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ONITED STATES OF AMERICA

ATOMIC ENERGY COMMISSIOR
e e x
Ih the Matter of:
CONSOLIDATED EDISON COMPANY OF j DOCKET NO. 50~247
NEW YORK, INC. P
(Indian Poiﬁt Station, Unit No. 2) ;
e -

Federal Office Building # 7
726 Jackson Place
Washington, D. C.

Monday, 5 March 1873

The above-entitled matter came on for further

hearing, pursuant te notice, at 9:00 a.m.

BEFORE:
SAMUEL W.. JENSCH, Esq., Chairman, Atomic Safety
and Licensing Board.
DR. JOHN C. GéYER, Member .
MR. R. B. BRIGGS, Member.
APPEARA&CES:

(A3 heretofore noted.)
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PROCEEDINGS
CHAIRMAN JENSCH: We will please come to order.
This proceeding is a hearing in the matter of
Consolidated Edison Company, and is convened here in accor-
dance with an order setting this time and place for the
further evidentiary session in this proceeding.

- Due to a change in the accomhdaations available,
and in accordance with the nqtice given to the attorneys
for all parties on March 2, 1973, this hearing will recess,
to recdnﬁene in Hearing Room C of the Interstate Commerce
Commission at Twelfth and Conétitution, Washington, D. C.,
ét 10:15 a.m. |

It méy be noted that in accordance with the notice,
no parties or their attorneys have appeared here. However,
three persons did arrive at 9:00 o'clock and they have been
informed of the dhange in the location of this proceeding.

At this time we will recess, to reconvene at

"10:15 in Hearing Room C of the Interstate Commerce Commission,

Twelfth and Cdnstitution, Washington, D. C.
| | (Whereupon, at 9:05 a.m., the hearing was recessed,
to reconvene at 10:00 a.m., this same date, at Hearing
Room C, Iﬂterstate Commerce Commission, Washington, D;C.)
CHAIRMAN JENSCH: We will please come to order.
This proceeding is a further evidentiary session

of hearings in the matter of Conéolidated Edison Company of
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in reference to Indian Point Station Unit No. 2, Atomic
Energy Comﬁiséidn;

Thi; hearing is convened in accordance with an
order for further sessions of evidentiary hearings which
was entered at the last evidentiary session con January 19,
1973, setting this date and time for the reconvening of the
further evidentiary hearing;

The order which was entéred on January 19, 1973
was supplemented by an additional notice setting forth thatA
a further session of evidentiary hearings would be held con
March 5, 1973; that notice was similar to the one given
on January 19, 1973, wﬂich,provided that the hearings would’
be heid, however, at the Atomic Energy Commission Auditorium
in Germantown, Maryland.

This additional notice was given general public

distribution which included publication in the Federal Register

as reflected by the publicafion on February 27, 1973,

as reflected in Volume 38 of the Federal Register at Page

5278.

Since the time of those two notices, that is, the
one given on January 19, 1973, and the published notice which
was issued on February 21, 1973, but published on February
27, 1973, it has been ascertained that there has been a

change in the accommodations as available for a public hearing
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at the auditorium of the Atomic Energy Commission in
Germantown, Maryland, in that the facilities are no longer

available for a public hearing, and in accordance with that

. recognized fact, consideration was given to a change in

location for this_hearing, and arrangemehts were made to
hold the hearing in this room, Hearing Room C of the Interstat
Commerce Commission at Twelfth and Cénstitution Avenue,
Washington, D. C.

Al) parties were notifiéd through their attorneyé
orally by my secretary to each of the counsel, and also a _

telegraphic notice was sent to the attorneys for the parties

on March 2, 1973. That notice given by telegram provided

- that, since adequate time did not permit publication of the

changé of the notice of hearing, a call to the hearing

would occur at 9:00 o'clock, a.m., on March 5, 1973, at

the Auditorium of the Atomic Enérgy Commission in Germantown,
Maryland.

This-was done. At 9:00 o'clock this morning a
call of the hearing occurred at the Autitorium, and as
indicated in the telegram, a recess was taken immediately
to then reconvene this proceeding at 10:15 a.m., on March 5,
1973, in this hearing room -- Hearing Room C.

Three persons did arrive at the hearing, however,
all of whom were informed of the change of location; and I

note that two of the three are here now. No other person

1%
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has appéared. A notice is being piaced on the.door at the
Autitorium in Germantown to notify people of the.change as
well as the Public Information Section being informed.

With that, the appearances for Ehe Applicant, I
note; are Messrs. Trosten, Cohen, and Sack, and accompanied
by Mr. Woodbury, the Executive Vice President of
Consolidated Edison.

The Regulatory Staff is represented by Myron Karmani

The Hudson River Fishermen;s Association by
Mr; Angus Macbeth.

I believe that constitutes all of the appearances.

We, the Board, have sent to the parties some
communications in reference to several cf the matters which
are related to this session of the heéring, and perhaps, --
maybe there will be another session; I do not know, of
evidentiary hearings, =-- by letter.dated March 1, 1973,
the Board submitted its views to the parties in reference to
radiological mattefs that await development at some session
of evidentiary hearings, and in addition, the Board indicated
the desire to have further discussion on the record in
reference to a motion that has been submittecd by the Hudson
River Fishermen's and the Environmental Defense Fund in
reference to indications which have been given in proposed
technical specifications for testing of the thermal plume.

The Board is anxious to have that matter
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1 developed. somewhat for its further consideration before
ruling on the motion and the comments of the Board are

3 reflected in the letter of March 1, 1973, transmitted by

. 4 the Board to the attorneys for all the pafties.
5 - Before we convened this morning, the attorneyvs
6 indicated they desired to discuss, perhaps, this motion further,
7 and at this time, the Board will receive those further dis-
8 cussions that the parties desire to present.
9 I think the Applicant spoke first.
10 ' , MR. TROSTEN: Mr. Chairman, shortly after the last
11 session of the hearings, I con'tacted counsel for the Regula-
12 tory Staff and discussed with him the matter of the preposed
., ' 13 technical specifications for thermal model testing.
14 It is the Applicant's position that if, and I

15 expressed this to Mr. Karman at the time, that if the Staff
16 determined that it would not be necessary that this proposed
17 technical spec.ification be included in the testing license,
18 the Applicant would not object; and. the Applicant therefore

19 would not be performing the thermal model testing under the

20 proposed_ -- under the testing license.

21 Mr. Karman took this matter under consideration,
‘ 3 22| and I believe is prepared to address this matter today.

23 This, fundamentally, is our position, Mr. Chairman,
. 24 that if the Staff feels that the condition should be deleted

e — Federal Repotters, Inc. . :
25 in light of the expressions of concern by the Board, that
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_the Applicant would simply not oppose the deletion of that

condition and the testing would not take place. We would

simply perform the testing that was characterized in the

-evidence before the Board with respect to radiological health

and safety, the evidence whiéh is fully before the Board
in the testimony in this proceeding.

I do have one point that I would like to make,
however, Mr. Chairman, and ﬁhat is that I would hope that
we éorrectly interpreted the Board;s decision with regard té
the matter of 100 days. .

As I mentioned at the last session of the hearings,
it seems to me that the evidence in thg proceeding indicates
that although we expecg and hope to_have the testing
completed in 49 days, and we certainly anticipate that it
will be completed within 100 days, which is a simple doubling
of this period, there is, of éourse, no absolute guarantee
that the testing, radiological health and safety testing,
will be completed within lOb days; and we think the
evidence before the Board expressed that point.

Accordingly, we would hope that the proposed
license that was suggested by the Staff, which allows for a
period of nine months as a matter of the administrative period
ofthe license would be allowed to remain, because we feel
that it is important that there ‘be a certain measure of

flexibility here and that we not have to return with new
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motions or new considerations in the event that the testing
Qf the reactor for radiological héélth and séfety pur?oses :
should for some.reason go.beyond 100 days.

This is the positidn of the Applicant on this
matter.. |

CHAIRMAN JENSCH: Before we héar from the
Regulatory Staff and tﬁe other attorﬁeys, I wonder if you
could teli us, what is the éituations_about the testing
license?'

I think Mr. Cahill at one of our las£ sessions
indicated thaﬁ you expected to have the plant ready.for
“criticaiity about April. |

MR. TROSTEN: Yes.

CHAIRMAN JEINSCH: - Is that still holding?

ﬁR. TROSTEN: Yes, the criticality is expected in
April, Mr. Chairman; and if the Board wishes a further |
report on this, I requested this morning that I_be given
the latest information. It is expected in April.

-CHAIRMAN JENSCH: I think,’unless some members
of the Board indicate otherwiéé, i think your report is
adequate for us.

The reason I ask is*ﬁhat the Board has indicated
a desire to perhaps visit the site again and the plént,
and I just wanted to know héw the situaﬁion was developing.

We appreciate the fact that you have brought Mr.'Cahill down,
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or asked him to come down at the last session. I don't .

‘think the Board wQuld ask that you do that again. We will

accept your statement or Mr.'Woodbury‘s statement in that

regard,
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MR. TROSTEN:‘ Thank you. 1In this respect; all the
fuel has been loaded back into the facility, Mr. Chairman, 
and as I say, criticality is expected in April.

| MR. KARMAN: Mr. Chéirman, and.Membersof the

Board, when the Regulatory Staff submitted its proposed techni-
cal specifications for the testing license, it was with the
intent that‘if, during the course of this testing period which
the Applicant had proposed and which the Board had authorized,
the Applicant commences some of the tﬁermal'modeling and gét
that much ahead of the future thermal modeiing which we wouid

certainly recommend for a full power license. This would be

fine. But under no circumstances was it the intent of the

T L g MUNY- I S W S S N i
AeGiadatery Stafl to =Hueend. any westiny LaCellbe prtudcacs=u Upon

the thermal.modeling.

 We wouid not oppose the deletion of that thermal
modeling requirement during the testing license itself. With
respect to the duration of the license which the Regulatory
Staff proposed in its proposed license, this was, again, as
Mr. Trosten indicated, selected on an administrative basis,
figuring that if something did go wrong during the testing,
it would not be necessary for thé Applicant to come back aﬁd
request extensions or for us to come to-fhe Board for an
extension of anyvtesting license.

But it did not méan that the Regulatory Staff

was intending to have testing for nine months. It was still
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withiﬁ thé confines of the proposal which the Applicant sub-
mitted and which we discussed duting the.testimonyuin this
part}cﬁlar_hearingf

'MR. MACBETH: ~The interest of the fishermen is the
total testing that goes on aﬁd the effect on the biota éf the
river. .The heart of that is really additional time for

thermal modeling. We don't view the hundred days as a sacro-

sanct period. I think I would like to reduce to writing the

tory Staff this morning, and put that into a stipulation to
present to the Board simply so: that it is clear that we are

talking about the radiological testing that was described in,

0

’I“tminx it'rgfthe-ectober 19, 1971 testimony, which is tued-
basis of the original stipulation between the Applicant and
the Hudson\River Fishermen's Association.

As long as that is perfectly clear and thereléan
be no error about it, thenvthe Hudson River Fishermen;s Asso-
ciation doeé not feel that 100 days has to be the time. Should
there be sbme 1ull in the middle when no activity is going
on at the plant, which requires the tqtal period to go 105
days, or something of that sort, that would not upset o&r
basic understanding, which was on the total amount of'operation
testing that the plant would uhdergo rather than the exact
time séquenée in which the testing cduld be done.

MR. TROSTEN: Mr. Chairman, I would like to make
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one obser§ation just to be sure we are all clear_oh this. I

nthink the record_already'reflects:that, but in any event,

the 100 days represehts 100 days of testing. It is not neces-

sarily 100 consecutive days.'.I think we are all clear on that
point. | |

MR. MACBETH: I thought it waé more acéurately
49 days of testing spread over a more reéiisﬁic:schedulé.

MR. TROSTEN: That is not really the case. What we
were talkinéAabout was 49 days of tesﬁing, which,,to be

conservative, might take 100 days of_testing.' It is not

strictly a calendar period, Mnh_Macﬁgﬁh. Every single day woul
not necessarily be -- it is not a consecutive period of 49
-days, -wi a consecutive pericd .of 100 days. - - : Coa

- MR. MACBETH: When you say 100 days of testing,
are you taikiné about 100 days with the plént at some power
level? I understood it to be 49 days with the plant at some
power level wﬁich might be spread over 100 or more calendar
days. Is that correct?

MR. TROSTEN: The number of days that the plant
woﬁld be at a specific power level is set forth in our testim-
ony, and this is the posi£ion we are taking. There is no
deviation from that.

 CHATRMAN JENSCH: Well, the Board will withhold
any ruling until the stipulation would be proposed for our

consideration. ‘ i
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MR. MACBETH: Thank you.
CHAIRMAN JENSCH: Very well.

I believe there have'been indications from several

.
i

of the parties that further evidence would be adduced. Which
party desires to proceedAfirst? 

MR. TROSTEN: Mr. Chairman, we have a number of

‘documents which we would like to offer into evidence at this

time.:
CHAIRMAN JENSCH: Very well. Proceed.

MR. TROSTEN: The first set of documents consists
-

of the 19‘redéfeet7—£ahg£§§l testimony documents, which were

submitted to the Board and the parties on February 5, 1973.

T will ddentify them fox» the vecord. st

CQAIRMAN JENSCH: vDo you have sufficient copies
for inclusion in the record?

MR. TROSTEN: Yes, weAdo have copies for inclusion
in fhe record.

CHAIRMAN JENSCH: Proceed.

MR. TROSTEN: They are the testimony by Dr. James
T. McFadden and RDr.—Haxry-Woodbury entitled, ﬁIndian Point
Studies To Determine the Environmental Effects of Once-Through
Cooling" and so forth. All these documents are dated February
5, 1973. |

The second is the testimony of Dr. James T. Mc-

fadden, entitled, "The Effects of Indian Point Units 1 and 2
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Al 2 1| on Hudson Riveerish Poéulations."
‘eba 5 2 , The ﬁhird is the testimony of Dr. »John P. Lawler |
3 entitled "Mathematical Model Used By the Staff To Estimate the
. | 4| Effect bf Indian Point Units 1 and 2 Entrainment von Hudson
5| River Striped Bass."
6 ' The fourth is the testimony of Dr. John T. Lawler,
71 "Responses to Questions dn the Sensitivity ofvtheAModel Pre-
3 sented in the Testimony of October 30, 1972; On the Effevsl )
?| Entrainment and Impingement at Indian'Point Gn—Hudseq River
16 Striped Bass.™
11 . The fifth is the tesfimony of Dr. John P. Lawler
12| entitled "Answers to Questions on. The Statisticél Data Analysis
’ l3 “of “Tabie 19 oif the ctober 30, ‘LY72 “festrmony on tne Erfects
14 of Entrainment and Impingement at Indién Point On the Popula-

15| tion of the Hudson River Striped Bass."

16 The sixth is the testimony of Dr. John P. Lawler
17| entitled "Effect of Indian Point Units 1 and 2 Operation On

18|| Hudson River Dissolved Oxygen Concentrations."

19 The seventh is the testlmony of Dr. Lawler entitled
ol oot ot sygon rins st A RERTSERS Ou e
2] (}/Cbllﬂl& The eighth is the testimony of Dr. John P. Lawler

22| entitled "Thermal Effects of Indian Point Cooling Water on the

Q 24 The ninth is the testimony of Dr. John P. Lawler
Ace - -

eral Reporters, Inc.

25| entitled "Behavior of the Indian Point Thermal Effluent

23 Hudson River."

v rmemne e e oA
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Duriné Winter Conditions and Its Effect on Hudson River Striped

Bass." | /O ¥LCLLLM&4D
; _ ' J_/g,,dfﬂﬁ) 'QD"
The tenth 1s—ent;ti5% rtions of the Hudson

River to the Middle Atlantic Striped Bass Fishery."

‘The eleventh is Dr. Lauér's:testimony, ors

WMJWW

ML )

ESQ%LO) é&%(%ﬁixmﬂw JENSCH: Thgt is Dr. Lawter Uffgézg%%ier?
\QN\/CAL@W@W&@U ),

M%

MR. TROSTEN: Dr. Lauer.
Twelve is Dr. Lauer's testlmony en xpected

ZE§ZjQEE§§jfa%ure1" " Thirteen is Dr. Lauejjibggzzgzony entitled

%S

il
"New York University Seine Fish Data on Hudson River Fishes."

Fourteen is Dr. Lauer's testimony on‘the "Effects
oL muCla;Plth gzzg%rm?sa=masc-ard ﬁ%&gg?%-rcé)Eggs and Larvae
at Indian Point.".

Fifteenth is Dr. Laver's testimony;on'"Stﬁdiesgof
theAEffects of Rapid Pressure Changes on Stfibed’Bass Eggs

and Larvae by New York University." dﬁ@}CZ)AZQWQKJQIﬂJ

The sixteenth is= "The Estimation

of Fish Impingement At Indian Point Units 1 and 2."

The seventeenth is Dr. Edward C. Raney's:testimony-
entitled "Striped Bass."

The eighteenth is the testimony of Mr. Carl L.
Newman, Mr. Bertram Schwartz, and Mr. Harry Woodbury entitled
"Restricted Operation of Indian Point 2.

Nineteen is Mr. Carl Newman's testimony entitléed
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"Alternative Closed Cycle Cooling Systems at Indian Pbint 2."
This.consists of the first colléction-of testimony,

Mr. Chairman. | |
.: . By stipﬁlation with the partieé, Mr. Chairman, the

authors of several of these documents are not here. These

documents are being offered as the sworn testimony of the in-

-dividuals ‘in question. All of them have -previously been sworn

and I ask that these documents be received in evidence in

this proceeding and included in the tianscript as if read.

[ RSO ARG A S
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CHAIRMAN JENSCH¥ Is there any eomment any party
desires to make-withireference-te that statement by the
Applicant's cOunselé : |

MR. MACBETH: No objection.

MR._KARMAN: No objection.

CHAIRMAN JENSCH: VEry well, the request is.

- granted, and the gesumeat identified by Applicant's counsel

may be physically incorporated in the transcript as if read,

and shall constitute evidence on behalf of the Applicant.

’

MR TROSTEN- ‘Thank you, Mr, Chairman.

CHAIRMAN JENSCH° It is understood that sufflclent

coples will be made avallable to the reporter for 1nclu51on

in the transcript. .. o the fyaneey AT A
MR. TROSTEN: Yes, sir.

(Documient follows.)




BEFORE THE UNITED STATES

ATOMIC ENERGY COMMISSION

In the Matter of

Consolidated Edison Company of
New York, Inc.
(Indian Point Station, Unit No. 2)

Docket No. 50-247

Testimony of
| Dr. James T. McFadden, Dean
i School of Natural Resources
‘ . University of Michigan
and
Harry G. Woodbury, Executive Vice President
Consolidated Edison Company

of New York, Inc.

on
Indian Point Studies to Determine the Environmental Effects
of

Once Through vs. Closed Cycle Cooling at Indian Point Unit No. 2

February 5, 1973



INTRODUCTION

The Atomic Energy Commission Staff's Environmental Impact Statement for Indian
Point Unit No. 2 recommends that Con Edison be required to provide closed cycle cooling for
the plant by Jaunary 1, 1978, This recommendation is based on limited data and speculation
concerning the effect of once through cooling. Con Edison has provided extensive testimony
to show that the effects of operating Indian Point 2 with once through cooling until September
1981, when the Hudson River Ecology Study is completed and a closed cycle cooling system

could be in operation, would not cause substantial or irreversible damage.

