temperatures to which it would be attracted,
15 does it tend to remain there? |
. 14 DR, RANEY: It would tend to remain there if it is
95 1t close to a preferred temperatﬁre, ves, sir,
w6 | | MR. MACRETH: Have you conducted any other studies |
17 or have there been any other studies made under your direction 3
: » |
58 aside from this series of Ichthyological Associates which |
19 deal with the attraction or rgpulsion of striped bass to
26 temperatures of this sovt?
27 Parhaps that is toc vague,
22 ~ That is that deal with the attraction or-rgpulsion
( 23 of-étripeé bass to heated wéter.
24 DR, RANEY: These stuﬁies that I am referring
25 g to are the best, most detailed studies of preferred tewperature;
a.
|
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attraction dash repellant temperatures of stripedibass that

1

nave ever besn done,

MR. MACBETH: I just want o establish that we
were on the firmest ground,

DR, RANEY: There have been occasional studies
that»ha&e been done where striped bass wmay have.been acclimated
to a givén temperatﬁré, and given an opportunity to go at

another. These studies were done basically through a whole

year, both for striped bass and for white psrch.

MR, MACBETB: Where were these striped bass taken
from?

DR. RANEY: At Augiétine Beach, Delaware River.

MR. MACBETH: . Do you know where they spawned?

DR, RANEY: On Augistine Beach.

MR, MACBETH: On Augistine Beach?

DR. RANEY: Yes.

MR. MACBETH: So they are not at any rate, fish of
the Hudson River race of which you spoke?'

DR. RANEY: No, they are not.

MR, MACBETH: Could you describe where in the cross-
section of the‘riverAthe striped bass nigrate to and from the
spawning grounds? |

DR, RANEY: In my experience, based upon extensive
gill netting of over 35 years, they-are mostly found in ox

near the channels Quring migration. But they may spawn
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almost any place in the river., They spawn neér the surface
in groups.

| " MR. MACBET&: When you say in the channel, is that
always the deepest ?art of‘the river or i3 that generally parts
of the river that are below a certain depth?

DR.'RANEY: The distribution can vary tremendously
from day to day. It depends also on what chemical conditions
might be, whether dissolvedvoxygen is present oy not,., In other
words, they often tend to avoid the deeper parts ¢f a 40-foot
channel if the dissolved oxygen is low,

MR, MACBETH: In cother words, islthere a particulér
depth toward whigh they tend? If you had a choice, say, from
0 to 60, would they tend to be 20 rather than 407?

DR. RANEY: Well, in my experience, the rivers that
I worked with, have 40-foot channels, In these,rivers the
distribuﬁion"is bésiéélly in the top 30 feet.

This is the channel which is kept
dredged fﬁr.shippiug, or which, in many cases, would be a
natural channel.

MR, MACBETH: Is your opinion or statement where

the striped bass, in which cross-section they migrate, based

. on particular pubiished studies? You gave me the impression

it might ba your general experience,
DR. RANEY: It is my general_experience based on

gill netting; But we also have the advantage of having




soniciilly tagged fisﬁ, relatively few-samples.

It baszically indicates.they.followcﬁannels, We ha&e muéh
more erytensive data on American shad, Tﬁese, again, are ﬁoétly
Connectlcut River studies. tudies also have been done else-
where, We do nrave a few examplgs of sonically tagged stfiped
bass that w7e have besn able to follow for several miles,

These were Whasically followed in the channels.,

_M3~ MACBETH: How few is‘a few, 10 or 100?

Dﬁ, RANEY: Fewer thaﬁ five, as I recall.

MR, MACBETH: Whereabouts were those tests taken?

DR, RANEY: In the Delaware;

MR, MACBETH: In the Delaware?

DR, RANEY: Vesg,

MR, MACBETH: It sounds like such a small number,
Is there some particular raason that the experiment was only
to‘do five?

DR. RANEY: The tags are very expensive. You can
work for seven '‘or eight weeks and maybe be lucky and get a few
taggéd’and be able to follow a éouple. it takes a lot of years
of work on a’given fish to really get significant daté.

-For example; as far as the studies that were
concérned iﬁ Connecticut, if took five or six years of experi-
menting withvvérious kinds of sonic tags before thevatarted
to‘get any results at all. But the technique now has worked

out to a point where a young investigator could take it, and if

ey
i
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he were diligent, he could get results,

MR, MACBETH: Getting back to these five or seven

in the Delaware, were more tagged and iost?
DR. RANEY: Yes.

MR. MACBETH: How many were tagged?

DR. RANEY: Upwards of 20.

MR, MACRBETH: Let me go back for a moment to your

Are
there strlped bass that spawn in the judson - that w1nter over
in other areas, other rivers?

DR. NANEY: It could be, but wgg ovey a five-year
pericd, found 1ittle evidence of it. My recollection of
John Clark's paper which appearedAin'the'transaction of the

Ameriecan Fisher Society, that he did not find substantial

evidence of a fish which actually belonged to the Hudson

race having ever wintered elsewhere, But the striped bass

is the type of a flsh -~ from all we know about the Chesapeake

Bay race, that occasionally do not go back to the Chesapeake

Bay and may go© off to North Carolina and Albermarle Socund.

some of them go into the Mullica River. We have a few of

them over wintering in the Connecticut River, and some in the

Thames River in Conanecticut. There are a few‘places in Cape

Cod where they find over wlnterxng populatlon. The conciusion

of this is that it would not surprlse me that if occasionally

a Hudson River striped bass might over wxnter someplace else.
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But the results from our tagging experiments -- and there were

several thousand tags involved -- it'dmésemted a relatively

&3

short movement either to the western portion of the Sound,
or arcund the wouth of the Hudson River,
Let me turn to the white perxch, They are not a

seasonally migrating fish, but a resident fish in the Hudson.

@
7 | 1 think they are a resident_fish that migrate.
) In other WGrds, I don't think the white perch go out of the

o) Hudson River like the striped bass did, put there is migration
10 in the Hudscn, and thers is over winteriné in the lower part
97 of the Hudson, It:is rmuch moré extensive than the over

82 wintering in the upper part.

23 MR. MACBETH: When would the white perch be most
' 14 li.};vely to be afound In&ian Point?
15 _ DR. RANEY: In the winter, except that any time you
16 will find white perch around Indian Point. You will find a

37' very great concentration of white perch in that area. It is.

1 prdbably one of the greatest over wintefing areés for any fish
99 d that Iiknowu
20 MR, MACEETHE Have you done studies-on the attractioﬁ
21 or repulsion cfbheated water to white perch?
23 DR, RANEY: ?es, gir,

‘ 23 . MR, MACBETH: Are they, again, the -- principally
248 Ichthyological Associaﬁes?

‘ 25 'DR. RANEY: Yes, in the Bulletin, and they were
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carried on through the year,

MR, MACBETH: Haﬁe you done studies cof the water
temperatures that you would find in the Hudson and Indian
Point in the winter?

DR. RANEY: We have done them in acclimation
temperatures of as low as 34 degrees on February 11, 1971.

MR, MACBETH: What did‘you find was the attraction

or rapulsion of fish?

DR. RANEY: We found that they preferréd a temperatuy

of 41 degrees at that time, In other words, they went toward th

warm water, but they were repelled instantaneously at
temperatures higher than that. This is the geneial principls.

In any of tnese fishes that live in
the Hudsonvniver at temperatures of 34, they w111 be attracteﬁ
to warmer water, They will all go toward the preferred
teméerature.

MR, MACBETH: Up to 41 degrees?

DR, RANEY: Well, 41 degrees. This was a given
experiment. we would begin another experiment, starting at
41, to see'what would happen, Foxr example, if we have a fish
which is acciimated to 43 degrees, thee it.prefers a tempera-
ture of 52 degrees, still going toward higher and higher
tempcrafures if they have a chance to acclimate, until they

get somewhere in the temperatures whlch are in the low 80s,

FPahrenheit.

&
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MR, MACBETH: bo.you have other particular
experiments other,than white perch up to an acclimated tempera-
ture of 45 degrees? Do you have the results of £hose,
quickly?

DR. RANEY: We have one at 46, 24 November 1569,
acclimated at 46. This would prefer a temperature of 45. This
is the fall of the year. The temperatures were falling.

On the other hand, in December, fish acclimated to
43 deqgrees and preferrad a temperature mf 43, A§aina these
are on page 23 of .. Bulletin 7. |
. MR, MACBETH: Let me go back to a statement fou made
a moment ayo, that fiéh in the Hudson at 34 degrees prefer, I
be}ieﬁe e

DR. RANEY : I said thevy prefer warmey temperatures,
In 9% percent of thevcasesp they do. The exception of this
is when temperaturés are falling in the fail of the vear. This
is one of the reasons they did these temperatures, both falling
and rising temperatures and through the summer. There is
some variation of the temperatures we prefer, depending on the
time of>the year the experiments.are done. Possibly we have
the other factor coming in there of the —-

MR. MACBETH: In the winter it would be the warmexr
temperatures, is that correct? |

DR, RANEY: These are our results: In December,

January and February, in axperiments, they all went from a cold

!
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to a warmer temperature.

MR, MACBETH: How much warmer would the water have
to be to attract them? If it was only one degree Fahrehheit
warmer, would that still act as an attractor?

DR, RAKEY: Yes, Fishes are very acute in their
perception of temperature difference. This doesn't mean that
they avoid them because they are one or twé or three or even
five degrees. _But fishes éan perceive temperatures of much
less than one degree Fahrenheit. |

MR, MACBETH: Would fish be attfactéd to differences
of much less than one degree Fahrenheit?

DR. RANEY: If the start of a gradient has to be

aimost one-tenth of a degree. So if you have a gradient leadindg

from a heated plume, it actually ultimately comes down to one-
tenth the degfee, 1f ﬁﬁe fish senses this, it would follow
toward the gradient and toward the higher temperature until
it comes to a temperature which repels it. The degree will
dependiupon‘éhe original acclimation temperature,

For example, a fish acclimated at 36 will go to 45,

If the temperature were higher than 45 in the deeper part of

- the plume and nearer the 2ffluent, it would be repelled. Here

Lo

again, thig is the reason that we did not get kills of
fishes near heated plumes except in very, very extremely small

specimens.