The AEC staff's recommendation to provide a closed cycle cooling system imposes
additional study requirements to determine the environmental design requirements of a closed
cycle cooling system and its impact. Con Edison has underway or planned studies which are
to provide comparative estimates of the long range environmental impact of Indian Point No,

2 for A) the existing 'oncq through cooling system and B) an alternative closed cycle cooling
system, It is axiomatic tl;at such studies will require additional time and Con Edison urges
that it be allowed the time to complete these studies before a.regulatory agency makes any

decisions to require closed cycle cooling,

The AEC staff recommended in Item 8 on page viii that: '"Whenever the applicant
believes it has accumulaffed information which can clearly demonstrate that the operation
of Unit #2 in conjunction With Unit #1 with the once through cooling system will not result
in an unacceptable, long-term, irreparable damage to aquatic biota, the applicant may file
an appropriate application for amendment of the operating license." This statement acknow-
ledges the tenuousness of the Staff's conclusions on biological damage and recognizes that
with proper study evidence might be developed which could well show that the social and
economic costs of a closed cycle cooling system exceeded the benefits therefrom. Never-
theless, the staff recommendation provides inadequate time in which to make an adequate

study before requiring substantial financial commitment to the closed cycle system,
Con Edison's position on cooling towers, as previously stated, is that:

"Should Con Edison conclude on the basis of information gather'ed during
the five-year study period that the need has been demonstrated for modifi-

cation of the once-through cooling system for Indian Point 2, Con Edison




would on its own initiative propose such a modification to the appropriate
governmental agencies. In any event, the data would be made available to
the agencies having jurisdiction and they would have the information needed

. 1
to determine what changes in the system were required. "

The need for further study to determine the contribution of the Hudson River stock of
striped bass to the Atlantic Coastal Fishery is demonstrated by a recent cooperative study
agreement between the Department of Commerce and the New York State Department of
Environmental Conservation. The object of this three-year study is described in the attached
"Project Proposal" dated August 15, 1972 (Appendix C) and we are advised that the Depart-
ment of Environmental Conservation has received a Federal Grant for the study. As indi-
cated in the "Attachment to Project Proposal', "'very little is known about the contribution
of the Hudson River stock to the coastal fishery.' The results of this study, together with
the results of Con Edison's research program as described in this testimony, will provide
information required before a rational decision .can be made concerning the need for an

alternative cooling system for Indian Point 2.

The purpose of this testimony is to present the studies to be made, time required and
the dates when results will be available for review and evaluation. The studies are in four

general fields:
A) Meteorological
B) Botanical
C) Noise
D) Biological

The meteorological, botanical and noise studies are associated with a determination of effects
of a closed cycle natural draft wet cooling tower. If additional studies were to include mechani-
cal draft as well as natural draft wet cooling towers, or other alternatives, additional work
would be required beyond that described here. The biological studies relate primarily to the

effects on the aquatic ecosystem of once-through cooling on the Hudson River although there

1 .
Opening statement of Mr. Leonard Trosten, attorney for the applicant, on October 30, 1972
when the Environmental Hearing reconvened in Crugers, New York.



effects on the aquatic ecosystem of once-through cooling on the Hudson River although there

‘ are biological considerations in closed cycle cooling systems as well.

Meteorological Study

‘ The meteorology study has the following objectives:
1) Determine meteorological design parameters for cooling towers.

2) Determine frequency of formation of visible cooling tower plumes, fogging, icing,

dew and cloud formations. '

8) Predict the geographical increase in ambient salts resulting from the carryover of

entrained water droplets (drift).

4) Determine impact of tower on micro-meteorology of Indian Point site for radio-

active release calculations.

5)  Determine the effect of a cooling tower on the dispersion of pollutants from Indian

| Point No. 1 stack.

. 6) Determine the effect of closed cycle operations on radiological emissions.

| . O . . o L R . .

! The investigation will require the erection of instrumentation towers at Indian Point
and the collection of data for a period of 1 year. This is considered to be an absolute mini-
mum for data collection as it will provide one set of observations for each season at the

required elevations. A period of three months is needed for the analysis of data and prepa-

ration of final report.

Botanical Study

The botanical study has two basic objectives:

1)' Determine the threshold values for physiological damage to the most susceptible

deposition of salt and other compounds contained in drift.

. 2) Establish design criteria for cooling towers (including drift eliminators) to mini-

mize damage to vegetation in the Indian Point area.

|

|

|

species of plants in Westchester, Putnam, Orange and Rockland Counties to the
|

‘ This is primarily a laboratory type test where indigenous plants are selected and

|

|

exposed to a saline aerosol in green houses under controlled conditions. A period of 1 year

3



is considered essential to set up the experiment and to gather data to determine the exposure
threshold which will produce ddmage in the more sensitive speéies. Environmental damage
threshold information is considered necessary before the tower is designed. The study will
continue for one additional year to determine the threshold of growth damage and to confirm

the first year's results.

Noise Study

Selecting the natural draft cooling tower, and its location on a site are factors that
determine property line noise level. Engineering data on cooling tower resonance and noise
emissions are required before locating cooling towers, if the Village of Buchanan property

line noise levels are not to be exceeded.

Natural draft cooling towers have been used for many years, but in locations where
noise was not a concern. Scant information is available on the subject of natural draft
cooling tower noise and further information is 1"'equired in order to accurately predict far
field noise levels. Unlike some mechanical equipment, where additional noise control
treatments can added after starf-up to reduce property line noise, additive noise suppression
~ treatments for natural draft cooling towers would be extrémely expensive, and perhaps not

even feasible.

In order to predict compliance with property line noise requirements with any degree
of certainty, it will first be necessary to develop noise estimating i)rocedures for natural
draft cooling towers. Engineering studies for this purpose would include: (@) evaluating
the magnitude and frequency'distribution of noise emitﬁed by alternate types of towers,

(b) sound radiation and resonance characteristics of large towers, (c) audible emanations
induced through ground vibrations caused by power plant operations, and (d) attenuation

versus distance characteristics of the noise from towers.

Biological Study

The aquatic biological studies are the most time consuming, A part of the work re-

lates to a determination of the effect of cooling tower blowdown on the biology of the river.




The physical and chemical characteristics of the cooling tower blowdown will be estab-
‘ lished and the resulting three dimensional configuration of the discharge concentrations will
be estimated., Additional bioassays will be run as required to determine the expected impact
of the various chemical discharge concentrations on the ecosystems of the river to insure

. proper design and control of discharges.

The aquatic biology studies associated with once-through cooling are the most "time
critical". The purpose of these studies is to evaluate the effects of the operation of Indian
Point 1, 2 and 3 once through cooling éystems on the ecosystem of the river and to devise
means and methods for minimizing adverse effects within the guidelines of the National En-
vironmental Policy Act. The study was started in June 1969 under the surveillance of the
Hudson River Policy Committee, when the Raytheon Company undertook to identify the various
forms of biological life in the river, at Indian Point. This survey determined the presence
and relative abundance of some of the species. The field work was accomplished over a
period of approximately one and one-half years. ‘The scope of work was modified and the
present biological studies being accomplished under contract with New York University,
Quirk, Lawler and Matusky and Texas Instruments were initiated in 1971 and early 1972,

These study responsibilities are as follows:
1) Texas Instruments, Inc. - Effects of plant operation on screenable organisms.

2) New York University - Effects of plant operation on non-screenable organisms

(entrainment).

3) Quirk, Lawler and Matusky - Development and use of a mathematical model to
predict the effects of entrainment and impingement on the population of striped

bass in the light of known water uses in 1974,
4) Texas Instruments - Integrate the results of 1, 2 and 3 above.

Additional studies planned but not yet under contract include studies to mitigate impinge-
ment and entrainment losses by stocking of striped bass fish behavior studies in the presence
‘ of alternate screening concepts, the use of a common intake structure for all three Indian

Point plants and the use of air curtains.




The Texas Instruments Study has five major objectives which are as follows:

1) Determine the biological significance on the Hudson River ecosystem of impinge-

ment of screenable fishes at the intake of Indian Point Units 1, 2 and 3.

2) Determine the biological significance on the Hudson River ecosystem of thermal

and chemical additions from Indian Point Units 1, 2 and 3.

3) Determine the biological significance on the Hudson River ecosystem of aquatic
organisms passing through or being attracted to the thermal plume and/or into

the effluent canal or intake.

4) Determine the acute and chronic effects of temperature on life stages and migrating
habits of key fish species, on the behavior of these organisms, the upper and lower

temperature tolerance of these organisms, and relate these data to plant operations.

5) Develop and test concepts of protective measures for minimizing adverse biologi-

cal effects and ascertain biological benefits and costs of such measures.

To be able to quantify the long range effects on a Hudson River population, it is essen-
tial that data be collected both before and after start-up of the plant. This study was origi-
nally scheduled to measure river conditions before start up of Unit 2 and continue for two

years after start up of Indian Point 3.

A study schedule in the form of a time phase and logic diagram is presented as Appendix
A attached. Also attached as Appendix B is a diagram which integrates the ecological studies
schedules with the schedules fdr the design and construction of an alternate cooling ;ystem
indicating an earliest availability date of September 1, 1981 for operational natural draft

cooling,

I. SCHEDULING OF BIOLOGICAL TASKS AND GENERAL ANALYTICAL FRAMEWORK

Appendix A contains a presentation of various biological tasks and the times necessary
to complete them.' Approximately one year was provided to develop and field test the metho-
dology to be used in the population estimates. Interaction occurs between types of sampling
gear, tags, and survival of tagged fish with seasons. Thus, these must be determined on a

seasonal basis. This work was started in April 1972 and was terminated on January 1, 1973,




This phase of fieid work will be followed by a period of data analysis and completion of a
report on sampling and marking methods. The results of this phase will provide methodology
for mark-recapture estimation of the population of striped bass and white perch in the Hudson

River,.

The methodology developed will provide guidance for field sampling as shown on the
diagram. This sampling will provide input data to be used in such related study tasks as
estimating population size, sub-populations of major species, ecological characteristics and

health of fish populations and the physical-chemical correlates of biological parameters.

A key part of the study is the determination_of the population dynamics of striped bass
and white perch. Basically, this will consist of estimation of abundance of fish of differept
ages, their survivzl, growth, and reproductive rates, and the wajs in which these population
parameters change under (a) the influence of natural environment conditions (freshwater
flow rates, temperature, water chemistry ’ availability of food, etc,) and (b) impacts caused

by man (entrainment and impingement at power plants; thermal and chemical effluents, etc,).

Two closely related perspeétives, which, together embody the dynamics of striped
bass, and which are the basis for our assessment of the im;ﬁact of Indian Point Unit #2, are
presented in Tables 1 and 2. Similar data syntheses are being carried Qut for white perch
as well, Table 1 is the standard demographic analysis used for populations of living organisms,
including actuarial work on human population. It traces by age in years (x) the age specific
survivorship (Lx) and age specific fecundity rate (Mx)’for a year class of striped bass. For
example, one year after the year class is spawned (X= 1), 20,064 fish survive for every
billion eggs produced by the parental stock (L1 = .000020064) , and pgégsfqof these fish are
sexually mature (M 1 0). Atage X =5, for every billion eggs produced by the parental
stock 5 years previously, 836 fish survive and these produce an average of 329,000 eggs per
female (M5 = 329,000). This egg production at age 5 is 27.5 percent of the parental egg

complement from which this.years class arose (L5 M, =.2750). The basic data on reproduc-

5
tive rates are from the testimony of John Lawler (April 5, 1972, TR 4831), Similar use of these
data in Dr. McFadden's previous testimony of October 30, 1972, page 29, included minor
computational errors which are corrected here. Table 1 represents a striped bass year

class in a stationary state - i,e., one which exactly replaces in the course of reproductive




Table 1. - Life table and age specific fecundity rates for a stationary population
of striped bass. Based upon sexual maturity and fecundity data from
testimony of John Lawler; and assumed annual survival of 309 from
Age Group 0-I (12th to 24th month of life), and 50% annually thereafter

X = Age in years measured from the egg stage X = 0;
Lx = fraction of the initial egg complement alive at age 4;
M - asge specific fecundity rate, the total number of eggs produced
X Dby all females at age 4.
x L x 10° " M, x 107 L M
0 1000. 000000 0 0
1 .020064 0 0
2 .006688 0 0
3 .003344 0 0
4 .001672 - 86 . 1438
5 .000836 329 2750
6 .000418 585 . 2445
7 .000209 : 752 . 1572
8 .000105 820 .0861
9 .000053 909 ;0482
10 .000026 910 .0237
11 .000013 964 .0125
12 .000007 1136 .0080
13 .000003 908 .0027
1.0017




- Movement of a year class of striped bass through the population of the

" Table 2.

’ : Hudson River. Survivorship and reproductive rate data from Table 1
for a hypothetical stationary 1969 year class. The lower left quadrant
shown for the 1973 and subsequent year classes the spread of Impinge-
ment and Entrainment (E) effects from Unit #2 through the age group
of the population Horizontal arrows (a--e) indicate reproduction by the
1969 class,

Eggs Immatures Spawners
Yea
r 0 1 2 4 5 6 7
109
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\\‘
Y
2.0x10
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A 3
6.7x10
1971
3. 3x10
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1975
_ 8
- — A — —N— — L —— L _|_e=2.4x10
. No ]
E+I |E+I |1 072x10°
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~——— 1+ — —+ = — 4 — — [ —— J _ _ _e=1.6x10°




lifethe nﬁrﬁber of eggs from whichit was originally produced. Thus it exemplifies an equilibrium
. situation, The LxMx column gives the fraction ofthe lifetime egg production by this year class
which is spawned at each age. Age groups V and VI account for half the egg production, and
age groups IV through VII account for some 80 percent. The sum of the LxMx column is set in
‘ . this example at unity (differing here by rounding error), reflecting equilibrium with the size

of the spawning from this year class arose (Lo = 1.0, unit parental egg complement).

Table 2 shows how successive year classes of striped bass move through the population
of the Hudson river in real time. The survivorship and fecundity rates of Table 1 operate
along a diagonal thréugh Table 2, as shown for a hypothetical 1969 year class, The tbp
numerical entry in each cell of the table is the number of survivors at each successive age
from the initial spawning of one billion eggs. For example, the 1969 year class is present
in 1972 as age 3 fish, which number 3, 3¢ 103. In 1973, the 1969 year class first contributes
to spawning, producing 1.4- 103 eggs, as indicated by the horizontal arrow (<«---€). The
balance of the eggs produced in 1973 would come from the 1968 year class spawning at age 5,
the 1967 year class spawning at age 6, etc. Figures 1 and 2 embody essentially the same

‘ approach as the population model of John Lawler.

In the lower left quadrant of Table 2 are indicated the paths along which postulated
impingement (I) and entrainment (E) effects caused by operation of Indian Point Unit #2 would
spread through the age groups of thé striped bass population. While all age groups of striped
baés and white perch accessible for sampling are included in the Indian Point Ecological Study,
the critical stages in terms of power plant impact are those of the first 12 months of life.

During the first year of life:

(@) density independent environmental factors which drarhatically influence year

class strength are strongly operative;

(b) compensatory processes, which increase growth or survival when population
density is low and decrease growth or survival when population density is high,

‘ are likely tc be most effective;

(c) entrainment and impingement of striped bass and white perch have their greatest

‘ impact,




On the average, about 80 percent of the annual egg complement of striped bass is produced
by Age Groups IV, V, VI, and VII, with V and VI by themselves accounting for 50 percent.
By 1969, when the first data on relative abundance of striped bass near Indian Point were
collected in the Raytheon study, all four of the principal age groups in the spawning stock
had originated from year classes exposed to the impact of Indian Point Unit #1, which began
operation in 1962, Thus the effect of Unit #1 is incorporated in the baseline data from 1969,
1970, 1972, and 1973 against whichdata reflecting the impact of Unit #2 will be contrasted.
Exceptions to this condition are noted at appropriate points later in this testimony. It now
appears improbable that Unit #2 will be fully operational early enough in 1973 to significantly
affect the striped bass and white perch populations through entrainment; therefore its effects
in 1973 are assumed here to be limited to impingement of juveniles dur;;g_ the latter part of

the year.

It is predicted by the AEC Staff that operation of Indian Point Units 1 and 2 will reduce
year class size in striped bass by 30 to 50 perceﬁt, and the intervenors predict drastic
reductions in striped bass and white perch populations. Based upon: (a) generally applicable
principles of animal population dynamics which state that compensatory processes will offset
in whole or in part population reduction due to a new increment of mortality; (b) integration
of available data on the Hudson River Estuary into a simulation model by QLM; and (c) recent
experimental data from NYU studies which demonstrate that a significant proportion of living
organisms exposed to the stress of entrainment will survive, Con Edison considers that Sfa.ff
and Intervenor predictions of fish population reductim are greatly exaggerated. Con Edison
contends that solid grounds exist for belieﬁng that operation of Unit #2 will not caus‘e serious
damage to.fish populations. Further, Con Edison consi&ers that ecological studies underway
af Indian Point would detect impending irreversible damage to fish populations, and the estu-
ary ecosystem in general, in ample time to implement corrective measures, such as closed

cycle cooling towers,

Using data from studies completed in 1969-70 and from the Indian Point Ecological Study
now underway and planned for completion in 1976, the following fish population parameters will

be monitored for striped bass and white perch:
Population Density

Survival
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Age Composition

Growth Rate

Age at Sexual Maturation
Sex Ratio

Identification of Sub-Populations

These parameters change in prédictable ways as a result of serious exploitation: popu-
lation density and survival rates decrease; reduced recruitment causes a predictable decline
in the relative abundance of certain age groups in subsequent years reflected in age frequency
distribution data; growth rate increases; sexual maturity may be attained at young ages; and
aberrations in sex ratio may appear. A data base exists from which each of these parameters
can be contrasted before and after activation of Indian Point Unit #2. The data base and -
analytical methods to be used for each population parameter in assessing the impact of Unit 2

are detailed in the following sections of this testimony.

II. POPULATION DENSITY
Five different measures of fish population density are available:

Catch/Effort Trawl data - relative abundance

Catch/Effort Seine data - relative abundance
Mark-Recapture population estimates - absolute abundance
Egg Deposition estimates - absolute abundance

Pelagic larvae estimates - absolute abundance

In addition, work i-s underway to develop echo-sounding techniques which would be calibrated
against trawl catcli/effort data, and which would allow much broader collection of catch/ef-
fort data. It will be possible, if this technique is successful, to follow changes in abundance
and seasonal movements to different locations in the estuary more closely than is possible

through trawling techniques alone.

IIA. CATCH EFFORT

The number of fish caught in a standardized amount of fishing effort using standardized
collecting gears is an index of relative abundance of the fish population. Such indices are one

of the longest established and most widely used types of data in the study and management of
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fish populations. Catch per unit of fishing effort - or catch/effort, the term used here - has
been used to monitor changes in abundance from year to year and place to place in such
widely differing situations as the great high seas fisheries of the world and local, hook and

line, sport fisheries.

Catch/effort data have been collected for striped bass, white perch and other species
in the vicinity of Indian Point by the use of trawls and beach seines. In the Indian Point
Ecological Study now underway stations have been established from Ossining to Denning
Point. These sampling stations are.di‘stributed among three study regions, as shown in
Figure 1, the most irhportant being Region I, extending from Haverstraw Bay to the Bear
Mountain Bridge, with a concentration of stations near the Indian Point power plant. The

sampling effort is distributed as follows:

Region I Region II Region III Ossining
Boundaries Haverstraw Bay Bear Mt. Bridge Storm King Mt. See Fig. 1

Bear Mt. Bridge Storm King Mt. Beacon New-
burgh Bridge

Number Trawl Stations 10 . 3 ' 3 5
Number Seine Stations 8 4 3 3

This sampling effort continues in intensified form the fish population monitoring begun
in the Raytheon Study in June 1969. Because of the continuity in sampling, site, and methods
from the Raytheon Study to the present Indian Point Ecological Study, it will be possible to
contrast data from 1969, 1970, and 1972 - years free of Unit #2 effects - with data from
1973, 1974, and 1975, when Unit #2 is operative. At present it appears that Unit #2 may
not go oﬁ line early enough in 1973 to affect fish popﬁlations significantly by entrainment,
so the 1973 data may reflect either 'pre-operational" or "operationai" s-tatus of Unit #2,

depending upon date of activation of the Unit and the nature of the fish population contrast

being made.

The Raytheon data extend from June 1969 through October 1970. Sampling was limited
in winter and spring, with the main data being from summer and autumn of 1969 and 1970.
Seven major and 9 minor trawling stations were maintained, along with 6 major and 3 minor

seining locations. The major trawling and seining stations are of great'est importance in
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Figure 1. Indian Point Ecological Study Regions
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comparisons of data from 1969 - 1970 with subsequent data collected by Texas Instruments

‘ in the Indian Point Ecological Study.

Bottom trawling was begun in June 1969. Samples were taken 3 times monthly at major
stations and at least once monthly at minor stations, with occasional night samples. From
. March through May 1970 major stations were sampled at least once monthly and minor sta-
tions only occasionally. From June through October 1970 major stations were sampled
weekly in daytime and monthly at night; minor stations were sampled three times each

month, but only once in October.

Surfaée trawling was begun in autumn 1969. Samples were taken twice each month,
both day and night, at major stations, and once rhonthly, both day and night, at minor sta-
tions. During April and May 1970 sampling was reduced to once monthly at selected stations.
From June through October 1970, major stations were sampled biweekly, both day and night,

and minor stations monthly, both day and night,

From June 1969 through October 1970 beach seining was carried out weekly, both day
and night at major stations; and monthly, day and night, at minor stations except as prevented

‘ by winter weather conditions,

A gap in tfawl and seine catch/effort data exists from November 1970 through March
1972. Data from the Indian Point Ecological Study began in April 1972 and will continue into
1975, except for the seven Ossining stations which began in June 1972 and will be sampled
through 1973. Samples are taken weekly in daytime and biweekly at night. Seining is car-

ried out on a 24 hour basis with the biweekly sampling.

Through this entire data set, catch/effort indices are being caléulated separately for
age groups 0-I, I-II, and II+ in white perch; and for age groups 0-I, I-II, and II-III for
striped bass based on length frequency data. Verification of this age specific breakdown of
catch effort data, and possible extension of identification to older age groups of white perch

will be effected through scale sample age data,

’ Much of the data can be subjected to factorial analysis of variance in balanced designs
which provide powerful discrimination of changes in relative abundance of the fish popula-

‘ tions. Although the inherent variability of the data is high, sample sizes are large, several




important sources of variability are accounted for in the sampling design, and a number of
physical and chemical parametcrs of the environment have been measured concurrent with

the fish catch/effort data.

The importance of sample size and sources of variability accounted for in the sampling
design can be considered simultaneously by examining the form of variance analysis to which
the data will be subjected. Catch effort indices of abundance of 0-I age fish, for example,
could be assembled according to the analytical design shown in Table 3. This table assumes
the availability of data from 6 years, 4(1969, 1970, 1972, 1973, 1974, 1975), from 7 stan-
dardized stations, sampled during 25 different weeks (seasonal effects) at surface and bot-
tom, utilizing 2100 different trawl samples in total. It should be noted that such an analysis
is only one of many possible, and that the number of catch/effort samples will be much
greater than 2100 by the conclusion of the Indian Point Ecological Study. The analysis is a
formal statistical device for partitioning the total variation among catch/effort data into
components attributable to years, different sampiing locations (stations), different seasons
of the year (weeks), and different depths in the estuary. Also partitioned out are the com-
ponents of variation attributable to interactions among these four main effects (e.g. Yx 8
= interaction between Years and Stations). An example of an interaction between years and

stations would be an upward trend in catch/effort values over a period of years at some sta-

tions, accompanied by stable values or a downward trend from year to year at other stations.

If no interaction is present, the year to year trends would be the same for all stations even

though the average values of catch/effort might be very different from one station to another.

All the main effects and interactions are of value in understanding the fish populations
of the Hudson estuary and the impact of the power plant upon them. The changes in catch/
effort among years is of greatest significance, howéver, in assessing the impact of Indian
Point Unit #2, Note that variance analysis clearly separates the changés from year to year
from other sources of variation, and also removes the variation due to the main effects and
interactions listed in Table 3 from our sampling error. Sampling error may be thought of
as the background '"noise" in the datai If the "noise" level is high (large sampling error), it
is difficult to detect real changes in the fish populations, such as those due to any added
impact by Unit #2. As the "noise" in the data is reduced, it becomes possible to detect

smaller differences in catch/effort attributable to identifiable causes, such as years or
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Table 3. - General form of variance analysis of catch/effort data for Hudson River
. fish populations. Example based upon data from 6 years x 7 stations x 25
weeks x 2 depths.

Source of Variance Degrees of Freedom F o5
‘ . Years 5 2,22
| Stations 6 2,11
Weeks , 24 . 1.53
‘ " Depths 1 3.85
. YxS 30 1.48
SxW . 144 1.24
YxW 120 ] 1.27
YxD ' 5 2.22
SxD 6 2,11
WxD ) ' 24 1.53
YxSxW 720 1.14
YxSxD 30 1.48
@
| SxWxD _ - 144 1.24
YxWxD 120 1.27
Error ' 720 —
Total 2099

sampling locations. The form of the data being obtained at Indian Point allows extensive
refinement of the sampling error and sensitive discrimination of changes in the fish popula-
tions. Experience in treating quantitative samples from populations of stream dwelling
invertebrates - among the most notoriously variable of biological field data - with similar
analysis of variance designs has shown that sampling error can be adequately controlled
and population changes large enough to be of practical significance can be readily detected,
‘ In the case of the striped bass population of the Hudson River, a sudden decrease of 30 to
50 percent in year class strength has been predicted by the AEC Staff and Intervenors as a
. result of operation of Indian Point Unit #2, Thus it is not a small and subtle change which

the biological monitoring must be able to detect.
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Various physical and chemical parameters are measured at e,ach of the catch/effort
sample stations. These may affect the abundance of fish in predictable ways, allowing
still further refinement of sampling error through analysis of covariance, and further
identification of significant causes of variation in fish populations. For example, year to
year variations in salinity might cause changes in abundance of fish which could be confused
with changes due to initiation of opération of Unit #2, Through analysis of covariance, it
would be possible to remove effects due to salinity from other effects (such as power plant

operation) associated with years,

Table 3 summarizes the example variance analysis discussed above, The "degrees
of freedom' are a measure of the number of observations relevant to each source of vari-
ance. The column F g5 gives the ratio of variance caused by a particular identifiable
source (Years, Weeks, Y x S, etc.) to variance due to sampling error, as required for
statistical significance at the [05 probability level. For example, variance among years
mﬁst be at least 2.22 times as great as sampling error to be judged significant at the .05

probability level.

Estimates of sampling error from trawl and seine catch/effort data collected during
1972 indicate that the standard deviation for a single haul approximates the. vaiue of the
mean (Table 4). Because critical comparisons of catch/effort data in evaluating the impact
of Unit #2 will be based upon large numbers of samples, drawn from different sampling
stations, weeks, etc., the precision with which means for individual years will be estimated

will be high, For example, a mean catch/effort of 10, with a standard deviation of 10, and

based on a sample size of 100 trawl hauls, would have a standard error of 1.0.




Table 4. - Estimates of sampling error for catch/effort data for August - September
’ 1972 from the Indian Point Ecological Study. n = sample size; ¥ = mean

catch/effort; S; = gtandard error of the mean; S = standard deviation,

Striped Bass White Perch
Gear _li X S;(- S i X S; S
20 8.25 1.69 7.55 20 8.25 3.01 13.45
Beach 8 8.00 3.63 10,27 8 19.38 7.89 22.33
Seine 20  6.85  1.51 6.75 20  19.05  3.71  16.58
5 2.40 0.00 0.00 5 6.20 0.00 0.00
14 0.29 0.11 .41 14 2,21 0.34 1.27
Bottom 14 0.59  0.13 .49 14 6.42  0.58 2.17
Trawl
7 0.00 - - 7 0.67 0.00 0.00
Surface 14 0.00 - - 14 0.07 0.03 0.11
Trawl
S 10
S-=— = —— =1.0
X o V100

A conservatively small sample size is chosen for this example to emphasize that pre-
cision Will be high even for means calculated within subsets of the overall matrix of catch/
effort data. In the example given here the true mean catch/effort may be inferred to lie
within the range y + 1.98 Syor 10 +1.98 unless a 1 in 20 chance event has occurred in
sampling. Another Way of expressing the precision of the data is to say that a 95 percent

probability exists that the true mean catch/effort lies within the range 8.02 and 11.98.

Catch/Effort data are known to be biased in such a way that comparisons of abundance
among all size groups or different species of fish cannot be made directly. The mark-re-
capture work carried out in 1972, 1973, 1974, and 1975 will prbvide a basis for correcting
the Catch/Effort data for these biases, with the result that the relative abundance of different
size and age groups of white perch can be determined, and within the younger age groups the

relative abundance of white perch and striped bass can be accurately determined,
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In addition to the main body of data treated in some detail above, two additional sources
of information which provide some comparisgon of past conditions within the fish populations
of the Hudson River exist. First, trawling stations have been established in the current
Indian Point Ecological Study which correspond to some of the stations sampled in the
Cornwall study in 1965 - 1968. Secondly, ancillary information is available from fishery
studies on the lower Hudson by biologists from QLM, Vassar College, Dutchess Community
College, Boyce-Thompson Institute, and New York Department of Environmental Conserva-
tion. While relevant to our assessment of fish stocks in the Hudson, this second group of

studies does not integrate directly with the design of the Indian Point Ecological Study.




IIB. Mark-Recapture Population Esgtimate

Unlike the catch/effect data which are indices of relative abundance, the mark-recapturce

methods provide estimates of absolute numbers in the population. This method of estimating
population size by marking some members, distributing them among the body of the popula-
tion, and subsequently withdrawing a sample to determine the proportion of the population
marked, dates back to the latter years of the 19th Century in fishery work (Petersen, 1896).
It has been applied to fish populations in almost every conceivable situation - small streams,
large rivers, ponds, lakes, high seas. The same method is used to estimate the North

American continental duck population, and has been applied to insect and mammal populations.

The basic method has been elaborated and adapted to a variety of complex situations,
including the occurrence of mortality, emmigration, and recruitmént within the population
being estimated (Ricker, 1958; Delury, 1947, 1951, 1958; Chapman, 1952, 1954), The same
principles underlie the téchnique in the many forms used today. For example, assume that
1000 Age Group O striped bass are marked and released alive in the Hudson estuary in the
vicinity of Indian Point. In subsequent trawling operations 2000 striped bass of the same age

are collected, of which 32 are recaptures of the previously marked fish. We then reason:
(1) 1000 marked fish are at large in the population

(2) our subsequent sample indicates that 32/2000 = 1. 6% of the total population are

marked fish

(3)  therefore the total population in the locality under study must consist of -
2000 + 016 = 125,000 fish

The basic assﬁmptions underlying the valid application of thié method are given by
Ricker (1958 p. 86). These have been examined during the fish collecting, marking, and
field trial work of 1972 at Indian Point in preparation for full scale mark-recapture estimates
of the white perch and striped bass populations in 1973 and succeeding years. The only basic
assumption which has been problematic is that marked fish be distributed at random in the
population. However, by reintroducing marked fish to the pdpulation in proportion to the

abundance of the population in different habits (as determined from trawling data and possibly




from echo-sounding) and by distributing recapture fishing effort proportionally across all
segments of the population, this requirement for the valid use of the mark-recapture method

can be fulfilled.

The developmental work of 1972 has already proven that large numbers of young white
perch and striped bass can be successfully marked and released in healthy condition in the
Hudson River estuary to provide a basis for estimates of population size. Tentative plans

are to proceed with this method full-scale in 1973.

Separate population estimates will be made for different age groups and size groups

of fish, and for zones extending various distances from the Indian Point power plant.

Through use of differential marking in different zones of the estuary, the origin of
fish collected oﬁ intake screens at Indian Point can be determined. At present it is not
known whether a very local area or an extensive area of the estuary is affected. Until
reliable estimates of the absolute abundance of fiéh during the first twelve months of life are
available, no accurate basis for assessing the importance of impingement losées is avail-
able. The absolute numbers of fish collected from intake screens of the Indian Point plant
have been determined with suitable accuracy. What proportibn of the stock from the estuary
this loss represents can be directly determined from the population estimate data collected

in the ongoing ecological study. -

Collection of data from three successive years (1973, 1974, 1975) is important for

two reasons:

-

(@) The first year will represent the influence of Unit #1 plus no influence or minimal
influence of Unit #2 (depending upon the date of its activation); the second and
third years will reflect full influence of Units #1 and #2. |

(b) Survival rates can be calculated for those year classes of fish included in two or
more successive years' population estimates., Not only abundance of fish, but
also their survival rates (an important component of population turnover rate)

are important in assessing an increment of mortality, such as expected from




operation of the Indian Point power plant, In addition to their direct use in
‘ agsessing ecological impacts, these survival rate estimates will be most useful

in "tuning' the parameters of the population dynamics model developed by QLM.

Because of greater abundance and vulnerability to collecting gear, the most precise
. population estimates will be obtained for the younger age groups of fish. It is planned to
estimate the number of Age Group O and of Age Group I striped bass and white perch present
in areas of the Hudson River adjacent to Indian Point. The best estimates will be for Age
Group O in the fall. We anticipate being able to discriminate a 25 percent change in

abundance of these fish at the 5 percent probability level.

Estimates of absolute abundance of the fish stocks of the Hudson estuary are considered
to be of great importance in assessing the ecological impact of the Indian Point power plant.
Accordingly, during the initial planning of the Ecological Study an alternative to the mark-
recapture method — the catch-removal method of estimating absolute population size — was
defined for use in the event that mark-recapture procedures were unworkable. The catch-
removal alternative is incorporated in the time flow-diagram of Appendix A. It consists of
intensively fishing representative habitat types in the Hudson estuary with experimental gear
and commercial gear under contract and xlemoving all fish caught during a short interval of
intensive fishing effort. The decline in catch-per-unit effort is plotted against cumulative
catch and the regression line fit to the data is extrapolated to 0 catch-per-unit-effort, at
which point the corresponding value for cumulative catch is an estimate of total population
size for the area fished. The estimates for a selected set of '"typical' Hudson estuary sampling
plots would then be expanded to an estimate of fish population size for the entire estuary, or

major regions thereof,

Developmental work on population estimation techniques indicates that the mark-recap-

ture method will yield usable data, and the use of the catch-removal alternative is not now

envisioned.




IIC. Combined Use of Catch/Effort Data and Mark-Recapture Population Estimates

During 1973, 1974, and 1975, catch/effort data will be collected in the same time
periods and localities in which the mark-recapture population estimates are made. A
relationship between these two types of population data can be developed where the two are
collected in parallel, and this relationship can be applied to the catch/effort data of earlier

years (1969, 1970, 1972) to calculate approximate values for absolute abundance of fish.

IOD. Egg Deposition and Pelagic Larvae Estimates

Additional estimates of the size of white perch and striped bass populations, com-
pletely independent bf the mark-recapture work described above, will be made by estimating
total egg deposition and abundance of the pelagic larvae for each species, and reconstructing
(with the use of age structure, sex ratio, sexual maturation, and fecundity data) the adult
population size required for the spawning observed. While the promise of success of mark-
recapture population estimates rising from work to date makes these estimates based upon
egg deposition less critical, they nevertheless will constitute a valuable independent check
on the mark-~-recapture work, and increase overall confidence in our assessment, of fish
population size. Evaluation of our present development of methods indicates that in 1973 a
good estimate of the white perch population can be obtained through the egg deposition
method. A preliminary estimate will be obtained for striped bass in 1973, and refined

estimates of the size of the striped bass population would be expected in 1974, and 1975.

The estimate of striped bass éggs, and both striped bass and white perch larvae will
be made using improved collecting gear and appropriate stratification of samples in time
and space to provide population estimates applicable to the Indian Point region in particular,

and the entire main spawning area of striped bass in the Hudson estuary.

Egg densities of striped bass and white perch will be corrected to daily deposition
rates/m (see Edmondson, 1960) and summed over the season for 10 stations spanning
river miles 40 to 59. The areal deposition rates (eggs/m / day) will be compared for a
first approxiination of the importance of the various areas for spawning of both species.

The striped bass densities will be derived from plankton data due to the pelagic nature of




their eggs, while benthic grabs will be used to obtain the demersal white perch eggs. The
white perch egg data will then be applied to population parameters (éex ratio, age structure,
and mean eggs per female) to derive an estimate of the total population in this area by an
application of "backwards' population dynamics. Because mature females go into the
breeding season with their full compliment of eggs and no rejuvenation of ovaries or eggs
occurs during the breeding season, the observed decrease in mean female eggs per female

from time to to t_ in the population is a direct estimate of m, (the mean number of female

1
eggs produced by a female in a unit of time)., A unity sex ratio is assumed, and the m_
value is multiplied by two and divided by the number of days between sampling for an
estimate of the daily egg production rate (eggs/female/day). Parts of the two ratios _

2
cancel to yield females/m™ (eggs /mz/day and eggs/female/day).

The Computational methods for working back from a given egg“ complement — through
intermediate data on age at sexual maturity, sex ratio, fecundity, and age frequency distribu-
tion — to estimate the size of fish population required to produce the observed spawning,

can be readily deduced from the data array of Table 1.

In addition to their use in estimating total fish population size, estimates of eggs and
pelagic larvae are of prime importance in calculation of survival rates as explained in

Section IV,

IIE. Summary of Estimates of Population Density

The temporal sequence of the various population density estimates discussed above and
the life history stages to which they pertain are summarized in Table 5. Four years of
observation prior to activation of Indian Point Unit #2 and two years following activétion are
included in the data. Five different life history stages during the first 15 months of life,

plus some data from Age Groups II, III, and IV are represented.

For striped bass estimates of eggs spawned would be made during‘the period May 9 -
- June 17; the Juvenile II's — screenable fish between 2. 0 and 3. 8 inches in length — would be
estimated between midsummer and fall; Juvenile IIl's, overwintering fish 3-4 inches in length,

would be estimated in spring. The best estimates for older fish would be obtained in summer

and fall.
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Year

1969

1970

1971

1972

1973

1975

Impingement

Table 5. Population Data for Assessment of Impact of Indian Point Unit #2 Upon
Population Density of Striped Bass and White Perch in Hudson Estuary

Power Plant
_Impact
Unit #1 Unit #2
Entrainment
Impingement None
Entrainment
Impingement None
Entrainment
Impingement None
Entrainment
Impingement None
Entrainment
 Impingement Impingement
Entrainment Entrainment
Impingement Impingement
Entrainment Entrainment

Impingement

Eggs

S > &

Larvae

& > <>

Data on Fish Populations

Age Group 0
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Legend for Table 5

Raytheon — Trawl Catch/Effort — Unit 1 effect only
Texas Instruments — Trawl Catch/Effort — Unit 1 effect only*

Texas Instruments — Trawl Catch/Effort — Unit 1 + Unit 2 eff'eé-t-:

Raytheon — Seine Catch/Effort — Unit 1 effect only
Texas Instruments — Seine Catch/Effort — Unit 1 effect only*

Texas Instruments — Seine Catch/Effort — Unit 1 + Unit 2 effect

OO PbBP

Texas Instruments — Mark Recapture population estimate — Unit 1 effect only

L] [

Texas Instruments — Mark Recapture.population estimate — Unit 1 + Unit 2

effects

Texas Instruments — Population estimate eggs and larvae — Unit 1 effect

only

&> <>

Texas Instruments — Population estimate eggs and larvae — Unit 1 + 2

effects

* Impingement effects of Unit #2 if operational during last half of 1973.