MR. MACBETH: By this, you m2an kills directly from

T
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thermal discharge? '
DR. RANEY: Yes, sir,
MR, MAC Efﬂ: When the fish inthe winter move from
fhose temperaturés»to slightly Qarmer ones they prefer, are
there marked changes in theif metabolism and behavior?
DR, RANEY: There can be with cer%ain species,
If you decrease the temperature 10 degrees and if they acciimate
to this, you may get a doubling of metabolism, But with a
white perch, the fish that we have been discussing, they Stayed
very lethargic until you get a temperature of almost 45. The§
can swim rapidly in cold wéter; but'they don't prefer to it.
They are lethargic. It is a.behavior character.
MR, MACBETH: Could they, in a very laymanlike way,

if you went out and disturbed them, they would be likely to

state or equivalent to a h;bernation, almost?

DR. RANEY: Well, w;ifé pewvch do not hibernate,
but they do become very iethargic.  Some £ish do,'actually.
They go down in the nmud when tﬁe water temperature becomes 40.
The? are quiescent until it warms up in the spring, White perch
and striped bass are active near the bottom, but the white
.perches»are a lethargic species.,

MR. MACRETH: Whatabout the striped.basé? Is it ==

DR. RANEX:_ A striped bass is more aétive than the

white perch in winter and will feed more often. It often is




mil-1i3

End 8

30

21

12

18

17

8

%

20

21

s
piieacribat e

5860

the souéce of a Winter_fishery,'

MR. MACBETH: As it moves up gradient toward a
prvferred températﬁxe, would it increase its activity con-
sidierably?
| DR. RANEY: kzi?incxeéses its metabolism, doubling
basically in 10 degrees. It would ténd tobswim fastex 1if
it had a reason to. For instance, if it were feeding. In the
wintér you get most striped bkass in places like the Mullica
River, in New Jersey, when the tenperature is 40 to 45
rather than when the temperature is 33 to 37.

MR. MACBETH: Would the striped basgc, as it moves in#o

H
3

that preferred temperature, tend to remain lethargic in behavion?

DR, RANEY: Well, they will because under normnal
conditions in the winter you seldeom have an opportunity to

go in the winter that is greater than 40 degrees.
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CHAIRMAN JENSCH: Proceed.

MR. MACBETH: I just have a few more questions for

this witness.
CHAIRMAN JENSCH: Will you proceed, please.

' MR. MACBETH: If a heated plume was present in the

" winter months in the Indian Point area, do you think white

nerch would be attracted to ie?
| DR. RANEY: VYes, sir.
MR. MACBETH: What part of the plume would they be
attfacted to? i |
DR. RANEY¥: They are going to ke attracted to
it if there is any kind of a gradient leading out of it.
They will go into the plume. How far they go will depend upon
the deltawT; it's imcrease in various parts of the plume
above awbient. |
MR. MACBETH: Let's say acclimated temperatures.
DR. RANEY: Yes, sir.
MR. MACBETH: low about the striped bass, again
a winter with a heated discharge? Woulé they be attracted
to that? -
DR. RANEY: Yes, indeed. They haﬁe been, auny
place you want to go in the winter along the east coast, if vo
want tﬁ.catch striped bass, you fish in heated plumes.

There's where they are.

" They axe going toward their preferred temperature.

i
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They stay in there and they feed. Later on they move out

~ to a heated plume?
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and spawn.

MR. ;MACBETH: Nd‘plaée like a power plant to
catch fish, one way or the other; is that'correct?

Maybe we caﬂldc a couple of the other fish. What
about tom cod at that time of the wiﬁter?

DR. RANEY: Tom éod is abwinter spavney .

MR. MACBETH: Would you also find it attracted

. DR, RANEY: To a lesser extent.

MR. MACBETH: Aie there other fish that you
feel are important in the Hudson River area? 1 don't want
you to go down the whole list of 93. That is that would be
atiracted .0 a heated plume in the winter months at Indian
Point? |

DR. RANEY: 1In the winter months,'virtually all thi
fishes that were in the Hudson that had not already retired
to the deeper waters or gone into the bottom mud, if they
came in contact with a gradient‘leading fiem the heated plume,
they would go toward the grédient, go toward the heated‘
plume.

So that heated plumes are an attraction to
f£ishes in.wintertime.

| MR; MACBETH: We have no further questions of the

witness at this point, Mr. Chairxman.
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t CHATRMAN JENSCH: Regqulatory Staff?
‘ 2 i . MR. KARMAN: I have no gquestions.
3 CHAIRMAN JENSCH: New York State Atomié Energy
‘ 4 Council?
5 _ MR. SACK: Could wé have a short recess before
& ﬁ the redirect?
7 R CHALRMAN JENSCH: Let me ask Dr. Ransy to .
] .consider something. |
2 Would vou tell uép whai are the similarities
g 1] and dissimilarities between the experimental écnditions under
11 which you carried cn this‘experimental work and the Hudson

River conditions, both summer and wintex?
DR. RANEY: ZAny experiment that you carry on is
“subject - to the experimental conditions. 1In the first place,

you arve limited to the size of the fishes you use. Most of

o5 o3
: & <] :
T
e e o T g o0 Ll ey e e et Pk P e o

16 the fishes wé used were basically three to five inches in ‘

87 length. So that we éan only asshme that these results are

1% applicable to a laxger fish.

KT Howewvey, we do know'that~larger.fishes are

20 attracted to heated plumes in winter. The only striped bass

21 fishery that ever developed in the lower Connecticut River

22 developed in the plume of a Ccnnectigut Yankee atomic plant.
. 23 1t was an excellent spoft fishery and lasted real good for

24 one winter. There wés no natural spawning of striped bass

25 in the Connecticut and only assumed that these were

1
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Cheasepeake béss that found their way in there to over-winter,
and were attracted.

ﬁSc we d6 have the factor of only being able to
wdrk'with fishes of relatively small sizes. Obviously
we can’'t work with mature fishes because striped bass mature
when they are two to three years old, at a length of 12 to
14 inches.

Females mature when they are four to seven years
old, at which time they may be 14 to 24 inches long. They
way live as wuch as 25 years.

Obvioﬁsly all thése kinds of things are variables
that you can‘t cover in an experimental situation. :

However, there are very good confirmations between

vhere you find fishes in nature and where vou find them under

sxperimental coaditions.

CHAIRMAN JENSCH& .Have you completed your answer?

DR. RANEY: VYes, sir.

CHAIRMAN JENSCH: How about the constituency,
if I use the word correctly, of the water? Does it vary with
thé conditions of the watex?

DR. RANEY: Yes. Every piece of water differs froj
that of every other piece. You could never make identical |
water. Even distilled water differs.

So‘theré is this matter of difference between

the watex that we use and the water in the Hudson.
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CHAIRMAN JENSCH: What affect would thai have on
‘your results? |

DR. RANEY: I would say none whatsoever. The only
way it could affect the results is if there was something
present in concentxatimhs which would be lethal or
sub~letha1.

CHATRMAN JENSCH: How about something nutritiocus?

DR. RANEY:i The fishes'that we used for experiment
are all fishes that are in excellent physical condition. We
ﬁan“t use sick or disecased fishes. |

We do not need them during experimentation. e
keep'them at their acclimation temperature usually for 24 hour:
to give them a chance o aﬁfust» -We run the experiments.
Sométimeé we do additional experiments with them, but usually
we go with fresh épecimens for additional experiments.

CHATRMAN JENSCH: Why didn't you use the
specimens from the Hudson ﬁiver?

DR. RANEY: UWe had our Operaﬁor set~-up, in
connection with another series of experiments that we were
doing. The apparatus qost_$100,000.

I had two young men who had gotten their

doctorates that had specialized in these type of experiments.

They had their homes and families near Odessa, Delawaxe.

It seemed only logical to me to do these

things where you have the equipment and the expertise. Howevel
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we do have this setup in a trailer, a hoﬁse trailer. It
couid be moved. I would anticipate we would find no difference

Why de I say that? Within the Delaware River we
have a 100-mile stretch between the Delaware Memorial Bridge
andrthe~mouth of the River. We have taken, at various times,
fishes for experimentation throughout this 100-mile stretch.

You run intc the varied conditions both in salinity
and presumably in chemical quality of ﬁhe water, because we
assume that the chemical quality is boorer close to the
Delaware Memorial Bridgé, which is near Wilmington and near
the wvast cheﬁical plants.

So, congidering 511 of these factors and the fact
izhat the resﬁlts which you get in taking fish one place aﬁd
another have convinced me that it woﬁld not have been -=-
that it is not necessary to do the fish with the conditions
you find ian the Hudson River.

However, if we were starting from scratch, so
to speak, this was what should be done. These = studies
should be done dock-side, using the xiver water wheré the
fishes occur.

CHAIRMAN JEﬁSCH: When you do take a fish from
one area to another, don't you take a scoop of water and some
fish,.and you have fish in thewater, and you can do theysame

&hing by moving the Hudson River water and the fish to your

Odessa lab just as easily as you could by picking it up in the}

L
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100-mile stretch in the Pelaware Rivef, could you not?

DR. RANEY: You could do it just as easily, sir.

That is the crux of it. Just as Dr. Geyer knows in experimen-

tation, whenever you undertake to move fish considerable
distances, then what you are doing is, ydu are getting
involved fivst with different acclimation temperatures,
differen£ degrees of salinity.

We prefér to run it at the same salinity
énd in the sanme waffﬁr—ﬁn.which we capture them. This doesn‘t
mean you can't do these experinents.

3 lot of people do. Thev go to Florida and
bring back fishes and do experiments on them in the north.
These f£ish experiments are vaiid. These ars different types
of fish.

CHAIRMAN JENSCH: How large are these tanks in
which you had them?

DR. RANEY: The experimental tanks shown in Figure
2 in the Bulletin 7 are six feet long, two feet wide, and
they are divi&ed by a center compartment, so that
aach of the axperimentél compartments is one foot wide.
The depth of the water that we usually use wag from three to
seveniinchesf depending upon the behavioral éhaxacteristics cf
various species which differ somewhat.

For our temperature preference apparvatus, we hava

a tank which is 13 .feet long, which is heated along the




«)

[{-]

3¢

81

82

g3

34

5

pY

17

18

3

ods]

2%

22

23

24

25

s
e

5868
lower side with infrared bulbs. In this Bulietin, these
are both described in detail and pictured.