'The appropriate contrasts of fish abundance before and after activation of Unit #2 are

‘ obvious from Table 5. In statistical analysis, variability among the '"before Unit #2'" years

and among the "after Unit #2'" years can be separated from density changes associated with
the activation of Unit #2, The potential problem in using density changes alone lies in the
large variations in year class size typical of striped bass and white perch. Fluctuations in
population density caused by natural environmental variation, could, if not accounted for in
the data, obscure or be confounded with effects of Unit #2. However, in the Indian Point
Ecological Study a large number of physical, chemical, and biological parameters are being
measured along with the fish population estimates. Examples are salinity, temperatur.e,
freshwater flows, turbidity, water currents, dissolved oxygen, pH, carbon content, plankton
populations, benthic invertebrate populations, and indices of abundance of other species of
fish. Among these environmental variables it is expected that one or more will be important

predictors of year class strength in striped bass and white perch.

Freshwater flows have been shown to account for 85 percent of the variation in year

class strength of the San Francisco Bay striped bass population over a six year period

' (Sommani, 1972). Reduction of suitable spawning areas, low egg and larval survival rate, |

decline in food availability, or some combination of these are believed to be the proximate
causes of low striped bass production in years of low freshwater flow. Similar relationships
with these or other environmental variables will be established for the fish populations of

the Hudson River. These components of variability will be differentiated from that caused

by the operation of Indian Point Unit #2 through regression analysis. This will substantially
reduce the fendency for naturally occuring variations in year class strength to obscure real
impacts upon fish populations by the power plant, or to create spurious indications of adverse
effects of plant operation through the chance occurrence of adverse natural conditions, coin-

cident with start up of Unit #2.

Some important relationships among the different population data being collected for

the Hudson Estuary fishes, are:

1. catch/effort data extend over the longest span of years; include the largest number

of age groups of striped bass and white perch; and include comparative indices of



relative abundance for other fish species. TFor maximum value catch/effort
data must be corrected for size and species selectivity by utilizing data collected

during mark-rccapture studies.

2. catch/effort data for all years can be used to calculate approximate values for
absolute size of fish populations by the use of conversion factors developed from
those years in which catch/effort data were collected concurrently with mark-

recapture population estimates.

3. mark-recapture data provide direct estimates of absolute abundance of fish. These
estimates will be available from the three study regions and from 1973, 1974,
1975. The recapture on the water intak.e screens of the Indian Point power plant
of fish differentially marked in zones of increasing distance from the plant will
provide direct estimates of the fraction of the fish population in each zone which

is impinged.

4. - estimates of the numbers of eggs spawned in the Hudson by the striped bass and
white perch populations will provide a basis for calculation of the size of the
parental stocks, and associated age groups of immatures. This reconstruction

of population size will be used to verify the mark-recapture estimates.

5. measurements of important environmental variables concurrently with fish
population estimates will be used to account for the naturally occuring fluctuations
in fish population size which tend to obscure the true effects of power plant

operation.

OI. ENTRAINMENT STUDIES

New York University is responsible for entrainment studies at Indian Point.

The biological significance of aquatic organisms being drawn or attracted into the
intake canal is being quantitatively determined by measuring the horizontal and vertical
distribution of planktonic organisms on a diel basis, applying these densities to the actual
water mass subject to entrainment on a diel basis, comparing these theoretical entrain-

ment values to observed densities of entrained organisms, and finally establishing the
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immediate and delayed effects of entrainment (passage) of non-screenable organisms
through the condensor system of the plant. Quantitative sampling is being done in the
river, intake bays and discharge canal during all seasons of the year. Survivorship
and behavior of zooplankton and fish larvae are immediately compared to see if any
statistically significant differences are observed between the control group (intake
bays) and the treated group (discharge canal) which passed through the condensor coils.
In addition, a series of experimental laboratory studies are keyed to combinations of
AT, chemical discharges, and residence times through the system produced by various
plant operational schemes. Effects measured are lethal, behavioral, and reproductive
for zooplankton; lethal and behavioral for fish larvae; and photosynthetic capability, |
chlorophyl concentration, and cell damage for phytoplankton. Studies include sequential .
trials, trials of different size groups of key species, and multi-species trials. When

possible, all life history stages of each organism are studied
IV. MORTALITY AND SURVIVAL RATES

Collections of white perch and striped bass obtained from the standard trawl and
seine stations are separated into four size groups (<50, 50-125, 125-250,> 250 mm) and
15 individuals of each size (if available) are randomly picked for age determination by
scale analysis. Both species show clear annuli and can be aged quickly and reliably so

that relative age structure can be determined.

Both data on relative abundance of successive age groups, as obtained from catch/
effort study; and data on absolute abundance, as obtained from mark-recapture, egg‘
deposition, and fish larvae estimates, can be used as a basis for calculating mortality

rate, and its complement, survival rate.

For striped bass the life history stages upon which survival rates are based are
those defined in the October 30, 1972 testimony of John P. Lawler. The egg stage is de-
fined as lasting 1.5 days and eggs are present in the Hudson estuary from May 9 to June 17.
The larval stage lasts about 28 days (from hatching to a length of 3/4 to 1.0 inches) and
larvae are present in the Hudson from May 10 to July 8. The Juvenile I non-screenable stage
(J) lasts 30 days. Jj striped bass are present from May 31 to August 7. The Juvenile II
stage (Jyp includes fish from 2. 0 to 3.3 inches long, present between June 30 and Decem-

ber 1, and subject to impingement. The Juvenile III stage includes overwintering fish,
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3 to 4 inches in length, present between December 1 and May 9. Survival rates available

from the different life history stages are summarized in Table 6.

Table 6. - Survival rate estimates available for striped bass and white perch in Hudson

estuary. See Table 5 for summary of methods of estimation.

Life History Stage Year of Survival Estimate

Egg - Larvae 1973 1974 1975

Larvae - Jpg 1973 1974 1975
- 1974 1975

JII J]II 1973 97 5

J__ - Age Group I 1969 - 70 1972 - 73 1973 - 74 . 1974 - 75

oI

Taking the data from the entrainment studies together with the survival data based on

population estimates, the following sequence of calculations will be carried out:

@)
) @
&)

}

4

(5)

(6)

(7

the number of eggs spawned in the estuary;

the size of the larval population;

from the entrainment study, the density of eggs and larvae in the immediate

vicinity of the power plant water intake;

from (1), (2), and (3) the fraction of the population of eggs and larvae sub-

jected to the influence of the water intake;

»

from the entrainment study, the number of fish entrained and the number

passing alive through the cooling system - hence the survival rate for en-

trained fish; these data will be integrated with those from laboratory studies

of the impact of the physical-chemical conditions of entrainment upon young
fish;

from (1), (2), and (5) the fraction of the population killed during early life

history stages by entrainment;

from (1), (2), and estimates of J1, JIgI, and Age Group I fish obtained from

mark-recapture and catch/effort studies, the total mortality rates for each
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guccessive stage of the early life history; development of a survivorship curve

will allow some uscful interpolations, as for the Jy stage;

(8) from (6), and (7) by the use of standard actuarial calculations for survival under

exposure to competing risks of death, the survival rate for each early lifc

history stage in the absence of the operation of the power plant (note that Unit

#1 and Unit #2 effects can be treated separately here and both can be differen-

tiated from background natural mortality);

(9) from (7), and (8) the decrease in survival during the early life history due to

operation of Indian Point Units #1 and #2.

These calculations of the fraction of the year class affected by entrainment are not

sensitive to the natural fluctuations in year-class strength which complicate interpretation

of population density changes. Entrainment affects a certain proportion of the fish population
and is primarily a function of the fraction of the estuarine water withdrawn bjr the power
plant cooling system. Appropriate allowance for non-random distribution of the fish and
avoidance capability of the juveniles must be made, but again these phenomena are not be-

. lieved to change because of year-class size.

The magnitude of natural mortality varies from year to year in the early life history
stages, but is always quite high. The variations do influence the combined natural and

power plant induced mortality, but the relationship can be predicted as in step (8) above

The spatial distribution of spawning and surviving young fish may vary, especially as
a function of volume of freshwater discharge in the Hudson, and correlated physical and
biological conditions. Such phenomena are causally related to variations in year-class size.
The spatial distribution of early stages of striped bass and white perch would influence the
fraction of each year-class exposed to entrainment. By utilizing the population data dis-
cussed above in the model of the Hudson estuary striped bass population developed by John

. Lawler of QLM, the effects of any observed or postulated change in spatial distribution of

spawning fish and early life stages of the progeny on the entrainment phenomenon can be

' readily predicted.

|

|

for any observed or postulated natural mortality rate.
|
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In fact, the most meaningful way to evaluate the impact upon fish populations of the
Indian Point power plant is to integrate the data from the Indian Point Ecological Study and
the studies of New York University and Quirk, Lawler and Matusky in a dynamic simulation
model of the ecosystem. The second generation model will not be deterministic as is the
present Lawler model - that is it will not be restricted to exploring the performance of the
fish population in an assumed "unchanging' environment. Rather, the fish population
parameters will change in response to environmental variables which are represented in
the model. The functions which translate environmental changes into changes in fish popula-
tion parameters are being described in present field studies. The natural pattern of varia-
bility in environmental factors to be represented in the model is being determined from
current field studies and from past studies of the Hudson estuary and similar estuarine

environments,

The simulation model is simply a device for assessing the outcome of joint operation of
the many population phenomena described individually through the field studies. This com-
prehensive assessment of an integrated biological system to impact is complementary to

assessments of the individual population phenomena empirically studied in the field.

Criteria for Assessing Impacts on Fish Populations

Based upon the population data detailed in this testimony, the following criteria for
assessing the impact of Indian Point Units #1 and #2 upon populations of striped bass and
white perch are established. Each criterion is stated in terms of the symptoms of adverse

impact.

(1) Decline in density of Juvenile II, Juvenile III, and Age Group I fish coincident
with startup of Unit #2 and not accounted for by changes in egg production by

parental stock or by natural environmental fluctuations.
(2) Large fraction of the population of eggs, larvae, or Juvenile I fish entrained.
(3) High mortality rate of entrained organisms.

(4) Substantial reduction in survival rate from egg stage to Juvenile II, etc. accounted

for by entrainment,

(5) Substantial percentage of stock from significant area of estuary impinged on intake

gcreens.

33



(©6)

(7)

(8)

®)

(10)

Lack of compensatory increase in survival rate among Juvenile Il and Juvenile III

fish following fulfillment of criterion (4).

Lack of compensatory increase in survival rate among Juvenile III to Age Group I

fish following fulfillment of criterion (5).

Increase in growth rate of fish. Note that increased growth rate is both a classical
indicator of a substantial decrease in stock density (hence an indicator of adverse
impact) and a compensatory response to reduction in density (hence an indicator

of some capability of the fish stock to sustain itself in the face of increased

mortality).

Attainment of sexual maturity at an earlier average age. The note in (8) above.
identifying the criterion as an indicator of both adverse impact and compensatory

capability of the population applies here as well.

Continuing decline in population size or stabilization at an undesirably low level
following a period of decline, as predicted by a simulation model of the fish popula-

tion which integrated the empirical data from the ecological studies.

V. BIOLOGICAL CHARACTERISTICS OF FISH POPULATIONS

Racial Composition
Food Habits

Age Composition
Growth Rate

Reproductive Rate

Identification of sub-populations and study of ecological relationships of major fish

species will be completed by April 1, 1973 and October 1973, respectively. These two

studies will provide additional information on the resident or migrating nature of the sub-

‘ populations (vital to estimates of population size) and their respective food habits. The

report on this phase of work is to be completed by May 1, 1974.

‘ The study of biological characteristics and health of fish populations will reach full

scale in April 1973 and continue until January 1, 1976. This is a continuation of efforts
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begun in 1972, which will provide information as to the age and growth of fishes in the area,
sexual maturation, sex rate, fecundity and any possible effects by the once through cooling
employed at Indian Point. Data of very high precision are being obtained in this part of the
study. Many of the important uses of these data in reconstructing the dynamics of the fish

populations have been described in the preceding sections.

Changes in age composition, growth rate, age at first sexual maturation, and fecundity
are classical indicators of important changes in the mortality experience of fish stocks. The
first two of these tend to have a historical character, often being detectable in the fish pop-
ulation for some time after their first occurrence. Additional comparative data on age
composition and growth rates predating 1969 is available from New York University studies
and from the New York Conservation Survey of 1936. All of these population parameters,
when closely monitored, are useful in predicting population decline in advance of critical
depletion. The first report of this phase 6f the work will be completed by May 1, 1975. The
data are being collected and analyzed in such a wéy as to provide continuous monitoring of
the fish populations with minimal lag time between field collection and examination against

previous population trends.

V. IMPACT OF THERMAL AND CHEMICAL EFFLUENTS ON ESTUARY

Measurements of the physical-chemical correlates of biological parameters are being
made starting with April 1972 and continuing until January 1, 1976. It is essential that this
information be gathered as supporting data relating to the condition, behavior and distribu-
tion of fish life. This information will be analyzed and factored into the final report issucu

from the study.

Thermal studies, attraction of fish to the discharge canal, infra-red mapping of
thermal plume, acute and chronic effects of temperature on survival and behavior of fish
and benthic invertebrates will be investigated during the period from April 1, 1972 to
October 1, 1975. These studies are important to the success of the overall program but
are not considered as critical in time as the populaticn estimation part of the program.
Studies of thermal preferences and the impact of thermal shocks on fish and invertebrates
can be carried out simultaneously in the facilities available, and are planned for completion

in 1973. They require a full year of effort due to seasonal changes in reactions of the



organisms. The temperature avoidance study, which also required one year to complete,
will be carried out in calendar year 1974. Assay of chronic temperature effects through
study of biological energetics will require two full years for completion. This work will

extend through 1974 and 1975,

The biological significance of thermal and chemical discharges from the plants will be
determined by establishing the rate, quantity, and distribution of these discharges, and
comparing these to the densities and distributions of zooplankton, phytoplankton, fishes,
and benthos in the study area on a seasonal basis. The population dynamics, turnover
rates, productivity, and species diversity of plankton organisms are being determined and
will be used to evaluate the significance of any observed effects on the ecosystem. Energy
budgets will also be used to evaluate the effect of predicted thermal discharges on secondary
production rates of selected fish and benthos. These rates will be determined through lab-
oratory experiments. Additional laboratory experiments will be performed to determine
the acute and chronic effects of temperature on the life stages of key aquatic species, the
effect of temperature on the behavior of these organisms, the upper and lower temperature
tolerances of these organisms, and the relationship of these data to plant operations.

Finally, the significance of attraction of fish into the effluent canal will be evaluated.

Computer simulation, hydraulic modeling, aerial infrared measurements at all tidal
stages (correlated with control measurements in the river), and a 25 station thermal grid
are béing used to derive the intensity and extent of thermal discharges (Units 1 & 2 and a
prediction of values for Units 1, 2 and 3). Thermal infrared imagery will be collected

during four overflights to coincide as close as possible to the major phases of the tidal cycle
(e.g. high and low 4slack, maximum ebb and flood). These overflights will be replicated
with Unit 1 operating alone, Units 1 and 2 together, and Units 1, 2, and 3 as a battery, The
thermal imagery will be used to compile isothermal maps with 1°C contour intervals from .
Stony Point to Annsville Creek and to verify the hydraulic and mathematiéal model predic-
tions (along with the thermal grid data). Plant production records provide data on the fre-
quency of chlorination, concentrations and durations by season as related to organic build-up
in various water passages, and efficiency losses in order to establish the minimum amounts
of chlorination that are absolutely necessary. Physiczil and chemical parameters are being

measured in the intake bays and effluent canal and also at thiee transects (Figure 1.): one
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from Verplanck southwest to Stony Point, one from Jones Point to Peckskill, and the third,

a Y-shaped transect, at Indian Point. Each transect includes a main channel (deep) and a
bay area (shallow) which allows for evaluations in different habitats. The northern transect
serves as the control and the southern will show the effects of passing through the plant's
influence. The middle transect is designed to sample close to the nuclear facility itself.
The physical-chemical measurements (along with previous data) will define those physical
and chemical properties of the estuary which have important influences on the biota. The
end result of this measurement program will be an atlas, which presents a multidimensional
picture of the pertinent variables in the Indian Point area of the lower Hudson River. This
reference will serve as a data base, in a readily usable format, which will allow investi-
gators to quickly recognize the onset of unusual conditions of water quality. Current
velocity (as a function of season and wind conditions) is being measured with depth for six
tidal cycles spanning one lunar month. Dissolved ion ratios are being measured to ascertain
the location of the migratory "salt-wedge'' which'is a critical factor in several species® dis-
tributions. These data, along with temperature and-specific conductivity, are used to define
"salinity'. Dissolved oxygen is measured to assist in the identification of water inputs that
degrade water quality and will be included in the atlas via a grid system as will pH. Turbi-
dity is also included because of its relationship to photosynthesis. Inorganic and organic
carbon are monitored as indicators of organic pollution and because of their relationship to
secondary production of filter feeders and dissolved oxygen levels. Chlorine demand,
residual chlorine concentrations, and organo-chlorines are also measured as a direct chemi-

cal perturbation,

Fish density and distribution data come from the étandard stations, catch per unit
effort program (beach seines, bottom and surface frawls) and are supplemented by the sonar
echo integration studies. If the latter technique proves reliable, a very thofou_gh small scale
dispersion analysis will be made. The benthos densities are being enumerated via replicated
Petersen bottom grabs while macro and microplankton densities are derived from appropriate

sized plankton nets.

Laboratory experiments will be performed to establish the influence of ambient and

elevated water temperatures on the physiology of key fish species. The temperature at which

these species suffer equilibrium loss and death will be defined (i.e. thermal tolerance studies).
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The effects of short term exposure to "shock' temperatures (above or below ambient) will
also be determined. A bioenergetic budget (see Warren and Davis, 1967) will be determined
to define the chronic effects of temperature on key fish species. Measurements of internal
energy transfers and utilization at specific temperatures will be used (food consumption, as-

similation, active respiration, and growth).

Key benthic invertebrates will also be subjected to temperature tolerance and shock
experiments and will be used to determine the long term effect of temperatures experienced
in the effluent canal and discharge areé on life table processes and growth rates. In addition
these species will be used for in situ cage experiments comparing long term survivorship
in the intake and effluent canals. Laboratory findings from temperature preference and
avoidance experiments of white perch and striped bass will be compared with field results
(fish and temperature distributions). Pertinent temperatures for these experiments have
been chosen from actual or predicted temperatures for the Ind ian Point area of the Hudson

River (ambient and changed by plant operations).