CHAIRMAN JENSCH: Do you have any control of tem-

perature?

DR. RANEY: Yeg, sir.

CHAIRMAN JENSCH: You do?

DR. RANEY: Yes. We have a very good ﬁemperéture
control.,

CHAIRMAN JENSCH: AVe those on rheastatic
arrangements?

DR. RANEY: ¥Yes.

CHAIRMAN JENSCH: What wasg the range of the
temperature used in the control of your bulbs?

DR. RANEY: We used tenmperatures from 32
degrees to 86 degrees for our preference studies.

CHAIRMAN JENSCH: Did you find ény of those condi-
tiéns present in the Hudson River? |

DR. RANEY: 32 degrees course in the Hudson River.
In my'experience, the higher temperatures were somewhere in
the low 83'5 in the Hudson. |

CHAIRMAN JENSCH: ‘What work have you done on the
Hudson specifically? Is the list as long as yoﬁr arm?

DR. RANEY: My specific work on the Hudson, sir,
was largely in connection with striped bass. These resulted

in a series of published papers tc which I have alluded
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previously.

CHAIRMAN JENSCH: And yvou have a list that
shows 2il of your results of all of your work done on the
Hudson ﬁiver; is that correct°

DR. RANEY: It shows the results of work that I hav,
done. It doms not include the results of some of my 40 Ph.D.'s
that also studied the Hudson and cother rivers along tha
coast, and my thousands of other students chat have alsc
contributed studies both to the Hudson and elsewhere.

\CHATRMAN JENSCH: What, in brief summary,

did you do in the Hudson River? Can you tell us in;albrief
way what vour papers showed? Did you do the same kin& of
thing,_for instance, with striped bass on the Hudson Rivar
in finding dlfferent temperatures to which tnﬁv were sxposed

and that type of thing, and that was the range of thos;
tempexratures?

Maybe we are eventually going to get ¢his book
in evidence if we keep asking enocugh questions. wWhich would
vou prefer, letting us read it or reciting it piecemeal?

MR. SACK: HMr. Macbeth can intrcduce it in evidence
if he wishes. |

MRu'MACBETH: So could the Applicant. I have no
objectlon ito it going in evidence.

1R. SACK: I don’ t think that last question

relztes to the green book. Parhaps Dr. Raney should answer

O

¥
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this last question.

CHAIRMAN JENSCH: Tell us what you Jdid with

‘the striped bass. As I understand, that was the principal

fish you have examined in the Hudson River; is that correct?

DR. RANEX: Well,»I have examined every species
that lives in{the Hudsgn River, and over a'perioé[of 40 years;:
wy major experience‘and publications on.the.Hudson River have
involved the striped bass.

The early aexperiments had to do withﬂﬁh@ther
the striped bass in the Hudson River was different from the
striped bass that occurred in the Cheasepeake Bay. Quite by
acaildent, we ha&_young from both places and by coincidence
we maﬁe counts of them and found that theSe counts were
diffzrent.

To ug this indicated that there probably was a

racial difference. During the spawning time there was

not complete mixing of siriped bass from the Hudson and striped

bass from the Cheasepeale, which is what you would expect.
‘Having found this, we went intc it further

and studied the fishes f£rom as close to the mouth of the Hudson

as we could finéd striped bass, up to Coxacki Beach, which is

close to Albany. We hit all the spots on the river where

striped bass could be obtained. We did find that there was

consistency in the difference; in other words, that thexe was

a géod racial difference in all of Zhe specimens that we took
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in the Hudson River. We did -- in order to make sure, we
repeated it for three or four years. Then at that time I was
agked by the U.S. Fish and Wild Life Service, to undertake
tO coordinate a study on striped bass which would include
all of the states from Massachusetts through Florida.

I did so.

During those years, many of my éraduate students ..
worked on problems that had to do with'&hetstriped bass
and related these to our results which we feound in the Hudson. |
But as_par£ of this stwvdy, Warrem Ratchin, a young biologist,'
by the name of Lou Mille?, made a study of the distribution
cf eggs aml 1arvaé of the striped bass.

I served as overall technicql adviser to this
study. This was published in the New York State Fish and
Gane Journal.

There was a period of vears when we worked on blue

fishes, and we got to the mouth of the Hudson River again.

Later I sexved as consultantlto the‘Raythgon Company &uring'
the period they were studﬁing'fishes near-Indianlpointav~ K
This was ovex basically:a.three—year.perioao,

CHATRMAN JENSCH: There are situations that would
be similar in the Hudson River to those in yourﬁl'
experimental work. Bet‘me ask you this.question:

Firsé, how long does it take to acclimate a fish?

T think you said in your experimental work if fish were

-
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acclimated to a certain temperature, they would prefer some
otlexr temperature. How long is that experimental work?

DR. RANEY: You bring a group of fish in, sir.
And if you keep them at the same temperature, they are
already acclimated.

CHAIRMAN JENSCH: You went out in February and
came in Vith a bunch and how cold‘was the temperature then?

DR. RANEY: If it's 32 and you come in with a
bunch and put them in temperxature 40, 45, 60, 70, you would
have trouble with your fish. ¥You could not experi&ent with
them. |

30 we have our experimental set—up and holding
tanks set. If we go out, we know the ambient température
cutdoors will be 40 and yvcu have your~tank set up inside
at 40. You bring your fish in aﬁd put them in the same
témperature, leave them there for 24 hours to adjust,
and zcclimate, and give them & chance to become basically
adjusted to. the surroundings, and then run the experiments.

If gdu ware to bring fishes in, where you caught
them at 35 and brought them into the lab at 50, you might
have a very, very hard time acclimating them at all. If you
édid, it may take 20 or 30‘days.

The key to all of these experiments is to know
how to get a fish and keep him alive and well and not

violate any of the principles. Don't suddenly increase or
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decrease temperature.
CHAIRMAN JENSCH: .iaﬁ ma take that situvation that
3you have described and relate it to the Hudsdn River.
Supposing it's in the wintertime, sav February,

and the water teaperature of the . Hudson River -- I don’t knocw

‘what it is. Say 40. I don‘t know which way they are going

in the river, but either up or down.

They go by the plﬁme and it goes up to 60 degrees.
Bang. What happens? ﬁ

DR, ﬁANEY: No, sir, it wouldn't do that. it’s
a fine example. Please use what the déltawT is going to
be.

. CHATRMAN JENSCH: X am askiﬁg‘you.

Supposing the general ambient temperature of the
river, if I use the term correctly, is 40 degrees.

DR. RANEY: Yes, sir.

CHAIRMAN JENSCH: And the fish are going either
up or 4down. |

DR. RANEY: Yes, sir.

CHATRMAN JENSCH: And the plume is coming out of th
river. They haven't operated this plant for a week or ten
days ox something., and they suddenly develop a:plt_zme ‘condition
in the river.

The fish»haﬁen't received the word yet, but

whichever way they are going, they hit the plume.

W
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DR. RANEY: They wili go toward ihe plune.
CHAIRMAN JENSCH: What will be the temperatuge
of the plume? - |
-DR. This

RANEY : Dr. Lawler’'s field.

CHAIRMAN JENSCH: Weuld you £ill ws in a figure
for & Febfuary plume, Dx. Lawler, after a plant has not
been operating and suddenly -- the river, you see, has been
kind of a fine home for a,while for two weizks, and suddenly
we got the plume out there. | |

Put a number on.the plﬁmey please?

DR. LAWLER: First of all, in Februaxry the
ambient temperature will provably ke closer to 32 o 33
dagyees than to 40. Then the description of the plume would L
rathex similar to the description I gave in the testimony
in November, which described how the plume started out right
in front of the discharge'and gradually:dissiéated as it
noved away. |

Do you need a more detailed description than that?

CHAIRMAN JENSCH: I am looking for a figure of
the témperature of the plume at any space, the edge, the
middie, the discharge, or sbmei:hing° |

MR. SACK: There is a pfoblém of definition‘of
what you are calling the plume. I think Dr. Lawler could res-
pond in certain isctherms, how far you would see a 4~degree

temperature rise, or how far you would seez different

temperature rises.

L\
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CHAIRMAN JENSCH: However he iikes. However he
egplains would be all right for me. I wouia be anxi&us to
learn a different figure.

DR. LAWLER: The maximum temperature rise that you
would expect to see at surface under those conditions’ﬁéuld be
on the drder of six or seven degrees. The maximun tewmperature
that you would expect to see at any poiat in the jet would
depend on the £low conditicn in the plant aﬁd could vary -- and
also could depend on the power cutput 6f the plant: It could
be, with a full flow condition as hi@h as 13 and 14»&egrees, angd
with a reduced flow conditicn,.again of full flow, ii wounld
_bé as.high as 20 to 21, 22 degrees. I should point-out:thaf
,thdse tempera%u?es would exist in the jet at the same point
wﬁére the velocities in the jet would be as high as ten foot
par seéqnd.

By the time the velocity in the jet had dropped down

to the order of, let's say, five foot per second, the tempera-

ox six,‘séven degzees. |
| CHEAIRMAN JENSCH: Dr. Raney, is it vour thought that
thé striped bass couldn't exist with the velocity of ten foot
~pe¥ second?
| DR. RANEY: Striped bass would have a very difficult
time swimning againSt'the velocity. Aétually, under winte;

conditions it would not even attempt it. Wwhat would happen,
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g t?le striped bass would come and become a part of the plume waﬁer.
2 || He would stay in the water. |
‘ . 3 MR. SACK: Mr. Chaivman, may I ask a few guestions
. o | t?; clarif;{r' this peint? I think something is missing in your
8 discussion with Dr. Lawler.,
@ Dr. Lawler, the temperatures you gave ar@ fuil pm}ex‘,
$ a:re they not? |
ol DR. LAWLER: That is true. I said that.
o ! o MR. SACK: And 'the plant would start out
10 lwith very small temperature rise over a periocd of time before‘
1 .1'_1? ‘Qme up to full power that would produce those tgmperatures,
12 iig that correct? |
m‘ DR. LAWLER: I am not familiar with the number of
' " Em:'z.m‘»t.rte::s or hours that it takes to bring the plant up to full
45 ;power. but ‘I would presume it wouldn't occuxr instantgneomsly,
" % '- MR. SACK: Mr. Chairman, itz might be helpful to have
' o another witness discuss the temperatures that D;', Lawler suggesté.
o CHAIRMAN JENSCH: It would be fine but it wouldn't
| i@ haelp my gquestion. The fish suddenly come up the river and got
: 20 their full power oxr any vrange, I think Dr. Lawler indicated, of
21 13 to 14 'ﬁagrees in one instance and 21 to 22 degrees,
2 MR, SACK: They wouldn't be hit with that
. | o5 ‘instantaneously, is our position. |
2 l‘ CHAIRMAN JENSCH: Yes, but the fish would suddenly
. - come into that. |
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DR. LAWLER: I indicated that in the jet where the
velociiias are ten foot per secoand, you could see temperatures

as high .as 13 degrees under full flow.