The significance of attraction into the effluent canal andlfplume area is primarily
directed at fish species., Fish traps, beach seines and electro-shocking are used to provide
data on species composition, abundance, size, age, fecundity, and general condition in these |
areas. These are supplemented by the sonar studies. Temperature profiles are determined
to verify the extent and location of the thermal plume itself. Similar data from Objective 1
(catch per unit effort) are used for comparative purposes. The results of the laboratory
experiments on temperature preference and avoidance will be compared to aggregations of
fish found in the effluent canal and plume area. A fish tagging program in the discharge
canal and plume area will be used to determine residency periods and local dispersal.

Tagging procedures will follow those found most efficient in the population dynamics studies.

Survival experiments will test the immediate effects of chlorine dosages routinely

added by plant operations to fish residing in the effluent canal,

VII. FEASIBILITY OF STOCKING PROGRAM

The feasibility of stocking juvenile striped bass to mitigate losses caused by plant
operations will be determined by thoroughly investigating the technology and economics of

existing hatchery programs, The federal striped bass hatchery at Edenton, North Carolina
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will be used in this analysis as will the Washington State salmonid hatchery system that
presently replaces salmonid losses due to public hydroelectric dams with hatchery reared

fish.

A cost-benefit analysis will then be made that will also include developmental, engineer-
ing, siting and operational costs of a striped bass hatchery on the Hudson River. If this analy-
sis shows that such a hatchery would be feasible, a test hatchery would first be built to
discover possible unforeseen problems and to prove the technological feasibility, followed
by the actual hatchery upon completion‘of satisfactory testing. Such a system would be
scientifically advantageous in providing an excellent source of markable fish for total popu-
lation estimates of the striped bass in the entire Hudson River estuary, migration patterns,

survivorship, etc.

VII. REPORT COMPLETION AND IMPLEMENTATION SCHEDULE

All of the foregoing phases of the study program will be integrated into a final report
on fish populations and impact of once-through cooling. This latter report is to be issued in
June 1976, This integrated report will then be made available to the consulting engineering
firm of Quirk, Lawler and Matusky Enginéers, for further evaluation and preparation of a
report on cumulative effects of Indian Point Units 1, 2 and 3, Bowline Units 1 and 2 and
Roseton Units 1 and 2 on the striped bass population of the Hudson River. This latter report
is scheduled for completion on January 1, 1977 énd would complete the biological program
evaluating the impact on the Hudson River fishes of once-through cooling at Indian Plomt and

other indicated generating stations.

Appendix B contains a schedule of tasks and times for completion of various phases of
work relating to the design and construction of cooling towers. This diagram shows the eco-
logical study integrated with the closed cycle cooling tower studies. These environ~menta1
studies associated with cooling towers include botanical, meterological, water quality, noise
and land use evaluations. The most critical in time is the meterological study which provides
a short period for development of study and setup of instrumentation followed by a twelve
month period for the collection of data. This would then be followed by data analysis and
integration of results with the botanical study. This is considered a very tight schedule.

The water quality, noise and land use studies are of a shorter duration and are not critical
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in establishing an overall completion date. These investigations would then be presented to

‘ the regulatory agencies for their review.

The Indian Point ecological study program results will be completed on January 1, 1977

and presented to the control agencies for evaluation. A period of four months is allowed for
‘ the agency review after which time it would be determined whether to proceed with the installa-

tion of cooling towers for Indian Point or the company would be allowed to continue with once-
through cooling. The date for this decision would be May 1, 1977 and would be made under
this alternative prior to the release for bids by Con Edison for construction work on cooling
towers. If the decision is that cooling towers must be built for Indian Point Unit No. 2, this
critical path of activity would continue and would lead to the final cutover to cooling tower

operation by September 1, 1981.
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APPENDIX A

‘ Indian Point No. 2 Ecological Study Program
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APPENDIX B

Ecological Studies Integrated With The Indian Point No. 2
Schedule for Design and Construction of A Closed Cycle

‘ Cooling System
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ATTACHMENT TO PROJECT PROPOSAL'

\

Objectives A S o

"To evaluate tha fecruitment of young etriped bass spawned in the
Hudson River and their contribution to the fisheries of New York, other
Middle Atlantic Statec and the New England States.

Jocation

,

‘Marine District of New York, including Hudson River and Long Island

Justiffcation

The apawning of ctriped baso in the Rudson River ia wcll documcnted

" but 1ittle ie known of the fate of the young bags that rcsult from the

spavning, Adult bass have been tagged in the Hudson and rccaptures of

. tagged fish cuggest thoy contribute to the commorcial catch in the coastal

waters of New England and Middle Atlantic States, including New York. -
It i3 belicved that young bass epawmed in the Hudgon may also contribute -
to these fisheries., These fisheries are of mnjor importance; in 1963,

. Now Yori's commercial fishermen ianded 1.5 miiiion pounds of striped bass

and ‘soveral times that amount were taken by sportsmen. The results of

- this study would pave the way for management of Hudson River-stocks of

striped baas. A R R L -

Procedurea

Backgxound Information"v

Although there have been numoerous studics of tho etripcd bass in
New York waters, many {mportant aspccts of ita bioclojy ard the fichery
remain unknown. The surf fishery has been investicated from Jones ¥nlet
to Shinnecock Inlet, but thore is l1ittle infoxmation ouvniliblae about the -
fishery {n other waters of Long Island. Furthecrmore, the rate of ex-' '
ploitation of striped bass tagged in Long Island waters has not becon
investigated. Vory little 18 known about the contribution of the ludson

" River Ftock to thae coastal fishory. To obtain knowledgo nceded to bettervg_x

ranage the striped bass, the Department of Environmental Conservation
propoeos to undertake a research program which will involve eeparato
concurrent studies. :
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1. A study of tho contribution of the lludson River otock
of striped bLass to tha coastal fishery. During each of the '
annual segmonts of the project, an attempt will be made to
tag 5,000 juvenile fishes which will be obtained by capture
utilizing a 500 foot haul scine. All rarking and/or tzpging
will be accomplisted using standard techniques. Additional
information on growth and survival of young-of-the-year and
juTcnile bass will be obtained. ' : |

2. Tho socond phase of the program will involve a study .-
of the rate of exploitdtions of ctripcd basa in tho coastal
waters of Long Island, with more emphasis being placed in
the\greator production arcas at the castern end of Long Island. _ _
In each year, an attempt will be made to tag 3,000 adult stxipad : o
‘bass in catches of cormercial haul -eeiners. ' oo - S

3. Estimates of the cateh of striped bass by oports fishere X
men in Long Island waters will be made using techniques specifi-
cally.designed to include surf anglers and.those utilising boats.

4. Although not collected through direct effort of the
project, all information relative to the commercial landings
of striped bass will be collated with that gathered for the .
gports fishery. These comparisons will assist in placing the =«
atriped bass fishery in better perspective and could thus P
help in providing tha background information required for ' -
.making adminictrative decisions on this important marine rosourca.

Publications E '_'; R ‘“ S ) ;;i» L

Project findings will be pﬁblisﬁed through tihel§ preég releiééb,_
articles in departmentzl magazines, other popular periodicals and
tochnical journals. R T e
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BEFORE THE UNITED STATES

ATOMIC ENERGY COMMISSION

In the Matter of

New York, Inc,

)
)
Consolidated Edison Company of ) Docket No. 50-247
)
(Indian Point Station, Unit No. 2) )

Rebuttal Testimony of
Dr. James T. McFadden, Dean
School of Natural Resources
The University of Michigan

on.

Effects of Indian Point Units #1 and #2
on Hudson River Fish Populations

February 5, 1973



Introduction

This Testimony consists of two main parts:

I.

II.

A brief criticism of the arbitfarily narrow focus which has been adopted by Staff and

Intervenors in evaluating the impact of the Indian Point nuclear power plant.

Within the focus adopted in the hearings, comments countering testimony by Staff and
Intervenors are offered in the following areas:

(@) operation of compensatory processes in marine fish;

(®) Dbelow average growth rates in Hudson River fish;

(c) discrepancies in estimates of striped bass abundénce;

() - deficiencies in analysis and interprefation of commercial fishery data by Staff;

() population response to increments of mortality and examples of recuperation of

heavily exploited fish stocks;

®) exaggeration of mortality estimates of young striped bass due to entrainment

and impingement,




I. CRITICISM OF BASIS FOR ASSESSMENT OF ENVIRONMENTAL IMPACTS

‘ The impact uponthe fish populations of the Hudson River resulting from the operationof
Indian Point Units #1 and #2 has been evaluated by the AEC Staff and the Intervenors from an
arbitrarily narrow focus. Seven different levels at which the impact could be assessed are

‘ identified as follows:
1. Death of individual fish.
2. Decrease in survival of fish populations as a result of (1) above.

3. Compensatory responses of the population through changes in growth or survival
which take place within the period of the environmental impact and within the
particular group of fish affected (e.g. an increase in survival of juvenile striped

bass offsetting removals due to impingement).

4. Compensatory response by the fish population taking place within the group of fish
affected by the impact but at a later stage of the life cycle (e.g. a decrease in sur-
vival of early juveniles caused by power plant operation being offset by subsequent

' increase in survival of over-wintering juveniles due to their reduced density).

5. Compensation in the population taking place in a year class subsequent to the one
which received the impact (e.g. a decrease in the number of juveniles produced
is caused by operation of the power plant and results in a decrease in the size of the
spawning stock when this juvenile group has matured. The survivors from the
spawning of this reduced year class experience lower mortality rates due to their

reduced density).

6. Compensation effected at the ecosystem level rather than the population level through

shifts in the relative abundance of species.

7. Complete replacement of a reduced or destroyed species through natural processes

or managerial intervention by man.

" Assessment of the impact of Indian Point Units #1 and #2 has been focused by the AEC
Staff and Intervenors largely at the first and second levels above: with assessment levels 3
through 5 being discounted in testimony by the Staff and intervenors and impact levels 6 and 7

scarcely being considered at all. The impact assessment has focused on the existing
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assemblage of species, apparently assuming that these are of high or irreplaceable value by
virtue of their current occupancy of the Hudson River Estuary. This veiw ignores the
ephemeral status of the present species assemblage even under natural conditions. The
present ecological community is of relatively recent, post-glacial origin and is undoubtedly
subject to substantial natural shifts in relative abundance of different species. From time to
time new species may be introduced into the syst em through completely natural processes
and drastically alter the present balance. In attaching paramount value to the present state
of the Hudson Ecosystem, impact evaluations have not taken sufficient cognizance of the
highly disturbed state of the ecosystem. A management focus is adopted which assumes that
maintenance of the biological status quo is in the best interest of society and therefore that
status quo should be preserved even at great cost, The full potential for considering the
estuarine ecosystem and the technological developments of man as a single integrated system
and devising optimal management approaches has not been given adequate consideration in

the testimony presented to date.

Considering the substantial costs of alternatives to once-through cooling -- such as
evaporative cooling towers -- a wide range of feasible management alternatives exists which
has not been given adequate consideratibn, largely because of lack of necessary data. For
example, a systems management plan could be devised which allowed for disposal of waste
heat originating from power production and at the same time assured a productive fishery
made up of commerically or recreationally desirable species. This would be possible by
investment of part of the cost associated with such alternatives as evaporative cooling towers
into intensive management of fish populations. This management might take the form of
reduction of competitive species of low value and supplementation (as through hatchery pro-
duction) of more desirable species. The striped bass are clearly a high value fish. It is
ironical, however, that mortalities of the companion species, white perch, in the Hudson
Estuary are viewed with such alarm. During the past year, fishery experts cited potential
danger to sport fish populations from introductions of white perch into other natural waters,
due to their tendency to prey on eggs and larvae of other species; and to overpopulate and
stunt from excessive food competition (reference to white perch seminar at Annual Meeting
of American Fisheries Society reported in The Newsletter of The American Fisheries
Society, Vol, 16 No. 78, September - October, 1972, page 14). The Hudson River Ecology
Study described in the Woodbury -~ McFadden testimony of February 5, 1973 is designed
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to obtain the information needed in order to evaluate properly the feasible management

alternatives which exist.

II. Rebuttal to Specific Points Raised in Testimony of Staff and Intervenors

This rebuttal is directed towards the following composite argument by AEC Staff
and Intervenors. It is claimed in the testimony of John Clark (page 49 and transcript 8323-
8324) that the phenomenon of overcrowding in fish populations (equivalent to a compensatory
reduction in growth in the face of high population density) has not been demonstrated for
large open water systems such as estuaries and oceans. It is stated that Hudson River
fish exhibit average growth rates (Clark transcript 8417); that there is no evidence of .
crowding and depressed growth rate; and that the fish stock is sparse for a productive
environment such as an estuary (John Clark testimony page 50). It is maintained by the
staff that the predatory influence of the fishery controls the striped bass population and
that the compensatory reserve of this population has been exhausted (AEC Environmental
Statement V—56). It is further maintained (John Clar.k testimony page 52, 58 and AEC
Environmental Statement V-61) that removals of striped bass by operation of the Indian
Point Power Plant will result in a proportional reduction to the adult fish stock. This
reduction is estimated at 39% (entrainment and -im;:;-ingement) b_y J oﬁn Clark (Testimony page 44)

and in the neighborhood of 30 to 50% by the AEC Staff (Environmental Statement V-61), *

This testimony responds to the composite arguments of staff and intervenors as

sketched above through the following points:

o Compensatory processes have been shown to be operative in estuarine and high
seas fish populations including striped bass and indeed are operative in all animal
populations, This argument is based on an extensive review of the ecological

litei'ature.

o Contrary to testimony introduced so far in this hearing, data from the Indian
Point Ecological Study shows that striped bass and white perch in the Hudson River

are below average in growth rate and that the white perch population can accurately

%
See also Tr. 9137-9138, January 18, 1973.



be characterized as stunted. These fish populations possess a potential for faster
growth which constitutes a compensatory reserve permitting faster growth rate at

reduced population densities,

o Back calculating from the combined sport and commercial catch cited in the testi-
mony of John Clark produces estimates of the young-of-the-year striped bass in the
Hudson Estuary which are much higher than those reflected elsewhere in Clark's
testimony and, in fact, suggest that striped bass are abundant rather than sparse

in the Hudson Estuary.

o The staff analysis of commercial fishery data, which provides the basis for the
agsertion that the fishery controls the sfriped bass population and that the compen-
satory reserve of the population has been exhausted, is invalid on methodological

and logical grounds.

o An explanation is advanced for the way in which increments of mortality impact a
fish population in such a way as to drive the stock to a new (usually lower) level of
equilibrium from which the population recovers when the mortality is relaxed.

Principles and examples of reéovery of fisheries are presented.

o An argument is advanced, based upon standard acturial computations, to show that
even without invoking the operation of compensatory populations processes, estimates
of the impact of the Indian Point Power Plant upon the striped bass population are
exaggerated. The data of the testimony of John Clark are used in an alternative
calculation recognizing exposure of th'e fish population to competing risks from
nattiral causes of death and the nuclear power blant.

Oa. Operation of Compensatory Processes in Fish Populations and Animal Populations in
General,

Thirteen examples of fish populations in which the operation of compensatory processes
has been demonstrated are summarized in Table 1. Of these examples, the ten which are

asterisked are species which spend part or all of their life cycle in salt water situations —




Table 1. Published examples of the operation of compensatory

processes in fish populations. Asterisks indicate
populations which spend part or all of their life

histories in marine "open systems. "

* Atlantic Salmon Allee et al. 1949

* Sockeye Salmon Forester 1944

* Menhaden Schaff & Huntsman 1972

* Pacific Sardine Radovich 1962

* Striped Bass ~ Sommani 1972

* Plaice Beverton 1962

* Haddock Beverton & Holt 1957

* Herring Tester 1948

* Coho Salmon | Pritchard 1947

* Pink Salmon Pritchard 1947
Northern Pike Smith & Krefting 1954
Yellow Perch " Smith & Krefting 1954
Walleye Pycha 1961

estuaries or high seas. The list includes the striped bass population of San Francisco Bay
which has been convincingly shown to be controlled by compensatory processes. Many more
examples could be extracted from the fishery literature. It is clear, however, from even
this limited sample that major fish populations in open systems such as estuaries and the
high seas commonly (it is argued here, universally) are influenced by the operation of

compensatory survival or reproductive processes.

In a major review of the literature, Tanner (1966) has summarized data for 71 dif-
ferent species of animals from 111 different populations showing that of the 71 species,
47 showed statistically significant evidence of the operation of compensatory processes;
and an additional 15 showed evidence of compensatory processes but not at a high statistical

level of confidence.



The populations reviewed included insects, micro (crustaceans), fish, birds, and
mammals. Tanner's summary conclusion was that populations of vertebrate species (except-
ing man) are, in general, regulated by the production of adult individuals being a decreasing

function of population density.

IIb. Growth Rates of Hudson River Striped Bass and White Perch

Data collected during 1972 in the Indian Point Ecological Study clearly demonstrate
that striped bass in the vicinity of Indian Point (Table 2) and white perch in the vicinity of
Indian Point (Table 3) grow at substantially slower rates than the same species in other
waters for which published data are available. The most plausible explanation for these
relative growth data is that the populations of strip-ed bass and white perch in the Hudson
River are fairly abundant in relation to their food supply, with the result that growth is
slower than average. From this, it can be argued that these fish possess a substantial
growth potential which could well be realized through a growth rate increase in response
to reduced bopulation density. This potential represents one type of compensatory reserve.
Compensatory growth responses are not limited to fish populations in closed systems such as
small lakes or ponds. An example of the occﬁrrence of compensatory growth response in a

marine fish population is presented in the work of Beverton and Holt (1957).

Ilc, Estimate of Young Striped Bass Based on Fishery Catch

In the testimony of this hearing, Staff has estimated that one-half to one million
striped bass of Hudson River origin are caught annually by commercial fishermen., If we
take the figure of one million for the commercial catch and conservatively assume that the
sport catch is twice this level, we arrive at an estimated total catch of three million fish
annually, This is within the range of the Staff and the intervenors' estimates (Tr, 9182-9183,
9194).

Assume further that thié catch of three million fish is made up of age groups III, 1V
and V and assume further that the exploitation rate is 30%. The combined stock of striped
bass of ages I, IV and V would then be 3 million divided by 0.3 = 10 million,



Table 2, A Comparison of Calculated Total Length (mm) at Annulus Formation of Striped Bassl’2

Maryland Maryland California Massachusetts South Carolina New England States 5Hudson River Hudson River
Mansueti, R. Mansueti, R. Robinson Fitzpatrick & Scruggs Merriman Lower Hud- Miles 40-60
Cookson son River Present Study
Age (1961) (1961) (1960) (1958) (1957) (1941) (1936) (1972)
3a=N.A. 3a=N.A. 3a=N.A. 3a=N.A. 3a=N.A. 3a=N.A. 3a=N.A. a=31.9
411 =224 4ﬁ = 520 4n =N, A, 4n = N. A, 4n =N. A, 4n =N, A, 4n =170 n = 342
Males Females
I 145 134 112 244 172 134 70 119.7
o 321 315 269 307 384 252 159 241.6
m 411 420 420 343 502 395 325 333.6
v 466 505 538 411 571 486 379 431.17
A 540 601 628 483 647 573 467 509.9
VI 642 697 705 546 707 683 488 585.0
v 760 782 765 601 776 741 512 649.0
VII 815 845 820 . 634 834 809 - 731.5
X 897 924 886 661 886 886 - 805, 6
X 946 971 - 689 - - - 799.2
X1 979 1,009 - 710 - - - 871.6
X1t - - - 738 - - - 900.3
X - - - 754 - - - 927.0

1Ca.lculaied total length (mm) at annulus formation for combined sexes, unless otherwise indicated.

2
“Fork length converted to total length by the conversion factor of 1, 08, derived from a study of Hudson River striped bass,

3a = Y-intercept of scale-total length regression, When a value not available, a = N. A,

4
n=

5

sample size.

When n value not available, n= N, A,

Observed total length (mm) for ages 0+ — 6+,




Table 3. A Comparison of Calculated Total Length (MM) at Annulus Formation of White Perchl’ 2

3

Delaware River Quabbin Reservoir North Carolina Maryland Delaware Oneida Lake Maine Hudson River
Wallace, D. Taub, S. Canover Mansueti Miller Alsop & AuClair, R, Miles 40-46
' Forney Present Study
Age (1971) (1964-65) (1958) (1961) (1963) (1962) (1964) 1972
4a=22.45 4a=19.2 4a= N. A. 4a=16.7 4a=N.A. 4a= N, A, 4a=N.A. 4a=27.2
Sn=3,469 Sn= 2,737 Sn =720 Sh=18,447] ®n=1,012 Sn=1,767 >n=N. A Sn=1,184
I 92.7 91 71 93 93 87 - 76.5
o 147.3 154 110 142 147 189 160 133.3
m 172.8 207 151 170 173 225 175 164.1
v 180. 3 234 183 189 191 244 190 181.2
A\ 203.5 253 210 205 208 257 210 192.9
A%t 214,2 269 234 227 226 269 230 201. 4

vl 224.4 282 254 247 240 307 240 210.0

via 229.3 304 271 261 254 - 255 216.9
X - 319 - 276 308 - 275 240.2
X - 330 - 301 319 - 285 -
XI - —7 - - - - 295 -

X - - - - - - 305 -
X1 - - - - - - - -
1Calculated total length (mm) at annulus formation for combined sexes.
2Fork length converted to total length by the conversion factor of 1.11, derived from a study of Hudson River white perch,
3Starndard length converted to total length by the conversion factor of 1. 28, derived from a study of Hudson River white perch.
4a = Y-intercept of scale-total length regression. When a value not available, a = N, A,

)

n = sample size,

When n value not available, n= N, A,



Aséurﬁe now that successive year classes are reduced in abundance through mortality
by one-half and that, therefore, the ratio of age group III to age group IV to age group Vis
4:2:1. The population of 10 million fish of ages NI, IV, V is then broken down as shown in
Table 4. The numbers of age group II fish and age group I fish are then calculated by doubling
. the number of age III's and re-doubling again to yield an estimate of 2,3 x 107 age I fish,

If we assume that these 23 million young striped bass occupy an area of 20 square miles
in the estuary (12, 800 acres) then the population of striped bass at the end of the first year of
life numbers 1, 770 per acre on the average. This figure would represent a substantial popu-
lation density of striped bass and stands in marked contrast to the figure in the testimony of
John Clark (page 50) of 200 to 300 small fishes per acre attributed to the trawling data of the
Carlson-McCann Report, This crop of young striped bass would also greatly exceed the
figure of 1.9 pounds per acre for striped bass alone quoted by Clark on page 50 of his

testimony.

As an interesting aside which reflects the inconsistencies in the data presented in the
testimony of Clark, the population structure of striped bass can be extrapolated through ages
. VI, VII and VII by assuming that the abundance of fish is halved at each successive age. This

has been carried out in Table 4, If it is further assumed that all fish of ages IV through VIII
6

11

are sexually mature and that the sex ratio is 1:1, the population would consist of 2.7 x 10
female spawners which, at an average egg complement of 600, 000, would produce 16 x 10
eggs. This estimated egg production for striped bass in the Hudson of one trillion, six hundred
billion stands in stark contrast to the estimate of 1, 3 billion used in Clark's testimony. Clark's
figure represents fertilized and viable eggs only, whereas the figure calculated here represents

all eggs produced by females in the population. Nevertheless, the discrepancy is a gross

one,
Table 4. Reconstruction of the striped bass population of the
Hudson River based on assumptions set forth in the
text.
@ Age Group I II I v \ VI VI VII

7
Numbers 2,3x10 1, 1x107 o. 7x106 2, 9x106 1.4)1106 7. 0x105 3. 3x105 1.7X105



IId. Staff Analysis of Commercial Fishery Data for Hudson River

It was agreed by Staff that the observations included in Figure V-12 of the Final Environ-
mental Statement were not independent observations but were serially correlated (Tr. 6329).
It was further agreed by Staff that independence in the set of observations is a requirement
in order for statistical regression to be valid (Tr. 6832-6833). These data were used
despite their inherent serial correlations in the regressions of Figures V-13 and V-14.

It was argued by staff that while "strictly speaking' the regression of Figure V-13 was
invalid, for "practical sense' it was not necessarily so (Tr. 6838). It was further stated

by staff (Tr. 6845) that the invalidity of the procedure does not necessarily alter the accuracy
of the prediction made from the regression. It was further stated (Tr. 6847) that Figure V-13
implied a cause and effect relationship. This treatment in Figure V-13 is a basis for the"
conclusions that variability in recruitment to the Atlantic population can be attributed to the
abundance of mature fish in the Hudson; and that increased mortality of larvae and juveniles

is very likely to cause proportionally reduced recruitment,

The appropriate regreésion model for the data used in the staff analysis is the bi-
variate normal distribution, which assumes that the observations are independent, normally
distributed variable (Brownlee, 1960 page 353). The violation of the assumption of inde-
pendence -- such as caused by serial correlation -- is not a trivial matter. The consequences
of such problems in regression data are discussed by Johnston (1963) who shows that they may
be very serious, indeed. Estimates of the regression parameters may be seriously biased
and conclusions based upon the analysis may be very misleading. The requirements set forth
for the valid use of statistical regression are not conditions applicable only to theoretical
explorations but are conditions which must be met where regression is used in assessing
practical problems if the assessment is to have reliability. The tests of significance through
which the reality of a regression relationship is judged are seriously affected by serial corre-
lation in the data., Even where the regression equation is useful for purposes of prediction,
it could not validly be used to establish a cause and effect relationship. Still more serious
problemsin the use of regression analysis arise where serial correlation exists in combina-
tion with other problems commonly encountered in time series data (Orcutt and Cochrane,
1949). Considering that the commercial fishery data of Figure V-12 are used in regression

analyses with the intent of establishing cause and effect relationships; and congidering

10



further, the substantial economic consequences of drawing wrong conclusions in the problem
at hand; the use of regression in analysis of the commercial fishery data is completely

unjustified.

It is clear from the work of Koo (1970) that many of the striped bass stocks of the
Atlantic coast have undergone steady increases in abundance in recent history. Because the
striped bass landings from the various regions of the Atlantic coast all trend generally up-
ward during the period from 1930 onward, the data from a number of statistical regions could
be paired and the landings would be seen to increase in parallel. Regression analyses could
be carried out on such sets of statistics with results similar to those obtained in the Siaff
analysis. A wide range of possibilities for offsetting the landing from one district by several
years in making comparisons with landings from another district would all yield interesting
looking scatter diagrams showing strong evidence of correlation. This is true because of the
powerful effect of the overall yearly trend towards parallel increases in all the stocks.

These trends, in no way, prove cause and effect .rela.tionships among the different stocks,

however.

Another factor which prodﬁces similarity in the catch values for different statistical
districts is the tendency for fishing effort to be similar in relative value in adjacent districts
in any particular year. For example, fishing effort in the Hudson River is fairly closely
correlated with fishing effort in the Atlantic region five years later (Figure 1.). This is one
of the reasons why the landings in the Hudson are correlated with landings in the mid-Atlantic
five years later, The data used in this and all following analyses are those supplied by the

National Marine Fisheries Service andthose extracted from the paper by Koo (1970).

The pervasiveness of correlations along historical catch records for striped bass from
different areas of the Atlantic coast gives rise to an almost unlimited number of possible cor-
relations. In the Staff analysis, tag return data for striped bass are the basis for the hypo-
thesis that Hudson River spawning supports the bulk of the mid-Atlantic fishery. Arguing
from the same set of tag return data, Applicant's consultant has concluded that fish of
Chesapeake Bay origin supply the bulk of the mid-Atlantic catch (testimony of E. C. Raney).
The Staff's hypothesis is tested through the regression of Figure V-13 in the Final Environ-
mental Statement, Setting aside, for the moment, the objections to the use of regression

analysis raised here and concentrating only on the scatter diagram for catches from one

11
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Figure 1. - Relationship between commercial fishing effort in The
Hudson and in the mid-Atlantic five years later, Years
for the Hudson effort data are given on each point plotted,




district versus catches fromanother, it can be seen in Figure 2 that a similar relationship

exists between Hudson River landings and Chesapeake Bay landings five years later. Of
course, no one has postulated that the Hudson River stock is the origin of striped bass caught
in Chesapeake Bay. In fact this would be considered a ridiculous hypothesis in the iight of
the tagging data and general experience with Atlantic coast striped bass, but a scatter dia-
gram not unlike that used in the Staff analysis can be produced, none-the-less, A similar
diagram of catch data could be produced to support the hypothesis held by the Applicant's
consultant, that mid-Atlantic landings consist largely of Chesapeake Bay fish, and in fact

the staff has performed such an analysis (Tr. 9196). A number of additional possible hypo-
theses, some plausible and some ridiculous, could be similarly supported by regression

analysis of commercial catch data.

The summary conclusion is that the analysis of Figure V-13 in the Final Environmental
Statement provides no basis whatsoever for inferring a cause and effect relationship between
landings of striped bass in the Hudson and those in the mid-Atlantic, This conclusion is

based upon both invalid statistical methodology and reasons of logic.

Another serious effect of the analysis of time series data is exposed by Figure 3 in
which the same data as used in Figure V-15 of the Final Environmental Statement are plotted,
along with additional points available from fishery statistics but not used in the Staff analysis.
Figure V-15 in the Final Environmental Statement shows a strong negative relationship be-
tween fishing effort and catch and this relationship is in part the basis for the conclusion that
""the fishery itself is fluctuating because of over-exploitation during periods of high fishing
intehsity” (page V-56). The scatter diagram of Figure 3 in this testimony identifies the
observations by year. Four distinct temporal clusters of observations are shown. The
four observations which combine high fishing effort and low catch all come from the four
oldest years in the data set. When this cluster is plotted along with the 1959-60 cluster and
the 1955-58 cluster, without identification of the observation by the year, it produces a
plausible looking negative correlation relationship. However, one can just as plausible
argue that the four earliest years were years in which effort was high and catch was low, the
low catch likely being attributable to lower population density unrelated to fishing effort.

This argument is consistent with the general inc’rease in size of Atlantic coast striped bass

stocks since 1930. Populations available to the fishery in earlier years of this period were
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smaller, and catches from more recent years are higher than the earlier catches despite the
lower fishing effort because striped bass stock size has increased substantially (Koo 1970).
The temporal clustering in Figure V-15 of the Final Environmental Statement casts serious
doubts upon the validity of the regression analysis used there and on the reality of the nega-

tive relationship between striped bass catch and fishing effort which is deduced therein.

The Staff has argued that the commercial fishery catch controls the size of the striped
bass population and hence the pOpulation. has exhausted its compensatory reserve. This is
based on the argument that as catch inéreases population declines. However, it has been
clearly established that the striped bass population and the commercial catch have both in-
creased steadily since 1930 and that the total catch including the sport fishery shows an even
sharper upward trend because the sport catch is greater in recent years than the commercial
catch (Tr. 9080). If both total catch and population size for striped bass have been increas-
ing over the last 30 to 40 years, one cannot logically conclude that the commercial catch is

controlling population size in striped bass.

A summary objection to the structure of the Staff analysis of the commercial fishery

data for the Hudson and mid-Atlantic regions is as follows:-

1. From analysis of tag returns the hypothesis that Hudson River spawning is the

major source of the mid-Atlantic striped bass catch is developed.

2. Through regression analysis of the hypothesis in (1) above the hypothesis is

subjected to test.

3. The regression analysis was used to establish a cause and effect relationship
between Hudson River catches and mid-Atlantic catches (Tr. 6847) - but the data
available are not usable for regression a.nélysis from which cause and effect
inference may validly be drawn because of the statistical metﬁodological problems

cited in detail in this testimony.

IlIe. Population Response to New Increment of Mortality - Principles and Examples

Some basic principles of fish population dynamics can be set forth in simplified form
through the use of standard diagrams called reproduction curves in a way which will clarify

the reaction of a fish population to added increments of mortality such as caused by fisheries

16




1

or power plant operations. Consider a parental stock of fish and the stock of progeny which

it produces, with both parents and progeny expressed in the same units of measurement.

If the relationship between parental stock and progeny were described by a 45 degree diagonal
line as shown in Figure 4 (replacement reproduction) we would have a density-independent
relationship between parents and prdgeny. If environmental conditions allowed the survival

of a very large parental stock, that stock would produce a generation of progeny equal in

size tvo itself. By the same token if unfavofable environmental conditions reduced the parental
stock to some very low density, it would produce again a generation of progeny equal to itself.
Under this hypothetical situation, the size of the population would vary at random toward an
infinitely expanding condition or towards dwindling to extinction. There is no negative feed-
back operating to increase the rate of population growth at low levels of density, thus deflect-
ing it from decline to extinction, and to decrease the rate of population growth at very high

. levels of population density, thus deflecting it from unlimited expansion. In order to persist
within some more or less well defined limits of abundance a fish stock must have some nega-
tive feedback processes operating synonymous with density-dependent processes. The curve
of Figure 4 represents a density dependent relationship between parental and progeny stocks.
At very low levels of parental stock the population tends to increase several fold in the progeny
generation, At point "R'" the parental stock is replaced by exactly the same size of progeny ‘
stock (the reproduction curve intersects the 45 degree diagonal) and this density is the equili-
brium point or replacement level of reproduction. If no environmental fluctuation occurred

which deflected the stock from point "R" it would remain perpetually at that density, exactly
replacing itself over each succeeding generation. Population statistics for a striped bass

stock at equilibrium density are developed in Table I of the February 5, 1973 testimony by
Woodbury and McFadden, At densities above replacement reprodgc‘tion the parental stock

faiis to replace itself and the population declines back toward equilibrium level, If stock

density is deflected by environmental conditions below the equilibrium level, the parental stock
more than replaces itself, that is, the population tends to increase back towardé replacement

‘ ~ level over succeéding generations., Note that at replacement level the parental stock exactly
replaces itself in the face of baseline natural mortality, with no surplus progeny being pro-

duced as a buffer against removal by a fishery or environmental impact such as power plant

operation,
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Figure 4, Possible relationship between parental and progeny
' stock size for a fish population,
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In Figure 5 is explored the situation where an increment of mortality is imposed on the
populati.o'n of Figure 4, thus deflecting it away from the replacement level of parental stock.
Let us say, for example, that an amount of stock equal to the line segment '"cR" is removed
from the population before reproduction. The parental stock now consists of "Oc' units and
this parental stock produces '"ca'' units of progeny. Note that at this stock density the parents
produce ''cb'" units of offspring (sufficient to replace themselves) plus a surplus "ab'" which
may be removed by the fishery or killed by power plant operation and still leave the popula-
tion equalibrated at a density ""Oc". Note that for this situation the removal from the popula-

tion "ab" is about 28 percent of the total stock "ac".

If an additional increment of removal is imposed upon the stock, say a total of "de"
units of parental stock, the removal rate will be 60 percent (de s df) and the population will
sustain this level of removal, equalibrating at density "of'", In order to hold the stock at
this reduced density a 60 per cent average removal must be sustained. If this rate of re-
moval is reduced the parental stock will more than replace itself and succeeding generations

will tend to increase until the population equalibrates once again at a higher level of density.

A still higher percentage removal, say. 70 percent (gh = gi), if sustained would reduce

the population to a density "Oi".

Two important points emerge from these principles. First, an additional increment
of removal imposed upon a fish stock drives the stock to a lower average parental density
at which the population once again equalibrates, The increment of mortality imposed and
sustained does not drive the population into a steady downward spiral leading to severe
depletion or extinction. Secondly, in order to hold a stock at a reduced level of abundance
the rate of removal- must be sustainéd from generation to generation, Increasingly higher
percentage removals are required in order to drive the stock to successively lower levels

of density.

These principles of fish population dynamics underlie observed increases in stocks in
which the rate of removal has been deliberately decreased. A classical case is the Pacific
halibut stock (Fukuda, 1962). The Pacific halibut stock density declined steadily until 1930
when a closed season was imposed. Subsequently the stock density increased steadily, Simi-
lar examples are reported for the whitefish of Lake Wabamun (Miller, 1949) and for lake
trout of Lake Oteongo (Fry, 1949). Murphy (1967) was able to calculate that a Pacific sardine
population would have been 8 times larger than actual after the end of a seven year period had
fishing been stopped at the beginning of the interval,
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Figure 5. - Possible relationship between parental and progeny stock
size for a fish population as developed in Figure 4, with
increments of mortality (ab ; de ; gh) imposed so as to
reduce the stock below equilibrium level E.
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IIf, Estimates of Power Plant Impact Upon Survival of Young Striped Bass

t
When an additional probability of death, "p'", (for example from operation of a power
plant) is imposed upon a population which is already exposed to a probability of natural

death, "d", the probability of death from both causes operating simultaneously, "a", is:
a=p+d-pd

That is to say, the probability of death from both causes combined is clearly not the sum of
the individual probabilities. The relationship set forth above is well known from actuarial
work where living organisms are expoéed to risks of death from several sources simultane-
ously. Estimates of the reduction of the young-of-the-year striped bass as a result of opera-
tion of the Indian Point power plant appear to be exaggerated because this basic actuarial .
relationship has been overlooked. An example of the operation of this phenomenon under
natural conditions is presented in Figure .6, drawn from studies of brook trout populations.
The phenqmenon may reasor_lably be inferred to operate with other species because it is

simply a matter of risk probabilities,

To demonstrate the error generated by failure to recognize the operation of competing
risks from natural death and death caused by operation of the Indian Point power plant, the
data set forth in the testimony of John Claxk is analyzed here by appropriate mathematical
methods. To carry forth the calculations two instaneous rates of mortality, "n'" and "m",
are defined as follows:

d=1-e 2

where n equals the instaneous natural mortality rate;
p=1- e
where m equals the instantaneous rate of death caused by the Indian Point power plant.

Using these instaneous rates along with the assumptions and base data used in John
Clark's testimony, new calculations have been carried out to accurately predict the reduc-
tion in abundance in young-of-the-year striped bass resulting from operation of the Indian
Point power plant. For purposes of these calculations the assumptions about the magnitude
of mortality and population abundance at various life history stages as set forth in Clark's

testimony are used, This does not imply substantive agreement with the figures set forth
in his testimony,
21
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Figure 6. An example of reduction of natural mortality with increasing angling mortality
as a result of exposure of the fish to competing risks of death from the two
causes. Based on studies of a brook trout population under natural conditions

(McFadden, 1961).
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For purposes of this analysis of Clark's data I accept (a) his estimates of abundance
of striped bass at successive stages in the life history under natural conditions; (b) his
description of life history stanzas and their duration; (c) his estimates of number of striped
bass entrained or impinged at each stage; (d) the assumption that all striped bass inter-

cepted by Indian Point Power Plant Units 1 and 2 are killed.