'.CHAIRMAN JENSCH: Ard alsc 21 to 22 degrees at full

flow or fuil power?

OR. LAWLER: No, reduced or what is known as throttie
flow which would not normally be the condition under start up.

CRATRMAN JENSCH: I think Dr. Lawler is trying to
help me, and I appkeciate it.

then would the 21 to 22 degiees occur?

DR. LAWZER; The 21 to 22 degrees is thé condition
in ﬁhe effluent channel, aot in the river. That condition
corresponﬁu to full power and reduced flow, flow reduced to

roughly &9 pﬂrcennt of ﬂes:gn ‘conditions.

_CHAIRMAN.JENSCH: How far would water.with that
témpeéatuze get out into the river,‘dé you know?
DR. LAWLER: It would get out like two feet
déf%hereabouts. As sbon as that watser enters'the-river in
a}high~ve10city jet, river water is eatrained or bxougﬁt into

the 1ut and the temperatures begln G arop down. What I

‘xndlca?ed was that as the temperature of the jet == I don’t

'reélly~look at it as rlver water but rather as the jet of
water that is merging from the dlscharge channel. Az those

temperatuxes drop down, the velocities of that Jet drop down

similariy. What I indicated was that by the time your
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vglocity drops te the order of roughly five feet per secord,
your temperatures will be on the order of five or six or -
sg?en degrews. I can be more specific if you need it, but that
is the geﬁaral Order;b

CHATRMAN JENSCH: Aze thoée the measurements or
calculations?

DR. LAWLER: Well, they are calculations and they are|

ﬁehaviox'ef submerged jets. Generallf, you would find it to
be the behavior of a submerged jet.

CHAERMAN JENSCH: Have you made any measurenmnents at
the Indian Point facility based on Indian Point No. 1 operation
so we can confirm those calculations?

DR. LAWLER: ©No. Indian Point No. 1 does not yet
operate in the manner I have described because the out facility
was or¢glnally designed for the operation of all three units
aL Tvalan Point and only receﬁtJy has been constructed in
such a manner that you could operate the unit 1 discharges
to ébtain that kin@ of high velocity jet. At this point in time
you do not get those high velocities.

CHAIRMAN JENSCH: To get back to Dr. Raney, I think

you answered the guestion that the striped bass would have

wasn't clear. He is not trying to swim against it but he

gets caught in the %erl of it and gets pushed out of it. He is
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g ip a temoerature range that is quite different than that to
e which he was accustomed a few days or hours pxior thereto.
2 W¢uld that affect his activity or have any harmfﬁl cffect?

DR. RANEY: It will have an =ffect on his activity.

2n

3 || In order to investigate this, we did a series of experiments
8 in the winter under conditionsz which you'descrihed.. In order
7 ht@ £ind out whzt the effects wouid'be on striped bhass, if we
9 15 sﬁ&dfenly ine.::::eagéd’ the temperaﬁure to ten, fifﬁeen, twenty

9 | degrees, and then suddenly decreassed it, and we folnd out

gn i that a sudden increase or decrease in wintexr of as much as 20

a1 kdegrees has an effect on the fish in the sense that they may
99 ! temporarily lose their equilibrium. As Dr. Lawler has explained;

with this jet system, except for a minute avea, a matter of

ez o

§3 §
| _
' 36 !a few square feet, we are not going, even under the worst
g5 llconditions in winter, we are not going to have a temperature

46 %diﬁfefantial cf more than ten degrees at most in'plume.
ﬁ .

97 Qur experimente indicate ~- and incidentally, these

sy || AYE inciuded in Bulletin 7, sir. We do not expect mmxtalities

" even for a sudden increase or a sudden decrease ﬁnder the system

20 which has been designed at Indian Point for Indian Point 1 and
end 10 2.

21




=]
e
=
1
[
wh

i

3

2

¥7

33

i9

20

’!

|

I
g

5880

CHAIRMAN JENSCH: I understand vour statement. I am

trying to find out what experimental indications you have from

the Hudson River, pot the tank down in Delaware; but something
ogccurring as ifp or you can tell it as it is, I take it yéu
don'£ have any actual experimental catches of fish under Indian
Point No. 1 operatioﬁs that would éive you any data, is that
correct?
| DR. RA?EY: Well, vou can't expériment in the
field. You can collect fish in the field and.you‘ban observe
them and note whether thev seem to be in good condition or
poor,cénditioph What webnote around heated plumes in the
eastern United States including the Hudson River, is that you.
get concentrations cf fishes in ﬁeated plumes. Some of these
are sickly.

The winter is the time when most organisms die.
You find perfectly healthy ones. VYou find some of them there
that are.lethargic. They may swim fast, but they don't.
So that -- as far as experiments are concerned, vou can't
experiment oﬁt there.

CHAIRMAN JENSCH: But you can collect data bearing
upon your knowledge about the situation, can you not?

DR. RANEY: Yes. As I menticned previogsly, our .
data obtained over a iong ﬁeriod of yvears indicate that the
results in nature are basically similar to the results that

we found and reported in Bulletin 7.
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L]
MIL-2 : ~ CHAIRMAN JENSCH: Are you familiar with the impinge-

5

ment problem cut there in Indian Point?

[72]

DR. RANEY: In a general way, yes, sir,

4 CHAIRMAN JENSCH: Are you able to say whether you

8 looked at the fish which were impinged on the scieens and if

& they were affected at all by the plume activities prior to the
7 impinging? |

& I . DR. RANEY: T could not answer that, I know that
& the fiéhes which are impinged are iﬁ various condifions, Scome

10 || of them are dead before they become impinged. Others are sick.

< smropeas:
=

2% Still others ave swimming out in front of the screens in good
2 u cendition, Ultimately they get tired and come up against the
82 ﬁ sureens and die.

i3 _ CHAZRMAN JENSCH: They can’t fight the intake flow,
% | is that correct?

16 DR, RENEY 2 It isn't just a matter of fighting

87 the intake flow, Certainly the stéipad bass and the white

88 || pexrch can swim fast enough to do this. Even in winter it is a
19 | matter of behaviorial situations. It is a matter of design of
20 || the wheole screen system.

23 CHAIRMAN JENSCH: Have you reported -

22 it into vour results and analyses, the fish taken from the

22 impingement provess to determine whether there have been any
24 changes in the temperatures that would affect their activity

a5 and lead to the impingement?

et
praeiubsy
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DR, RANEY: I'm sorry, sir., I don't understand
the question.
CHAIRMAN JENSCH: Let me ask you in ﬁwo parts,
T thought you had answered the first. I was using the premise,
Have you made any analyses of the fish and their
conditions, thogs fish which were impinged on the screens to
determiné whethe:» heat changes had any effect on their uitim&te
fate?
DR, RANEY: Yes, I can answer that question,
What we, Consolidated Edison‘s.biologists did,_was to take fishes
rhat had been impinded on the screen and send them arcund to
various épecialists on fish diseases, parasites, to get autopsy

reports. However, thexs is nothing really basically

bacterial disease, or by some type of a shock or by what you
might refer to as a temperature condition., We got vavious
reports back on these fishes that nobedy would give an estimate
as to what actually cuased the death.

CHAIRMAN JENSCH: Are you sayihg; then, that if a
fish had beén affected by a sharp temperature change and later
became impingad, you éouldn*t tell whether the fish had dieg
from some problem with a disease or a parasite? It would
mzke no difference when you ran the énalysis, is that ecorrect?

DR, RANEY: I couldn't tell, right.

CHAIRMAN JENSCH: So, in other words, you can't say
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whether the heat change aspect has any effect on the
impingement or the nuﬁber of fishes, is that correct?

pR, PRANEY: only in reference to what haﬁpens in
numerous ofher places where screens have been designed in a
different way, proper escape areas. LIn those places, we do not
get large f£ish kills. |

MR, SACK: Excuse me, My, Chairman, Can you
explain the premise of your guestion? Are you premising fish
kiil by thermal shock of some kind?

CHAIRMAN JENSCH: Some thermal changes. I under-
stood the gentleman tc say where you can't telil a difference
in analysis of a fish that has been subject to impingement,
as to whether some parasite caused its death or disease or ther:

mal shock.

MR. SACK: There is no testimony or cross-examination

that the thermal rises you will see at Indian Point

will reach any lethal.proportionsm That is not part of thé

Intervenors' conféntidns. The ccntentions{ we stated, did not

include any aeath by thermal rise. |
CHAIRMAN JENSCH: I don't know just what the Inter-

venors are contending. I am trying to find out ~-- as I B

understoocd, Dr. Raney said sometimes even a thermal change

will leadvthe fish to & ldss of equilibrium, So whether they h

reached a lethal stage or not is kind of a separate

consideration, as I understood it.
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MR, S3ACK: Those are temperatures not seen at Indian
Point. Perhaps we can clarif? that with some guestions, if
there is any doubt,

CHAIRMAN JENSCH: I don't know that there has been
an analysis at Indian Poinﬁ? Tha fish caﬂ’t-tell'thé
difference, when they are dead, if it is eaﬁsed b? a parasitic
disease ox some_other dissase or thermal.shock, I don‘t know
if the fish had a lethal result because of the impingement.

We don‘t expect it, but we don't have any proof, either way.

MR, SACK: Our position is that we have an analysis
of thé ?emperatures which will cause thermal shock or will cause
death in fish, 'Thbse temperatures would not be seeﬁ at
Indian Point undexr any cﬁnditions, That is the position I am
makiné. There are fish impinged. We have agreed with that,
Eut there is no evidence and no confention so far that that
impingement is related to thermal shock.