It is further assumed that within each life history stage all individuals are exposed
to the same probability of death from natural causes and the same probability of death due

to entrainment or impingement, even though different fish pass through a given development

stage on different calendar dates due to the protracted spawning period of adult striped bass.

This assumption treats the year class of fish as though all had been spawned on the same

day.

The duration of each developmental stage as used here differs from certain of Clark's
statements because of minor inconsistencies in his testimony in this regard. No difficulties

in interpretatian are caused,

The basic data, derived from Clark's testimony and summarized in Table 5 represent

striped bass abundance under natural conditions, that is, without removal by Indian Point Units

1 and 2, For purposes of my calculations Clark's estimate of 1,8 x 106 juveniles at age 240
is replaced by the more realistic value of 1.6 x 106. On page 23 Clark uses Pearcy!s sur-
vival figure of 41 percent for 10 months to interpolate an 18 week survival of 75 percent by
simplé proportion. To maintain an assumption of constant inortality rate I calculate from
Pearcy's 10 month survival of 41 percent an instantaneous weekly mortality rate of ,022,
and from this survival of 67 percent for an 18 week period instead of Clark's figure of 75

percent,

The data for abundance of fish at successive developrrient stages, as given in Table 5,
are plotted to give the survival curve of Figure 7, which represents natural conditions in the

Hudson River, This interpretation is generally consistent with that of Clark's Figure 2,

From Figure 7 the numbers of fish present at the beginning of each life history stage
is determined and entered in Table 6, The estimates of fish killed by the operation of
Indian Point Units 1 and 2, as developed by Clark, are entered also (column C), The re-

maining calculations of Table 6 are based on the assumption that during each life history
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Table 5. Basic Data on Hudson River Striped Bass from testimony of John Clark

‘ Age in Days Stage Number Description
0 I 1.3x 109 Eggs (viable, fertilized)
2 I 112 x 10° Early larvae
‘ 23 I | 62.5x 106
| 44 m 16.0 x 106 Larvae/pre~juveniles
51 ar - 10.0 x 106
76 v - Early juveniles
104 v -
114 A% 2.4 x 106 Late juveniles
240 A% 1.8x 106*

*A more realistic figure 1,6 x 106 is calculated by McFadden and used in this analysis,

stage the fish are exposed to competing exponential risks of death from natural causes and

from entrainment or impingement by the Indian Point piant. Under this assumption:

' 1

Nt _ Noen+m _ :
where

Nt' = number of fish surviving to the end of a life history stage during which

natural and power plant mortalities were operative,

N0 = number of fish present at the beginning of a life history stage.

e = base of natural logarithms,

n = instantaneous natural mortality rate,

m = instantaneous death rate due to Indian Point Units 1 and 2,

The older larval stage (V) was considered variously by Clark as lasting through mid-
February of the calendar year after hatching (158 day duration) or through May 28 (260 day
‘ duration), Calculations for each are presented in Table 6,

24



If the impact of operation of Indian Point Units 1 and 2 upon the young-of-the-year
striped hass is assessed as of mid-February of the year following hatching, the year class

is seen to be reduced to

! 6
-
Nt / = 1.25x10 78% of the level expected under natural conditions.

Nt 1.60x 10

If the assessment is made as of May 28, the year class is reduced to

1

6
1 1
t /N - 1.03x10 _ 86% of natural abundance.
t 1.20 x 10

N

These reductions, 22 percent at the earlier dé.te and 14 percent at the later date,
are greatly at variance with Clark's assertion on page 44 of his testimony that,

"The effect of full time operation of Indian Point No. 2 along with Indian Point No.

1, with both using once-through cooling, would be to remove from the Hudson 39

percent of the striped bass in their first year of life ., . ."

The discrepancy arises from Clark's method of adding removals (due to power plant
mortality) in sequence order. This method generates statistics which exaggerate the
ecological impact of the Indian Point power plant. The ecologically significant figure is
the estimate of reduction of young fish reaching the ad;vanced juvenile stage, and approach-
ing the age at which migration seaward, -with attendant increase in growth potential takes

place..

It should be noted that the preceding discussion does not invoke any compensatory
decrease in natural mortality or increase in growth rate among the striped bass. It merely
recognizes that the fish are exposed to competing risks of death due to natural causes and

due to power plant operation.
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Table 6. Mortality and Survival Statistics for Striped Bass in the Hudson River During the First Year of Life
Final Number _
Initial Under Natural Number Killed Number of % Killed By % Natural
Stage Number Conditions By Power Plant Natural Deaths Power Plant Deaths
D C/ D/
No Nt C (No - Nt) No No
I 112 x 106 54 x 106 5.7x 106 58 x 106 .051 .518
1 54 x 106 2.7x 106 1.6 x 106 51.5x 106 .0296 . 950
v 2.7x 106 2.48 x 106 0.10 x 106 0.22 x 106 .037 . 0815
. 6
V (158 days) 2.48x 106 1.60 x 106 0.27x 10 0.88x 106 .1089" .355
V (260 days) 2.48x 106 1.20 x 106 0.35x 106 1.28x 106 . 141 .515
Natural Death Death Rate Due Total Instantaneous Final Number With
Stage Rate To Power Plant Mortality Rate Survival Power Plant Operative
1
n m i =n+m s Nt
i .73 .053 .783 .457 51.2x 106
I 3.00 .030 3.03 .0483 2.47x 106
v .085 .038 .123 . 8843 2.18x 106
V (158 days) .44 .115 .555 .5741 1.25 x 106
V (260 days) 724 .153 .877 .4161 1.03 x 10°



10,

11,

12,

13.

14,

LITERATURE CITED

Scruggs, G. D., 1957, 'Reproduction of Resident Striped Bass in Santee-Cooper
Reservoir, South Carolina, Trans. Amer, Fish, Soc., 85: pp. 144-159.

Merriman, D,, 1941, '"Studies on the Striped Bass (Roccus saxatilis) of the Atlantic
Coast." U.S. Fish & Wildlife Service, Fishery Bulletin 35; p. 77.

Greeley, J.R., 1937. "A Biological Survey of the Lower Hudson River Watershed."
New York State Conservation Dept, Albany, N.Y.

Wallace, D,, 1971, "Age, Growth, Year Class Strength, and Survival Rates of the
White Perch (Morone americana (Gmelin)) in the Delaware River in the Vicinity
of Artificial Island" Chesapeake Science, 12: pp. 205-219,

Taub, S., 1964,

Taub, S., 1965.

Miller, L., 1963. '"Growth, Reproduction, and Food Habits of the:White Perch, Roccus
americanus (Gmelin) in the Delaware River Estuary;' M.S. Thesis, University of
Delaware, 62 pp.

Alsop and Forney, 1962. "Growth and Food of White Perch in Oneida Lake." New York
Fish & Game Journal, 9 (2): pp. 133-136.

AuClair, R., 1964, "White Perch in Maine." Maine Department of Inland Fish & Game.

Special Publication.

Brownlee, K, A., 1960. Statistical Theory and Methodology in Science and Engineering,
John Wiley & Sons, N.Y.

Fukuda, Y., 1962, '"On the Stocks of Halibut and their Fisheries in the Northeast
Pacific.' Internat. N, Pacific Fish. Comm., Bull No. 7: pp. 39-50.

Fry, F. E. J., 1949, "Statistics of a Lake Trout Fishery." Biometrics, 5: pp. 27-67.

Miller, R, B., 1949, "Problems of the Optimum Catch in Small Whitefish Lakes."
Biometrics, 5: pp. 14-26.

Murphy, G. I., 1967, "Vital Statistics in the Pacific Sardine (Sardinops caerulea) and
the Population Consequences.'" Ecol., 48: pp. 731-736.

_—

28




Manseuti, R., 1961, "Effects of Civilization on Striped Bass and Other Estuarine
Biota in Chesapeake Bay and Tributaries,'" Proc. Gulf Carib. Fish, Inst. 4th
Ann. Session, pp. 110-134.

Robinson, J. B., 1960. 'Age and Growth of Striped Bass (Roccus saxatilis) in
California.' California Fish & Game, pp. 279-290,

Fitzpatrick and Cookson, 1958. 'Summary Report on Striped Bass Investigations."
Mass, Dept. Nat. Res., Marine Fish Div,, D-J Job Rept. F-4-R, pp. 1-19,

Beverton, R. J. H. and S. J. Holt, 1957. "On the Dynamics of Exploited Fish
Populations," Min, Agric., Fisheries, and Food, Fish. Invest. Ser. II, Vol.
XIX, London: Her Majesty's Stationery Office, 533 pp.

Smith, L. L. Jr. and L, W. Krefting, 1954. "Fluctuations in Production and
Abundance of Commercial Species in the Red Lakes, Minnesota, with special
reference to changes in the Walleye population."” Trans. Am. Fish. Soc.,
83: pp. 131-160.

Pyska, R. L., 1961, 'Recent changes in the Walleye Fishery of Northern Green
‘Bay and History of the 1943 year class.'" Trans. Am,. Fish. Soc., 90: pp. 475-
488,

Tanner, J. T , 1966, "Effects of Population Density on Growth Rates of Animal
Populations,' Ecology, 47: pp. 733-7

Johnston, J., 1963. Econometric Methods. McGraw-Hill, N.Y. 300 pp.

Orcutt, G. H. and D. Cockrane, 1949, "A Sampling Study of the Merits of
Autoregressive and Reduced form Transformations in Regression Analysis."
J. Amer, Stat. Assoc., 44: pp. 356-373.

MéFadden, J. T., 1961, "A Population Study of the Brook Trout, Salvelinus
fontinalis.' Wildlife Monograph No. 7, 73 pp.

Allie, W, C., A. E. Emerson, O, Park, T. Park, and K. P, Schmidt, 1949,
Principles of Animal Ecology. Saunders, Philadelphia, 837 pp.

Foerster, R, E., 1944, '"The Relation of Lake Population Density to Size of Young
Sockeye Salmon (Oncorhynchus, nerka)." J. Fish. Reo. Bd. Canada, 6: pp. 267-280.

Tester, A. L. , 1948. "The Efficacy of Catch Limitations in Regulating the British
Columbia Herring Fishery." Trans. Roy. Soc. Can., 42, Ser, 3, Sect. 5:
pp. 136-163,

Pritchard, A. L., 1947, "Efficiency of Propogation of Pacific Salmon." Canadian
Fish Culturist, 1: pp., 22-26,

29

s T et eTNIbgde M gtteemes GRS R SNY e L wIRE i - v e o 1 R o i



29,

30.

31,

32.

Schaaf, W. E., and G. R. Huntsman, 1972. "Effects of Fishing on the Atlantic
Menhaden Stock." Trans. Am. Fish. Soc., 101: pp. 290-297,

Radovich, J., 1962. "Effects of Sardine Spawning Stock Size and Environment on
Year-Class: Production.' Calif, Dept. Fish & Game Bull., 48: pp. 123-140.

Sommani, P., 1972. "A Study on the Population Dynamics of Striped Bass
(Morone saxatilis Walbaum) in the San Francisco Bay Estuary,'" Univ. Wash.
Doctoral Thesis. 133 pp.

Beverton, R. J. H., 1962, "Long-Term Dynamics of certain North Sea Fish
Populations.' In: The Exploitation of Natural Animal Populations, E. D. LeCoen
and M. W, Holdgate (Eds.), Blackwell Ltd., Oxford.

30



. BEFORE THE UNITED STATES

ATOMIC ENERGY COMMISSION

In the matter of

CONSOLIDATED EDISON COMPANY OF

NEW YORK, INC. DOCKET NO. 50-247

(Indian Point Station, Unit 2)

Redirect-Rebuttal Testimony
of

I John P. Lawler, Ph.D.

QUIRK, LAWLER & MATUSKY ENGINEERS
on the

Mathematical Model Used by the Staff to
Estimate the Effect of Indian Point Units 1 & 2
Entrainment on Hudson River Striped Bass

February 5, 1973




e 2l

I. INTRODUCTION

The purpose of this testimony is to show that the entrainment mathematical
model used by the AEC Staff oversimplifies a complex system. The Staff's model
does not adequately represent the actual interrelationship between the hydro-
dynamic characteristics of the Hudson River and behavior of young striped

bass during their entrainable stage. Moreover, the results presented in the
Final Statement have extended the influence of the plant across the entire
river cross-section at Indian Point. 1In reality, however, due to its location,

[N

the intake will influence only a portion of the upper layer.
In order to make comparisons between results of the model used by the Staff and
the Applicant's model, the terms which each use are defined below.

The percent reductions computed by the Staff's Model reflect the reduction

in the young of the year up to the point at which they are no longer considered

to be entrainable, i.e., it computes the effect of entrainment only. Impingement

losses are included in the Applicant's model.

The Applicant's model computes the percent reductions of the year one class

as well as the percent reductions on the total adult striped bass population

for years of plant operation as well as the per cent reductions of

the intermediate stages of the egg, larval, and juvenile striped bass within

any one year.

The Applicant's model includes a compensatory mechanism (i.e., variation of
survival with the striped bass concentration) whereas the Staff's model does

not.




In most of the runs presented in the Staff's Final Statement (Table A-V-16,

pg. A-V-85), an "f" factor of one was used.

Exceptions are cases 52, 53, 54 and 55 of Table A-V-16 of the Final State-

ment, where an "f" factor of .6 is used.

The Staff used 100% mortality through the c¢ondenser .in the entrainable stage
excepting cases 6 and 7 of Table A-V-16 of the Final Statement. For these

cases, the Staff employed a 50% inplant mortality factor.

"f" factors used by the Applicant are different for each entrainable stage
(eggs, larvae and juvenile I's) and are presented in Table 20 of the Applicant's

testimony of October 30, 1972%,

It must be realized at this point, that the assumptions and hypotheses behind
the numerical values used in many of the cases considered by the Staff are
not explained in the Final Statement or in this proceeding. On the evening
of January 18, 1973, at the AEC offices in Bethesda, Maryland, the Staff met
with Applicant representatives to clarify some of the details of the Staff's

model as well as many of the assumptions used by the Staff to generate the

- results presented in the Final Statement. I believe that many of the

interpretations presented by the Staff during the January 18, 1973 meeting
to support its selection of model input values represent hypothetical

conditions that have not been supported by field observations.

Additional material clarifying the Staff's position as discussed at the meeting

on January 18, 1973, and in this proceeding (TR.9221 & 9222) has not been made

*Testimony of John P. Lawler, Ph.D., Quirk, Lawler & Matusky Engineers on the
Effect of Entrainment and Impingement at Indian Point on the Population of
the Hudson River Striped Bass, October 30, 1972.




available in its entirety as of the date of submission of this testimony.
Therefore, further rebuttal of the Staff's model and results may be submitted

after receipt of the requested information.

This testimony will show that when the hydrodynamic characteristics of the
Hudson River behavior of the early stages of striped bass and plant intake
location are more realistically conéidered in the Staff's model, the
previously reported 30 to 50% reduction in striped bass population (Tr.9221)

will be significantly lower.

However, I do not imply that inclusion of the more realistic values and events in
the Staff's model will make it capable of reproducing actual striped bass
behavior or of estimating the impact of the plant. This testimony takes

the Staff's conceptual notion as the point of departure and simply introduces
more representative hydrodynamics into that portion of the Staff's model

wherein river hydrodynamics are called for by the Staff.

The format of this testimony consists of first presenting a theoretical
discussion of the mechanisms active in the Hudson River estuary, followed
by modifications to the Staff's model. Two sample runs are then made to

illustrate the influence of these modifications on the final results.

Comments of model verification and concluding remarks are given in Sections

III and IV, respectively.

Two appendices have been included to provide the details of the Staff's

model and the modifications performed by the Applicant.




‘ II. REBUTTAL OF STAFF'S MODEL

‘ 1. Introduction via Reference to the Record

The following ‘statements, taken from the January 18 and 19, 1973 Hearing Record
are reproduced below to illustrate the general characteristics and dominating

mechanisms considered in the Staff's model.

On January 19, 1973 (Tr. 9292 to 9304), I asked Dr. Goodyear of the AEC a series of
questions which were designed to summarize the previous day's cross

examination on the model (TR.9205 to 9278) as well as to include information
developed during the previous evening's discussion with Dr. Goodyear and

other Staff personnel.

‘ " "Q. Dr. Goodyear, you have stated in the paragraph
entitled "Estimate of Entrainment," on page A-V-81, in the
last sentence after commenting on the comparison with the
field data, that the "most obvious result of these comparisons
was that the longitudinal distribution was more sensitive to
variations in assumed magnitudes of the density-induced flows
than were the estimates of entrainments."

Now I ask you, are you saying that regardless of

the conditions modeled, the entrainment loss is still essentially

the same?

A. Within a factor of two, yes.

Q. Dr. Goodyear, is it not true that your model

continually brings larvae back from a point below the plant into

a position above the plan¥?




A. Yes.

Q. And do these larvae not then pass the plant a number

of times before the end of the eight-week period of vulnerability?
Af Yes.

Q. You have then an endless belt in which organisms are
constantly flowing past the plant, dropping into the lower layer,
and then returning and repassing the plant, would you not agree?
A. Yes.

Q. Dr. Goodyear, will not the changing of conditions of flow
and/or migration factors speed up or slow down the rate at which
this rotating or circulating belt functions?

A. Yes.

Q. Dr. Goodyear, is not the insensitivity of your estimate of
entrainment to variation in the_input parameters due to this
endless belt concept?

A. Yes.

0. In other words, as long as you keep Indian Point located
within the belt, you will get approximately the same results
regardless of input changes?

A.  Yes.

Q. The range In results will be related to how fast a given

set of input parameters makes the belt circulate, would you not

agree?
A, Yes.
Q. Dr. Goodyear, on page V-53 you have presented a series

of observed field observations of larval distribution or longitudinal

larval distribution in the river, and also the results from several



selected model runs. So the verification in terms of a comparison
of the model results, the field observations, then, appears to
be given on page V-53.
My gquestion to you is are you not simply showing
that the shape of the longitudinal distribution of larvae as
generated by the model is similar to the shape of the distribution
as observed in the field?
a. Yes.
0. And the time represented by the runs depicted in figure V-11,
that is to say the model runs, is four weeks. Is that not correct?
A. That is correct.
Q. And the time represented by the field runs in figure V-11
covers several periods after spawning. Is that not correct?
A. That is correct."”
"Q. Now the model receives all of the spawn at one point in
time; is that correct?
a. Yes.
0. The spawn in the field occurs over a period of several
weeks; is that correct?
Aa. Yes.
Q. The magnitude of the larval concentrations from the model
has not been compared to the magnitude of the larval concentrations

in the field. Is that not correct?

Aa. From an absolute sense?
Q. The magnitude.
A. That is true"”



The following discussion occurred during the afternoon of January 18, 1973,
(TR.9255 to 9256) and deals with the notion of introducing time variable
behavior into the model, rather than using static 24 hour averages to

describe organism behavior.

"Q. Is it not true that in making a given run in the

model you used for the saline intruded section the same migration
split in all segments or compartments?

Aa. Yes.

Q. Does it seem resonable to you that the same split should
apply to all segments when in fact your model over any 24-hour period

will yield a net vertical downward movement in some segments—-

as we described a moment ago -- and a net vertical upward

movement in other segments?

Aa. Yes.

Q. It does?

a. Yes.

Q. It is logical to you that the split should be the same

for all segments, even though the vertical transportation

may be in one direction over a 24-hour period, which these
splits refer to now, in one segment, and in the opposite
direction in another segment?

A, Yes.

Q. Would you not think that a better approach in evaluating
this phenomena would have been to Introduce the known time
variable behavior of the migrating organism into the model?