CHAIRMAN JENSCH: It may be that this hill develop,

even though the evidence isn‘t yet in the record. That is
g

what Ibam asking Dr. Raney, that you may not have preseﬁted :
this, but it may be a part of it. I don't know. That is to seé
if the thermal change would lead to & condition to determine
the fishes' fate. I am asking him, outside cf.his tank work,
whether he hasAmade any measurements of fish at Indian Point.

I understand the fishes taken from the impingement, they can't

analyze to tellwhether thermal shock had a part in it, is that
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correct?

ﬁR« RANEY: = That's correct. We can“tégggi-by the
exéminatian of the fish; whese fishes are taken under
conditions where there is absolutely no evidence where there
would be thermal shock, At Indian Point 1, the Delta T is. such
that it is inconceivable thatvou would have death dus to thermad
conditions. h
CHAIRMAN JENSCH: Wodld you have a combination of
thermél change plus the chemical content of |
the river affecting the eguilibrium or the flow characteristiés
of the fish that would lead to impingeuent problems? Do you
know?

DR, RANEY: I doﬁ”t krow of any chenical condition
which, working toqether}with a temperature rise, ﬁhat-woulé
have caused this. This is not my field. T am not familiar
with it.

CHAIRMﬁN.JENSCH: You haven®t analyzed any of the
fish with autopsies or what~hot?

DR. RANEY: I have not personally. 'We have gent
them around to various groups of specialists who do these
things.

CHAIRMAN JENSCH: And from your underétandigg of
their reports, have theie been any -~ if I use the term

correctly, synergistic effects beween the heat and the

chemical composition of the river that would resist impingement?
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DR. RAN

td

¥: The only reports they gave were that
these fishes showed evidence of certain bacteria, certain
parasites., Bult they were unable %o attribute their deaths
tc any of these,

CHAIRMAN JENSCH: They didn’t know?

DR. RANEY: They could not determine on the
basis of their examination of the specimens that were sent
to them,

MR, BRIGGS: Dr. Raney, when you indicated fish
would be attracted to thé plume, I have visions of a very large
number of fish in the Nudson River, and they 31l couldn't get
into the plume, What is the variation in fish density that one
might expect in a vegion like this?

DR, RANEY: It depends'on the seascn of the year,
what spécies are available and what species have a chance to
get into it by reason of a gradient leading from the plume
to wherever they might happen to be, where they are migrating
past. The basic evidence is at Indian Point, thét it is an
over wintering grounds for white perch. There are great
aumbers that have been present. There are maﬁy nore present
in the preheated plume than there are in the wvicinity of
the'intakes,

The white perch in the river are stunted and also

.stunted in the Delaware River, most of them in Chesapeake Bay,

as compared with Maine lakes, for example.




mil~8 § The wintertime is the time_that I said before when a

lot of fish, which are accumulated against screens or cther

(3

3 || objects, weaken and die. Populationwise, this might be

‘ A beneficial.

MR. BRIGGS: As far as the striped bass are

concerned, there are not many cf them there in the wintertime?

8
i
7 | DR, RANEY: The evidence from the counts on the
@ screen indicated they are a very small percentage, and by
® i weight, they are a very minute amount,.
0 | MR, BRIGGS: Where iz it‘that they wintex?
b g DR, RANEY: Normally thay‘winter in the deeper
:
32 ﬂ water, in the channel, sir,
' 13 E MR. BRIGGS: 1In the Hudson River, but in the deeper
4 water?
95 ? DR. RANEY: Yes. Haverstréw area is one major win-
16 ; teriﬁq area, and the deeper ared®s for larger fish, Normally

Vi when the  temperatures drop much below 45, I don’'t think striped

18 bass move out into deeper vater.

MR. BRIGGS: How much does the population tend

i9
90 || to vary from year to year? By what fraction?
2{ DR. RANEY; Well, in striped bass, it may vary

22 tremendously. ‘Now, or over a period of the last four or five
. 23 years, we might have as many striped bass as ever existed in the
Atlantic Coast, But some of us can remember back to 1933,

‘ 2::‘ '34, °35, when there were hardly any striped bass in the
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Chesapeake Bay area. Yet, from a very small dull population
in 1934, there was a large year class for this, We didn't
realize that they had been producing and_they gét to be ﬁwo
years old. At that time in 1936 they started to migraté up
along the coast, and there was a sotrce of a big fishery,
There also was a source of a fisherxry in 1937. Actually it was
only a fgw years ago that some of the 25~year-old striped .
bass from the 1934 year class that was finally gone, tremendousi
large £fish.

Sihce that time, we have had good §e&r classes of
striped bass in Chesapeake Bay. '42, '43 was a good year
class.‘ Why is this? Why, under conditions nbw where there
is obviecusly more domestic polluticns in rivers, are there more
striped bass.than there were back in 1233 ana '34 when things
were, quote, cleaner, gquote?

| The striped bass largely is preadapted to utilizing
the nutrients that become available in polluted situatiens,
it stays up. It stays moéerately close to the bottom, but it
stays off thé bottom. The egg is semi-immersible. It doesn’t
sink to the bottom if there is some curvent. If tends to
stay near the bottoni°

So that when the larvae hatch, they.are ingood;
very good shape to take advantage of the smail organisms which L

flourished because of pollution,

CHAIRMAN JENSCH: Is it your premise that Chesapeake

¥

ave
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Bay is better now than it was inl933?

DR, RANEY: I think it is worse now, But you see,
what you would have to do is, we would have to go to a place
where the striped bass spawn and where the larvae occur.
This is basically ncot inthe bay, but in the rivers leading
to the bay. I think there is little doubt that the Potomac
River is more polluted now than it was in 1933,

CHAIRMAN JENSCH: You don't have any striped bass
there anyway, o you?

DR. RANEY: Yes, sir. Yes, indeed, fou do,

CHAIRMAN JENSCH: I withdraw. the statement.

DR. RANEY: The lower Susguehanna, you are at the

end of a long sewer. It is one of the longest sewers in the

eastern United States., It is full of small striped Lass.
T+ was last week and has been every year for the last 10 years.
DR. GEYER: Did you say that the species -- not the
species, but the races of bass yeturn to the_sahe place to
spawn, just as salmon do? |
| | DR. RANEY: There are some evidence from tagging
that this is true, Dr. Geyer. If they didn“t actually »et do
this, I don't think we would find these differences and
dharacters just as we find in salmon,
Dﬁ. GEYER: In your experiments down on thé-

Delaware, is the use of river water in these tanks --

DR. RANEY: We use creek water at high tide, which
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is basically river water,

DR. GEYER: What do you do, store that?
DR. RANEY: Yes, sir,
DR. GEYER: Dc you tresat it in any way?
DR. RANEY: No, we do not treat it, WWe start
on the roof of the trailer so we can draw it off and adjust

the temperature.

DR. GEYER: And vou recirculate it, then, for a

DR. RANEY: Yes, sir. But we take our water only
to the tank at high tide. So we assume that this is basically
like river water.

DR. CEYER: How do vou heat the water?

DR. RANEY: With regular aguarium heaters,

DR. GEYER: You have a heater right in the tank?

DR. RANEY: Well, or below the tank. In our long
preference tank, weAhave infra red bulbs undexrneath.

We have a metal bottom to the tank,

DR. GEYER: Do you think the attraction of fish to
the warm piume brings them into an area where there is apt
+o be greater chance of them being caught'in the intake or
showing up on ths screen?

DR. RANEY: If there is recirculation, there is
this possibility. IE they are attracted to the long plume

jion at the intake, the trick here is

and if there is recirculat

st
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mil-12 to design your plume and intake so there is no recirculation.
. & DR. GEYER: Is it going to be done here?
\ 8 DR, RANEY: ‘I am not in a position to say.
‘ & I know or I have been informed that one of the .rea.sons for

2 extendiné the canal to the soutﬁ was to decrease recirculation
& to the intakes.

TR DR. GEYER: ‘Thank you.

& CHAIRMAN JENSCH: - Did you desi:é & recess beforé

2 you considered redirect, Applicant's counsel?

e
~ el iy

i MR. SACK: Yes, Mr. Chairman.
Pk CHAIRMAN JENSCH: Did vyou have any question before

12 they considered the amocunt of redireci?

| 23 ' MR. MACBETH: I had jﬁst a few that camé out. of
‘ 14 }| the "-Board 's guestions.
B l _ o ' lCHA;RMAN JENSCI 2 Proceed..
it o . MR.VﬁACBETH: Jﬁst éé‘a'general matter, I would like
57 ; to say that some of the areas thét the Board ﬁas raised,

H:) 'bbth’the.Applicant and Intervencrs have treated differently,
s I such as the density cof the fish. You said a number of

20 || these issues will beAdgéfE%#aith as later c¢ross-examination

2% and stipulaﬁicn.' I don't want to give the impression, that som¢
22 of the areas the Board recognizes are important, haven't
. 23 been touched on now., It isn‘t that we don‘t intend to touch

24 | on them at all. It is rather that we have been trying to

. 28 keep it to a certain specified area right now.
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mil-13 ° I would like to clarify, as beét I éould, the

2 relation of the fish during the winter, especially white peyxch
3 and striped bass te & heatéd plume. The gradieht would cover
& considerable areas of the river., Would you find fish attracted
8 to different places along the gradient?
& DR. RANEY: Yes.
7 MR, MACBﬁTH: So there would be a heavier
8 population'ofﬂfigitacross the attracted gradient fyrom low tem-
9 peratures:%O-WAéﬁgée:;tEe ﬁ;§h<attracﬁive tempera; re ig?
0 -,DR;aﬁAﬁEﬁé;igéé} éhey éaﬁid be'goiﬁg £6 whatever
B9 their preferfgd temperature was at thattime,
i2 'MR;fMACBETH:; Is there a neutral zone for the fish,
83 §i a neuxral tehﬁééé%aré?i;féﬁ,described a situation in which the
84 % white perch 6#.%i1 the.%i#ﬁ, 1 think, were attracted up to a
35 certain poinéé}éﬁditheggéighﬁeid by higher temperatures. Is

P

=
&
o s o

that an instantaneous chinge from attraction to repulsion, or

v

"7 | is there somé neutral range in there?
18 : <DR..RANEY£ WelljJin our experimental apparatus,

18 it comes ve?yléiéarly; ;%t.ié basically a dagree orx &egree énd
20 a half differéﬁcé. ?It ié aétually pretty hard to méasure a

21 || degree of gégﬁénhéiﬁ}' We find it comes right up to about a

22 five deqreé-cgéégé ;ﬁa mill around without any repellants,

23 ‘Yoa §é%féix é;érees and sevenAdegrees, and they

24 || will move out.

25 ' MR, ﬁACBETH: This may just be adding onto something




mil-14 & Mr. Jensch was talking about earlier.
‘ .2 flave you done direct studies of the plume at Indian

3 Point measuring densgity of fish at various parts of the plume

‘ é and outside the plume?
5 : DR. RANEY: I have not, not personally.

8 MR. MACBETH: Anyone under your direction or

control?

DR. FANEY: MNo, sir,

MR, MACBETH: You éescribed.the situation in the
Connecticut River where striped bass have matured outside of
this naturél 5reéding ground and plume by the

Yankee plant. Would it be fair to characterize that as

B =3 =h
B = B B ® N
e T o e e

‘ 38 interference with the migratory patteins of those striped

Y] bass to and from their spawning grounds?

It R TR LE AT AT
A o —— L - a3

15 ‘ DR, RANEY: I wouldn't characterize it as such,
1% # I would say it was a very happy event that happened that gave
87 pleasure to a great many people. I am one cf those pecple

P
%3 that think that striped bass are for pecple rather than

9% for striped baés.

20 MR. MACBETH: lBut i+ wasn't moving to and from

21 its natural sparning grounds?

22 DR. RANEY: The reason that it concentrated in the
. 23 h‘eat.ed plume wasi becaﬁse the heated plume was there. That

24 was not the reason that it came into t+he Connecticut River.

g5 | Normally those werxe what I would assume to be Chesapeake Bay
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striped bass on their way out. For some reason they came
into the Connecticut Riverol

Two winters ago there was a fishery there and never
did they have that kind of fishery on the river before,

You could say this is kind of too bad.

one of the things that we need mogtly are concentxrat
ing mechanisms sO people can utilize these reséurces that
we have, Why not?

MR. MACBETH: I didn't want to suggest that having
fish in the Connecticut was 2 bad thihq. I was just looking
at the point that the natural spawning ground Or natural migra-
tion paﬁtern would have been sorewhere else,

DR. RANEY: They W¢re in a pattern to go into the
Connecticut in the first place. Once in there, they were
attracted to the piume and they were utilized.

MR, MACBETH:. T won't press it. Those are the
additional questions 1 hava.

CHAIRMAN JENSCH: Does the Staff have any inquiry?

MR. KARMAN: No, Mr. Chairman. |

CHAIRMAN JENSCH: AL this time, let us receés, to
reconvene in this room at 6:45,

MR. SACK: I note the hour is late. Perhaps you
might consider resuming this tomorrow mofning“

CHAIRMAN JENSCH: We might consider going on now

unless you have some reason to resume in the morning. We pian
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to accommodate the parties. We are trying tc expedite the
proceeding with the leést amount of delay to the parties to
éccommodate their interests,

MR, SACK: I am not sure wé would finish et a
reasonable hour this evening. That is my suggesting for going
over tOmMoOrrow,

CHATRMAN JENSCH: On that subject, what do the
parties.envisﬁon for tomorrow? |

MR, SACK: For TORMOrrow, if we have'redirect of Dr.
Raney, we still have some questions for Dr. iawler on the twb
contentlons that Mr, Macbeth has etated T would then hope to
be able to meet with Mr, Macb@th and define h;s conteﬂﬁians
on the other 1sbucs scheduled for this hearing, which I identi-
fied earlier. Those are the chemical discharges and the
entrainment of organisms other V-han fish and disseclved cxygel.

Tf we can identify contentions on those issues,

we would then proceed to cross-examination on those.

MR, MACBETH: I don't think we are going tc have
too much trouble identifying the contentions. There seem
+o be certain linguistic problems between the Intervenors and

the Bppiicant. I imagine we could settle them neatly. We have

_peen able to and I +hink we can do it on the rest if I

explain a little more depth to Applicant's counsel vhat I mean

sach time they do seem toO get it, I am not worried about it.

MR. SACK: It is not a question of getting it. It
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S mil-17 1 | is a question of getting contentions from Mr. Macbeth., We ave

very satisfied ifl he seeks or if he raises a specific

ol

3 contention and we know what we are talking about.

MR, MACBETH: I want to preserve the position

&3

g {| that I think the previous contentions are reasonably gpecific.

e

I would also sit down with the Applicant and talk about what

()

vi I mean and the.Applicant agrees tO. I.don't want to go along

2 with this debate. T don't feel I ought to or I am conceding

9 the point that these contentions wexen't sufficiently specific.
1 think that the cross~examination tomorrow, I

believe, cught to be able to cover mest of ﬁhe outstanding

22 g items. We have Dr. Lawler om thermal diécharge problems,

' 93 Dr. Lauver on chlorine discharge, and rhe effect on gammarus
14 % and neémysis, and just a couple of gquestions on the issues of
18 | dissolved oxygen and copper monitoring.,
i
9% We ought to be able to get through that in the
97 course of the day.
. CHATRMAN JENSCH: We ought to conclude LOoMmOrYow
38 night on the issués you are presently proposing at this tiwe,
20 is that correct?

MR. MACBETH: That is my estimate. Of course,

it could take longer,

o

93 CHATRMAN JENSCH: Is that the Applicant's

24 anticipation of the agenda?

MR. SACK: Yes, sir.

b dhiodbeie iy e

et
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CHAIRMAN JENSCH: Very well, Sometimes we have
found that the anticipations abouttime schedules aren't
always realized. The Board is anxiocus to accommodate the
parties in any wéy we can. I might add that if we can get out
of hexe;tomorrow night, we can get back on that motion a little
faster., So we are trying to suggest to the parties that we take
a recess of 18 minutes.and see what you can do with redirect,

Maybe we can conclude Dr., Raney tonight. Thatwill shorten the

day tomorrow. Does that seem a feasible procedure?

- MR, SACK: Maybe ~we can go to apother subject now if

you wish to continue the hearing at this time to get Dr.

Lawler's testimony in.

CHAIRMAN JENSCH: Will we take a pledge tonight g

that if we let Dr. Raney go tonight, that we will finish by
5:00 o?clock tomorrow night with no lunch, starting at 8:30C

or thereabouts?
MR, TROSTEN: One thing we could do, Mr, Chairman,

is to commence the cross-examination of Dr. Lawley. It seenms

to me, to Applicant's counsel, that it would be desirable, beic

we just go into redirect, to bave an cpportunity to look at

the transcript and tc have that additiomal chance o scrutinizé

this before we ¢C immediately into redirect tOmOXYoOW. We would

like to conclude Dr. Raney's presentation, certainly, at this

session. It would seem to be preferable to have an

opportuhity to take a little more time on that rather than

re

y
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siﬁply going immediately to redirect., We certainly agree
withy the Boaré that we want to expedite the proéeeding, and
we are perfectly happy to remain here this evening and go on
to anwther subject if the Board wants t©o do that. That is
entirely satisfactory to us.

CHAIEMAN JENSCH: Is the Hudson River Fishmens
Associatlon able to”go ahead with Dr. Lawier, sir?

MR, MACBETH: 1 think we can get started. I would
haie to promise to finish Dr. Lawler, It depends’on the
épéed at which the Applicant is willing to pass the buck to
go on workihg;

CHAIRMAN JENSCH: He is iupressed with your
capability and wants to give you an opportunity, I take it, to
further that recognition. Could we take a few minutes' recess
before you proceed? |

MR. MACBETH: Yes.

CHAIRMAN JENSCH: At this time, let us recess, to
reconvene in this room at 6:45,

(Recess .}
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CHATIRMAN JENSCH: Please come tc order.
2 b
. . Before we resuns - or undertake with Dr. Lawler,
3 ” {
7 wonder if I could ask Dr. Ramney a question. I think I may i
4 v
. i have misunélerstood his answer.
5 | .
You indicated, Dr. Raney, that the peollution was worse
& .. . .
in the Potomac and some of these areas feeding the Chesapeake
A ,
Bay then it was a few years ago when we had great increase of
3 R :
‘striped bass, is that correct?
o - ; A
i ' DR. RANEY: I said that since 1234, in the majox
14 : , . , .
: g3’::&”»/‘-3:1'5 of the castern United States, domestic peollution is
ﬁ .
ek .
i worse.
52 - — . 5 "’
o CHAIPMAN JENSCH: I think, as z layman, perhaps I
i3 . . - o s ks . R .
' u‘ | misinterpreted the definition of polliution to which you referredi
8 5 " . . e .
E" I kind of have pictures of sulfuric acid, chemicals, together
with sewerage and everything else, and ail the synergistic
w i ‘ o y e -
kTeffects there. Pollution can likewise be very life giving
Y |l activity, can it not, like the nutrients on which the striped
18 |y .q -
ass may feed?
i
| 13 DR. RANEY: Yes, sir, and as long as there is
| « o
| 20 oxygen available, they can stand the conditions.
21 CHAIRMAN JENSCH: So there isn't as a'deplarable
‘ 2z ‘condition as I eavisioned for the Potomac River as far as the
23 'stx:‘ifsed pass are concerned and there may be nutxient conditions
%4 I that may explain the number above, is that correct?
25 DR. RBNEY: I can't say off~hand that the striped
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the heated plume in relation to the intakes at Indian Point l

nssaae
P

Potomac estuary.
CHAIRMAN JENSCH: Bui vou don't know Pf

an increase or not?

DR. RANEY: I have to depend upon my coileaguen’

| | Y

for this. 7They say that they have. I can't say persdn&lﬁ%
. o "t‘x

that they have. I 4o know that there are large p@pulaticné; -
_ . LNy
- CHAIRMAN JENSCH: That iz good enough. Thark ymuv /“

- Ve
very much. Does anybody have any questions? therw1se, plea%e

#

proceed with Dr. Lawlex.

| | CROSS -~HXAMINATION | 5
MR. MACBETH: Yes, Mr. Chairman. 5
1

I would like to take up what I call the pvoFlle\of*'

-y

and Indian Point 2. What I am thinking of when I say profi?esw

e | b
is, if you take a cross—-section directly in front of the ingak

to ‘Indian Poimt 1 or 2, what dlfferhnces of temparature do mau'gﬁW

£find on your various opbratlng conditions of the plant’ I . 5,

would like to start with some of the past history of Indian

Point 1 at the time when the intake was 320 feet, or the'&isf

charge was 320 feet downstream from the intake and take a wi
condition when the river temperaturz would be 32 degrees anq”_
assume the plant has been operating for some time at full pQwarﬂfyg;f

and full flow. There is a point in the tidal cycle where it is Tf‘l
' ; RENEEON iy

changing from flood to ebb. What profile, what arrangement
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the temperature at the intake was virtually the ambient conditio;

necessarily in front of it but in the intake channel, by

-ambient conditions in the river.

of temperature isotherms do you have in the area directly from
the intake at Indian Polnt 172

DR. LAWLER: You are referring now to the organiza-

tional configuration of the unit 1 intake as well as the unit 1 | |

discharge?
| MR, MACBETH: That is right.

DR. LAWLER: This is the configuration that existed
in the early °60s. I have not been éble to £ind data on that
cbnfiguration. I read in various reports that in ;he
aarly‘“soﬁ there was circulation under that configuration of a
320 foot differential, distance differential between the intake
and the discharge during flood tide that did reach as high as
six degrees. As I say, I have not been able to find aétual
operating data to confirm that.

I also have the impression thaf@dgrihg ebb tide

MR. MACBETH: UPefine what you mean by recirculation?
DR. LAWLER: My definition of recirculation would be .
A

the temperature rise that one sees in the intake itself, not

comparisen to the ambient temperature in the rivér,vthat is.

In other words, it would be the rise that the intake sees over

MR. MACBETH: Does that mean that that recirculation
rise could be made up of water that was drawn from temperature

areas both higher and lower than the recirculation figure?

=~
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DR._LRW&ER: Sure, I suppose so. It depends on the
conditions. If you tagged all the water pa:ticles that make
up the water recirculated through the system, you would

probably find some of those water particles came from an area of

ambient water and some came from an area of heated discharge.

MR. MACBETH: When you say you have these rxeports
on reciryrculation, ﬁé you algo mean that you do not have any
reports or calculations of what I call profile where you would
see in frontjcf the intake itself?

DR. LAWLER: I am referring now to thé grganizational
configuratiog. The answer is no. I an not saying it can't
be done“‘ I am just saying I don’t have them.

MR, MACBETH: ILet'’s take the situation in whi.ch
the -~ I will phrase it differently. It is fair to say, then,
that you don't know the answer o thg question? Let's leave
it at that.

DR. LAWLER: HNo. I sald that I have sgen reporis
that indicated ﬁhat the temperature did, on occasion, reach up
to six degrees. I have also seen operétors.reports that show

no temperature rise but I haven't seen sufficient carefully

measured -~ careful measurements under the conditicn you Jdescrili

to conclude what the recirculation was at that time.

MR. MACBETH: Or profiles as well as the recireula-

tion?

DR. LAWLER: Yes. You are talking about the

¢
3

I

ot
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i temperature in froat of the intake. That is what I am referring i

|
5
z
|
|

©o.

I ‘ MR. MACBETH: Is it your opinion that those are
% .

& @p

accurate reports as far as yéu_know, that they don’t reflect the
B i recirculation temperature or are you essentially just reporting
& $Omething that you have seen?

7 DR. LAWLER: I don't have any reason to presume that
8 thé report of measuvements are incorrect. It could have

9 || nappen=d. |

10 || : MR. MACBETH: Did you see any reason foi them being
71 viué?cuxate? |

32 . DR. LAWLER: I could see that that could have

33 happenéd mder that particular configuration. ' _ K ’§
14 MR. MACBETH: I am not quite sure yocu are’ dlrectlv
5 ‘én5wering my questioh‘ Dd you have reason to prasume that they |
26 a@é correct measurements?

97 : DR. LAWLER: Well, I think I have anéwezed it as
18 best T can. I have no reason to presjume that they aren;tn Se I

% presume that means that I presume that they are.

“0': | ¥R. MACBETH: You could take a perfectly neutral

21 .positibn and sav that is something you have read and have nq

22 'fufth;r opinion about it. I take it you have & 1ittle stronger
23 opinisn about it and presume that they are accurate»reports and

24 conditions.

25 : DR. LAWLER: Don't know what your definition of a

AT SO
T e e
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little stronger is. I .am saying that I have no feason to guarre
with the zépozts that I have read on that particular item.

MR, MACBETH: Take the Situation in which.the dig~
charge was moved downstream 540 feet from the Indian Point 1
intake. Agai#; rake the situation where the river ambient
ﬁemperature is 32 degrees and Indian Point 1 is operating at
full flow. Take the point at which the tide is turning fxom flo
tc ebb.

Do you know what the profile of heat distribution

DR. LAWLER: Well, in that condition we have looked
at some of the operators® reports. These show that at tampera-
tures generally in the vicinity of 33 degrees, a temperature ris
during flood about a haif a degree. During ebb again, you don’t

see a temperature rise.

hd

W
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! MR. MACBETH: Again, these figures are direct
‘ 2 results of measurements, is that correct?
3 DR. LAWLER: These are direct field measurements of
. 4 the intake temperatures.
5 MR. MACBETH: At 35 to 40 degrees, would you see a&
@ ! equivalent rise?
7 DR. LAWLER: I haven'’t seen primarily because I
& haven"t gone through all the operators® rxeports, a particular
@ ccndi%ion of 37 degrees or 38 degrees oxr 35 dégré@s, but I
0 i would presume it's of the same order.
ik MR, MACBETH: And you have done no calcuiations
92 I which wculd.allow.you, on & calculated basis, tn.describ&
' 3 . the iecircxtlation or the héated situation?
4 h DR. LAWLER: I have done somg fairly rough
18 caiculations that would lead me to agreé with those numbers.
i "MR. MACBETH: How long a pericd of £lood would a
17 temperature rise under a ﬁénth of a degree?
8 . DR. LAWLER: How long during a period of £locod
® would the tempeiature rise more than a tenth of a'degxge
20 || be present? |
21 ' MR, MACBETH: Yes.
2z ~ DR. LAWLER: Probably during most of the period
‘ 22 || of the flood.
24 | 'tmh, MAéﬁETH:' If you took the situatién in which
‘ 28 Indian Point was operating and later there was a éhange
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from.flood to ebb, what temperature rise wculd you -~-
DR. LAWLER: Are you still veferring to the
configurations thatyou just referred to?
MR. MACBETH: Yes. -

DR. LAWLER: I am not aware of any reduced flow

situation undexr those conditions. I don't think that the plant

flow is ever reduced at that point.
MR. MACBETH: If it was, you know of no reporis?
‘DR. LAWLER: I kncw of no numbers right off-hand.
MR. MACBETH: Have you done any calculations?
DR. LAWLER: No.

MR. SACK: Mr. Chairman, we might state, if it

clears things up, the plant was not operated under reduced flow

in that Configuratign,

MR.  MACBETH: I will take counsel's word for it.

Let'é move on to the situation where the dis-
charge channel is 960 feet downstream. Again,'téke the river
ambiént at 32 degrees, Indian Point 1 operating at full flow,
and the point at which the tide turns from flooding to ebb.

Do you know'of any reports or have you done any
calculations which would indicate what the heat profile from
the ihtéke would be?

DR. LAWLER: This is the case we —- you just
said someihing about -~ are you referring to thé §60 foot case

whare the water discharged to the south before the ports
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were built?

MR. SACK: 950 feet did not have ports on
them. 1If you are interested in ports, that is something else.
MR. MACBETH: 'Ididn“t inject the ports, I think.
DR. LAWLER: I thought I heamd you say something
about ports.

MR. MACBETH: If I did, it was a slip of the

tongue.

MR. SACK: %The 960 feet configuration was étraight‘

out.. That is surface discharge.

DR. LAWLER: In that case, there were measurements
made on the automatic monitoring system. We find thatunder the
condition of -~ Do I have a condition of full flow?

I am not sure that we will be able to find a
condition of full flow for these temperatures under that
condition. To . the best of my knowledge, ﬁhe plant was operatéd
under a throttle condition at these very low temperatures.

If not all the time, most of the time.

We have seen them un&er all throttle conditions.

In that case we saw st ambient condition of 33
degrees, and full power, a .9.of a rise in the intake over
thé flooding period.

MR. MACBETH: When you say over the flooding
period, that is averaging through flocd time?

DR. LAWLER: Yes, that's correct.

J

d
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MR, MACBETH: Aand that figure would be a little
higher if it were to turn from flood to ebb and lower removed
tovard the slack tide?

DR. LAWLE&: Well, it would be a little higher at
some point during the flood period. It would be a little
loweﬁ during other points during the  f1cod geriod» I won't
characterize it as a turn.

MR. MACBETH: Have you made,aﬁy measurements or
calculations for any other ambient temperatures getWeen 32
and 40?2

DR. LAWLER: Another at an ambient temperatuxe

0f 34-1/2 degrees. and under a condition of, again, throttle

flow and approximately half-flow.

MR. MACBETH: Half flow?

DR. LAWLER: Half power, yes. The temperature
rise over the flooding period was a half a degree.

MR. MACBETH: Are there any other measurements?

DR. LAWLER: I don't have any other measurements.

MR. MACBETH: ARe there any other measurements?

DR. LAWLER: I doth have any at the moment.
Thege aren’t individual single measurements. These are a
series of'measurements on successive days at each of those
ambient temperétures.

MR. MACBETH: Do vou know how many days are

included in each series?

- k]
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DR. LAWLEﬁ:. Usually four days.r

MR, MACBETH:. bo you krow or can you have
it calrulated, from the datd that vou have, what power level
one would have to operate at 32 dearees in order to have a

tenth of a degree rise in the intake over the flood period?

5

MR. SACK: Jus t a minute. It's not clear what
configuration you are talking about?

MR, MACBETH: I am still at thé 960.

ADR, LAWLER: I'm not sure vou can correlate plant
flow to river circulation temperature to any degree of precisid
of the low temperature rises we are talking about here.

MR. MACRBETH: As far as what is concerned?

DR. LAWLER: Because the temperature rises that
I am talking about is the measurement. So therefore what
I am saying, I am not sure I can relate those observations to
differences in output of the plant. |

MR. MACBETH: Ivtake it that the discharge system
under which Indian Point 2 will operate is 1115 feet from
the intéke from INdian Point 1, and you now do have the
port system there.

| Taking that discharge configuration, and again
assuming river ambient temperature of 32 degrees, and taking
this 6ver the flood period with Indian Point 1 and 2 operating
at reduced f£low but full powér, what recirculation of heat

profile would you expect at the Indian Point 1 area?

29
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§ DR. LAWLER: We have observed, for the condition
a - of Unit 1 operating, un@er ambient condition of about 37
3 degrees, a rise during flooding period of .2 of a degree.
4 - I should point out that this condition is only for
§ Unit 1, which is only up to this point.
@ g ’Also, two, that the discharge velocities for that
Z | case, rather than beiné the ten foot per second design
8 velocities there referred to a few moments agd, were about
o % cne~half of one foct per second, of that crder. |
% g . S0 therefore what you aré seeing there is ‘
48 more likely the greater distance from the intake than the
Ezl 'performance of the high velccity diffuser.
88 : To answer your guestion you would expect, under
84 ”. full operation of the both units, two things would occur:
13 One, the heat load and the flow would increase,; andg
86 § you would expect this to increase the temperature, then
17 you recirculate.
18 Secondly, the high velociﬁy discharge would tend
19 to mix the contents cfyour effluent water much more rapidly
an with the surrounding waters than I would expect to
21 .decrease the recirculation effect.
22 ' The net effect is really a good question.
23 - Based on what I have seen in the hydraulic model
24 and also based on calculationé, I would not expect the tempera—
28 ture recirculation -- well, let me rephrase it.
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v I would expect the temperature recirculation during
‘ 2 the flcod peiicd to range between one degree and two degrees.
s MR. MACBETH: At which intake, Indian Point 1 or
. S 22
. 8 H DR. LAWLER: Well, that is really a tough guestioni
6 i ~ You would expect it to be at Unit 1. Some of the
? modeling results that I have seen show that result to occur
& at Unit 2, and siightly lower values to occur in Ynit 1.
° | We are talking -- the models have an explanation
to in terms of the particular curvature and geometry of the river
U at that point in conjunctioA with the structure. At the
iz moment I am not prepared to describs that in detail.
‘ s I will say one thing, that the numbers
14 reallyAdon°t look too much different.
5 MR, MACBETH: In Indian Point 1 and 27
18 DR. LAWLER: Yes.
7 | MR. MACBETH: .?ﬁat was the situation in which
8 both plants had a full ibéﬁlahd operating with a reduéed
9 flow? k |
2 DR. LAWLER: Yes
1 MR. MACBETH: l_?éfhap.s I ought to be a little more
22 clear about the exact~produced flow. As I remem?er it,
23 - there are two different variations at Indian ?Oiﬁt_z;
] 24 areﬁ"t there?
. -2 | 'DR. LAWLER: That, sir, was the condition when
|
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both plarnts were operating at full flow.
| MR. MACBETH: At full flow?f

PR. LAWLER: Yes.

MR. MACBETH: What would the situation be where
they were operating with full load but reduced f£flow?

DR. LAWLER: Then, provided that the porits were
adjusted to runt the syéfem at ten feet per second, I would expg
that the temperature recirculation would be slightly lower.

MR. MACBETH: Slightly lower? |

DR. LAWLER: Yes, but again, this is very diffi-
cult to correlate. We are really talking of some pretty
small values.

I would suspect that it's not going to be the
vorld'’s easiest thing to correlate either. Changes in the
output or chénges in flow to recirculate, that is.

MR. MACBETH: Obvicusly Dr. Raney gave us some
very low values for sensitivity of fish,

When you say slightly loﬁer with the reduced f£low,
are you talkingiabout a tenth of & degree or a.half a degree?

DR. LAWLER: I would think of it more in terms
of a half a degrze than a tenth of a degree, but I think that
.at this point in time -~ I will indicate an educated guess.

MR. MACBETH: If the river ambient temperature is

increased to .35 or 40 degrees, and the other elements in the

system are held constant, taking first full flow, would you

ct
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- expec.t any change in these walues?

DR LAWLER: Well, supposedly when the'temperature
increa&es beyond 40 degrees, and we are no lenger in a
situaticn where the density changes are -- we are dealing with
a fluid that may be heavier than the ambient situation rather
than lighter, supposedly the effect would not be as severe.

Frankly, with tﬁe high velocity mixing, I'm not so
sure that the buovant effect, which is &escribeﬁ in detail
in the repoftS'I was referring to in response to your first

quéstion, would really play the role that they were presuned

to have played in that early situation before there was any

change at the intake or the discharge at Unit 1.

MR. MACBETH: I may have lost you somewhere along
the way. Perhaps I could return to the number'of it.

Are you saying that up to 40 degrzes you
won't expect a change, but at. . 40 there are increasing
differences in density of hot water being lesg dense and would
create a chénge in these values?

DR. LAWLER: I am saying that the theory is that
the recirculation should improve the temperature rises seen
at the intake should drop off as temperature increases, as
ambient temperature increases.

MR. MACBETH: Over 40 degrees?

DR. LAWLER: Yes. wﬁat I am saying is that I am
not certain that that would be terribly meaningful. I presume

it would drop somewhat. How much is a good question.
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I think it would be doing the job there rather
. s
' ¢ d than the question of points on plunes.
3 MR. MACBETH: Between 32 and 40 you won't expect afy
‘ ¢ ig noticeable change in values |
¢ i , »DR.‘, LAWLER: Any noticeable change in what, in
¢ the numbers I have mentioned? In the one to two degrees?
7 ) 1’11 say again that I would not expact to see the
8 nﬁmbers higher than that. They may be lower. No, I would not
y expect to see a bigger change in that range,
w0 MR. MACBETH: Take the situation where Indian Poing
M 1 is not operating and Indian Point 2 is operating. Again,
52 starting on a 32 degrees and a flood pericd.
' 3 What temperatures would you expect at the intake at
e | Indian Pcint .2‘?
s D}R._ LAWLER: My comments would be the same
e because the reduced flow situation that I referred tc would
i7 pe affected by that situation just as much as any other
8 situation. You would have reduced power, also.
9 MR. MACBETH: Then does that come out to
20 be that the temperatures would be less than they are, higher,
2t or the same?
' 2z DR. LAWLER: If anyi:hing, they would be less. I
23 certai‘nly'-dma't see them increasing under that situatién.
4 MR. MACBETH: I was really aiming at whether
= you would expect a major change and go down to the point where
i
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you couldn’t neasure ie?
DR. LAWLEZ: I taks it my answexr there
would be similar to my guestion as to whether I saw the reduct:
due to the reduction of flow, would be on the crder of
a tenth or on the order of a half a degree.

i

[

aid I would be mors inclined to say on the ocrde:x

cf a half a de

[fe]

ree than on the corder of a tenéh of a degree.

MR, MACBETH: Just so I am clear about this,
the outflow configuration we have just been discussing is
the outfiow confiquration under which it is planned to
operate Indian Peint 1 and 2; is that ccrzeci?

DR. LAWLER: That is correct.

MR. MACBETH: And yeu don't foresee any
further changes of this immediately with all these figures
we have been discussing?

3)2 98 LAWLER: No.

MR. MACBETH: Perhaps this would be a point to
pick one small point on dissolved oxygen that was on my mind
in the testimony that was submitted today.

On the affect of the Indian Point Plant with
reference to dissolved oxygen =-

MR. SACKS: Excuse me. On the contention of
dissolved oxygen that we have agreed on, if I may -~ I may
be anticipating. I think this is a discovery poinfvthat we

can cleay up.

.On
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CHAIRMAN JENSCH: Let’s here what it is and then
we can resolve it.

Maybe we can work out what the contention is
without the agresment?

MR. MACBETH: There scemsto me &0 b an error in

one of these charts that I wanted to clarify. I will put it ok

Lo tomorrow.

CHAIRMAN JENSCH: Pick it up right now. ¥You have
it in your hand. b

MR. MACRETH: Unfortunately the copy I have
is not paginated. There is a chart showing intake temwpera-

ture, discharge temperature.

CHATRMEN JENSCH: What page is it on?

MR. MACBETH: It's unpaginated.

CHAIRMAN JENSCH: What is the number of the
page previﬁus?

| MR. MACBETH: The whole report seems to be'

unpaginated.

CHAIRMAN JENSCH: Count from the back forward if
that will help you.

MR. BRIGGS: What does the table look like?
Maybe I have it here. Yes, I have it here.

MR. MACBETH: Do you have it, Dr. Lawler?

DR. LAWLER: Yes.

MR. MACBETH: As I read across that bottom line

i3 e
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marked "minimum®, the intake was 0.3 and the discharge D.O.

was 10.1.

The delta D.C. comes out to $.0.

Is there sonlme errcer there? Have I misyvead the nean-

ing of that?

It seamed to me the delte~D.0. should bé 27

PDR. LAWLER: It certainly appears . that it should.

I would say, just lcoking at the others, that it probably -—-
I will presume forvthe moment it siould be 02. If I fipd
after reviewing it tonight that it should be 00, I will let
you both know in the morning.

MR. MACBETH: The next thing I'd like Lo take up,

Mr. Chairman, is the thermal plume in relation to migration

appearances. Frankly, this ig a point at which I wculd also 1

like %o see the transcript of todéy so that I could be clear
as to what Dr. Raney said about the times of the year and
places of the river.

1f we could, I think I would like to leave that
for tomorrow.

CHAIRMAN JENSCH: If the parties can confer a

1ittle while after this recess on what the contentions are for

tomorrow, it will save some time out of the sessicn for
tomerrov.
Is there any other matter we can take up before

we recess this evening? I hear no such suggestion.

4
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At this time let us recess to reconvene in

this room tomorrow morning at 9:00 o'clock.

i

(Wnareupon, at 7:45 p.m., 1% June 1972, the

. 4 hearing was adjourned, to reconvene at 9:00 a.m., 20 June

)

1972, at the same place.)
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