A. Yes,

0. Might this not give a substantially different result



than the results you have reported?

A. I doubt it.. It would be different, but the degree of
difference should not be too great.

Q. But you don't know whether or not it would be?

A. Not without some additional thought.”

Again on the afternoon of January 18, 1973, following a lengthy discussion
of the role of longitudinal mixing in models of this type (TR. 9257-9269),
I then asked Dr. Goodyear for his opinion of the relative merits of
introducing time dependent vertical and longitudinal transport mechanisms
into the model and of averaging on a three hour or a one hour basis

rather than on a 24 hour basis.

"0. Dr. Goodyear, do you think that rather than averaging
upper and lower layer flows and larval vertical movements
over a 24-hour period, as we have discussed earlier, that
averaging over a three-hour period would be a more accurate
representation of the system you have described?

Let me add to that, I would add to that by introducing
an average over a three-hour period, I would also propose
introducing into the model the actual vertical time-dependent
transport that takes place in the organism and its actual

horizontal time-dependent transport that takes place due to

the tide?
A. What was the question itself?
Q. My question is that were I to introduce those two

time-dependent mechanisms explicitly, and evaluate in terms
of a three-hour average, or one hour, for that matter, but

let's just take the three-hour average, would you not agree



that this would give a more accurate representation of the physical

system we are trying to describe?

A. It would, of the physical system, yes.

Q. And biological system?

Aa. Only if the data you use are sufficiently precise.

0. would you‘agree that this procedure as I have described,

the introduction of the time-dependent mechanisms and the three-hour
averaging technique, could result in translating the organisms at

a lower rate?

A. A slower rate?
Q. Yes.
A. Yes.”
" Q. If the three-hour averaging technique translates organisms

at a slower rate downstream and upstream than a 24-hour averaging
process would, would not the plant reduction, as computed via
that "three-hour model" be less than the plant reduction computed
with a similar set of conditions, but using the 24-hour model?

A. Somewhat.”

On the basis of these statements and the discussion given in Appendix V-3
of the Staff's Final Statement, I believe that the Staff's model represents
an unrealistic over-estimate of the plant entrainment effect on the

Hudson River striped bass due to Indian Point Unit 1 and 2 operation.

This over-estimate is mainly due to the following two factors:
1. the averaging technique used in the model, resulting
in the elimination of explicit treatment of the tidal

and vertical transport mechanisms .
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2. the use of the segment average concentration in the Indian Point
segment for plant withdrawal. Questioning of Dr. Goodyear on

this topic appears in Tr. 9294-9298,

2. Influence of Averaging Technigues on Model Results

In order to illustrate the effect of averaging, a simple numerical example

is presented below.

Assume that the tidal flow in the upper layer of a segment is represented

as shown in Figure 1. It has a period of 12 hours and on ebb, the flow is
50,000 cfs and on flood, the flow is 40,000 cfs. Over a 12 hour period, the
net (average) upper layer flow downstream is 5000 cfs (= 50,000x6 - 40,000x6).

12
Since the behavior is cyclic, and the diurnal cycle is closely twice the

tidal cycle, the 5000 cfs average applies over 24 hours as well. Assume

also that the vertical migratory behavior moves a. number of larvae into

the upper layer as shown in Figure 1, i.e. for the first 15 hours (sunlight

hours) all of the larvae are in the lower layer and for the next 9 hours

(nighttime hours) the larvae distribute themselves between the upper and

lower layer so as to give 50 larvae in the upper layer.

The daily average number of larvae in the upper layer is then 18.75(= 0x15 + 50x9).
24

If these averages are used to compute the "daily average transport" downstream,

it is computed as....average flow x average larvae = 5000 cfs x 18.75 =

93,750 cfs-larvae.*

*These units (cfs-larvae) simply represent larval transport. Had larval concen-
trations been used, rather than simply numbers, and volume and time conversions
made, units would have been larvae per day (moving downstream).
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However, if the actual variation about the average values are used, (i.e.,
if the actual time dependent behavior in the river is modeled) the

computation of larval transport will produce a different result.

Consider a typical early summer (entrainment period) case of ebb beginning
at 6 am at the Battery* and daylight extending from 6 am to 9 pm. Using

the numbers presented above, upper layer larval transport is calculated

as follows:

Ebb Flow x larval Concen:ration x Ebb Day Period (6 am - 12 noon)
~Flood Flow x Larval Conc:ntration x Flood Day Period (12 noon - 6 pm)
+Ebb Flow x Larval Concen:ration x Ebb Day Period (6 pm - 9 pm)

+Ebb Flow x Larval Concen:ration x Ebb Night Period (9 pm - 12 midnight)

-Flood Flow x Larval Concantration x Ebb Flood Night Period (12 midnight - 6 amiJ

Upper Layer

Larval Transport
a ranspor 24 hours

50,000 x 0 x 6
-40,000 x 0 x 6
+50,000 x 0 x 3
+50,000 x 50 x 3

-40,000 x 50 % 6

24

= -187,500 cfs-larvae

*Mouth of the Hudson River
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Therefore, for this example,use of the average values produces a result
which is twice the "true" average transport downstream and in the opposite

direction.

The Staff's transport model is based on using the daily average tidal flows*
in the upper and lower layers and the daily average distribution of larvae
between the upper and lower layer. It does not include any terms to represent

deviations from these averages within the 24 hour period.

When one uses time-averaged values of products of variables tb represent a
system in which those variables undergo time fluctuations, and does not
introduce terms to account for these fluctuations, a series of real effects
is lost in the system presentation. Such is the case in question, tidal
variation and vertical larval migratory activity appear as products in

the representation of larval transport, so a series of terms representing
the transport of the material (larvae) above and below thevvalues computed
as simpie products of time average flows and concentrations are lost. These
additional terms may or may not be significant depending on the averaging

period and the nature of the fluctuations,**

*The tidal period was implicitly assumed to be 12 hours (as opposed to ~~12.42 hours)
s9 the daily average tidal flow = 12 hour average tidal flow. Also note that
tidal flow, in this context, includes river fresh water flow. Sensitivity analysis

(presented in Appendix 2) using 12 and 12.42 hour durations showed virtually
identical results.

**These facts are brought home most clearly when one constructs a transport model
from first principles; i.e., when use of the three dimensional time variable
equations of mass, momentum and energy transport in a fluid system are used
as the point of departure in constructing the model. This point is discussed,
in slightly more detail, in the record (Tr. 9271-9274). This notion, for example,

is whét generates the existence of the longitudinal dispersion coefficient in the
one dimensional estuarine transport equation.
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In tidal estuaries when averages are taken over a tidal period and over a
cross-section, both laterally and vertically, these fluctuations are
significant and are represented by a dispersion term as was done in

the Applicant's transport model.

When averages are taken over a tidal period and over segments of a cross-
section, i.e. averaged in the upper layer and averaged in the lower layer
as .was done in the Staff's transport model, the additional terms generated

due to the averaging process are also significant.

The effect of the 24 hour averaging in the Staff's model can be estimated by
constructing a model which includes splitting the system into two layers,
and explicitly including the larval vertical migration and upper layer and

lower layer flows using a small time scale* (1 to 3 hours).

Both the original Staff's transport model (abbreviated as Model 24) and the
model as modified by the above considerations (abbreviated as Model 1) on

a l-hour averaging basis were programmed for computer solution.**

For similar input conditions (See Table 1), the Staff's transport model
predicts a reduction of the larvae throughout the estuary of 25% and Model 1
predicts a reduction of 18%. For this case, simply by not properly time
averaging, the Staff's model overestimates its own concept of the entrainment

effect by 39% ,[(25—18) x 100%]
18

*See hearing record Tr. 9271, January 18, 1973 (page 9, this testimony)

**See Appendix 1 and 2



TABLE 1

RUN CONDITIONS USED FOR COMPARISON OF
24-HOUR (MODEL 24) AND 1-HOUR (MODEL 1)

‘ 'AVERAGING MODELS+
24 Average Fraction
Spawn * 24 hour Average Flow ** Of Population ***
(4 of organisms Downstream Flow Upstream Flow In In
initially in Upper Layer Lower Layer Upper Lower
‘gg‘ment a segment) (Downstream-end) (Downstream-end) Layer Layer
1 .08 4000 - 4000 .2 .8
2 10.55 4000 - 4000 .2 .8
3 10.55 4000 - 4000 .2 .8
4 4.20 4000 - 4000 .2 .8
5 11.23 4000 - 4000 .2 .8
6 11.23 4000 - 4000 .2 .8
7 6.00 4000 - 4000 .2 .8
8 6.00 4000 - 4000 .2 .8
9 6.70 4000 - 4000 .2 .8
10 6.70 11000 3000 .2 .8
11 10.00 16000 8000 .2 .8
‘ 12 10.00 29000 21000 .2 .8
13 3.44 30000 22000 .2 .8
14 3.33 32000 24000 .2 .8
15 0. 34000 26000 .2 .8
16 0. 37000 29000 .2 .8
17 0. 43000 35000 .2 .8
18 0. 54000 : 46000 .2 .8
19 0. 54000 46000 .2 .8

* Based on Table A-V-19,P. A~V-93 of the Final Statement
** Based on Table A-V-20,P. A-V-94 of the Final Statement

*** Based on Results of Model 1 (See Appendix 2)
(p=2x.2= .4, £ =2x .8=1.6)

+ Model 1 = Staff's model modified to reflect influence
‘ of smaller averaging time (1 hour)

Model 24 = Staff's model as used in the Final Statement




The reasons for the differences in the percentage reductions stem from the

absence of actual tidal flow and vertical migration behavior from the

Staff's transport model which produces a quicker movement of organisms

to the salt front (segment 9) at which time they enter a circulation

belt as described in the January 18, 1973 testimony.* This belt is illustrated !

numerically in Figures 3 and 4.

Figure 3 shows all circulation (advection or convective transport and
vertical transport) at a point 8 weeks in time with Indian Point**

Units 1 and 2 operating (Run 1).

Comparable results computed using Model 1 are not shown in this figure,
since the numerical magnitudes of the transport terms are time‘dependent

within each day.

This makes direct numerical comparison of Model 24 results (which represent
averages over a 24 hour period) with Model 1 results {(which are indicative

of average hourly behavior with a 24 hour period) incommensurate.

However, the overall characteristics, averaged over a common time base,
of both models may be compared. The overall characteristics of Model 1

are discussed later in this section.

The circulation zone is entirely contained within segments 10 to 19.
Sub-zones (sub-belts) exist between segments 10 and 12, 10 and 13.... to

10 and 19 and between segments 11 and 19.

*The figures drawn on the blackboard by Dr. Lawler during cross~examination on
January 18, 1973 are enclosed here as Figure 2.

**Indian Point is in segment 12.
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. However, all (100%) of the upward (vertical) transport is contained in segments

10 and 11 and 79% of the downward (vertical) transport is contained in
segments 12 and 13 (97% in segments 12, 13 and 14) .* Therefore, most** of the
circulation is contained with the four segments surrounding Indian Point

(segments 10 to 13).

As indicated earlier, when Model 1 is used for similar input conditions (Run 1)
circulation belts are also generated but with different characteristics.
Circulation is not limited to the salt water zone (segments 10 to 19) but

occurs throughout the system (segments 1 to 19) to different degrees.

The larvae are "spread-out" more over the estuary (since hourly averaged
tidal flows are used) since part of the "dispersion" above the 24-hour
average tidal flows has been accounted for. This produces a "longer"
circulation belt which has a "more even" circulation within its sub-belts;

i.e. most of the organisms are not circulated within the innermost sub-belts.

This reduces to having the average time between passes of an organism past
the Indian Point plant being increased and, therefore, the per cent

reduction for a fixed period of time being reduced (since the number of

passes has been reduced).

3. Influence of Using Segment Average Rather than Upper Layer Concentrations

The effect of using the segment average concentration in the Indian Point
segment for plant withdrawal as opposed to the upper layer concentration, can

be estimated by comparing the results of the two respective runs. The input

*Similar results are obtained for all nine weeks with or without the plant
operating.

**More than 75%
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‘ parameters used were the same as those shown in Table 1, excepting that
the plant withdrawal is from the upper layer, and are considered to be
more representative run conditions than many of the other conditions

considered by the Staff.

The Staff's transport model (Model 24) and Model 1 results are shown in

Table 2 and plotted in Figure 5.

Model 24 predicts an 8 week per cent reduction of 12% and Model 1

predicts an 8 week reduction of 6%.




Comparison Between Results Obtained Using Model 24 and Model 1

TABLE 2

with Plant Withdrawal from the Upper Layer

Run 2 Model 1*

% Reduction

Week No. - TSEEE_—TEEFEE}y
1 .69 1.86
2 1.35 2.95
3 2.01 3.87
4 2.67 4.69
5 3.33 5.44
6 3.99 6.15
7 4.64 6.83
8 5.30 7.49
9 5.94 8.14

Run 2 Model 24**

% Reduction
Total Nursery

4,31

5.57

6.98

10.24

12.02

*Staff's model modified to reflect influence
of smaller averaging time

**Staff's model as used in the Final Statement

5.93

9.38

11.39

12.67

13.68

14.67

15.73

16.90

18.20
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III. VERIFICATION OF STAFF'S MODEL

The verification of the Stéff's model was accomplished by comparing the shape
of the distributions of previous field surveys averaged over several weeks to
the fourth week results of the Staff's model (Tr. 9303-9304). No attempt
was made to compare the magnitudes of the results of the Staff's model to the
magnitudes of the field observations nor is there any indication of an
attempt to compare the shape of the results of the Staff's model to the field

observations on a week by week basis.

In addition and unlike actual larval behavior, neither natural mortality nor
time variable production of larvae was accounted for in the verification

cases presented in the Final Statement.

Further rebuttal of the Staff's verification may be submitted since the
intermediate weekly results of those cases* which the Staff has included
in its verification figure (Figure V-11, p. V-53 of the Final Statement)

were received too late (February 2, 1973) to be analyzed by the Applicant.

*Cases 1, 13, 61, 62 and 67.



IVv. CONCLUDING REMARKS

Due to neglect of terms which should have arisen in translating its
conceptual model into mathematical terms, the computational procedure
chosen by the Staff for use in its model yields an over-estimate of the
impact of the Indian Point plant on the % reduction of entrainable

striped bass.

For the set of Staff conditions considered by the Applicant to be
representative of River conditions, this over-esﬁimate was 39%; i.e.,
proper treatment of time-averaging of the River mechanisms influencing
transport yielded a total year class one recruit reduction of 18%,

versus the Staff's result of 25%.

Furthermore, although the Staff clearly recognizes the existence of
upper and lower layer flows, and vertical diurnal migration back and
forth into these layers, plant entrainment was computed on the basis

of the section average concentration and not on the upper layer
concentration. |

I maintain that Applicant's testimony of October 30, 1972 (that of both
Dr. Lawler as well as of Dr. Lauer) shows ciearly that the existing
plant is drawing from primarily the upper layer and the new plant,
based on its similar intake location,can also be expected to withdraw

from this upper layer.

Operation of the Staff's model and the Applicant's revision of that model

to account for time variable behavior of flows and diurnal migrations



yields further substantial reductions in the computed entrainment loss,

when intake location is taken into account. When the plant draws from
the upper layer only, for the representative River conditions under
which both models were run, the total year class one recruitment
reduction drops to 12% using the Staff's computational procedure and

to 6% using the Applicant's revision of this computational procedure.

4. Considering the influence of both time averaging and intake location,
the 25% reduction computed using the Staff's model withoutvmodification
reduces to 6% or a reduction of more than 300% in the Staff's results.
Application of this combined reduction in Staff's results, reduces the

Staff's 30 to 50% reduction in year class one recruitment to 7 to 12%.

5. The Staff has presented no evidence in its Final Statement that any of
its runs reduce the computed total year class one recruitment by more
than 40% (Tr. 9211 to 9222). On the basis of the foregoing analysis,
I maintain the 30 to 40% year class one reduction should be decreased

to 7 to 10%.

6. The Staff's model was run for the_case of existing plant operation
(Danskammer, Lovett and Indian Point l1). For the case of all units
operating, the situation on the River since 1969, a 26% reduction in
the year class one recryits is predicted. This is shown to lead to
unsupportable natural growth rates in another segment of the Applicant's
testimony.* Use of the time averagihg and upper layer entrainment
computational procedures postulated above would yield a reduction of

about 6%.

*Responses to Questions by John P. Lawler, Ph.D. on the Sensitivity of the

Model Presented in the Testimony of October 30, 1972 (Submitted February 5, 1973).
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Use of condenser mortality data in the Staff's model in line with the
testimony presented on February 5, 1973 by Dr. Lauer will reduce the

above percentages by at least 50%, into the range of 3 to 6%.

The Staff's model does not consider compensation nor is it capable of
computing long term population reductions. It also does not include
tidal exchange (longitudinal dispersion). These considerations should
be introduced before it can bé considered to be a representative means
of evaluating the broad range of contentions that have been the subject

of this proceeding.

The Staff's conceptual model pictures intense movement of larval organisms
back and forth past the Indian Point plant during an estimated eight

week period of vulnerability to entrainment. Since substantive evidence
exists regarding the tendency of later larvae and early juvenile striped
bass to seek shallow water, a lateral shoal and shoreward directed

mechanism should also be incorporated into this model.

Until these considerations are introduced into the Staff's model, it is

my position that this model is inadequate to support the Staff's con-
tention that cooling system modifications must be agreed to at this time.

I contend that the model accuracy required for the magnitude of the
decision involved requires model development time of the same order
proposed by the Applicant for development of a satisfactory data base.

In fact, the Applicant's five year study plan envisions mutual dependence

of model and data base development. The model provides insight toward the
type of data collection program necessary, and the data obtained will permit

continuing model refinement, of the type described above.
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Substitution of (8) into (7) gives:

By = Cy

UtiAt
(9)

Nupype ¥ (178) Onp

Finally, substitution of (5) and (6) into (9) yields an equation with all
values at time t which can be rearranged to solve for Vpy at time t. It is

functionally equivalent to:

C

. Vpy = VTN<KNt' Fugr RNg v 30 BomeoT, Vy, 88 Oy C N

C
r
Nut 'Q't’ N+12’t'

Qcyr -1, ¢ g+ O, AL, . g
t t *th lt’ N

Table A-1-1 lists the output from a sample run of the Staff's model as well as
the results from the same model * as implemented by the applicant for the

same input conditions; the results agree exactly.

*

The Staff's model was originally written in a programming language called
"FOCAL" for the PDP-8 computer; the Applicant's version is written in
FORTRAN IV language for the GE-430 computer.
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upper and lower layers and applying the material balance to each layer.

In separating the two layers, a vertical transport term is generated

which is assumed to be from the lower to the upper layer.

In a manner similar to the development of the Staff's model, the resulting

two equations are:

UPPER LAYER:

= IC 1=Ky, A Y
CNuppe Nug < Nt t) 2N
+3RNht *ON-Lyy © ON-lye T Vn T Mye *© “Nug ~ m-z-bcy CNutgAt] 1
a'VN
(5)
LOWER LAYER:
C = CN (1-KNgAt) (1-a) - Vy + *C + -
Noerat Lt N Mrle, N+loe Mee T Vi
"QN M CNR/t - m‘r'(l-b) QC . CN At 1 (6)
N ——
2t it (l—a)VN
Since:
T CNut+At - 7
_— m



With sy = 1 -~ KNt At and b = .5, equation (5) is analogous to the 8Staff's
t .

I model equation on p. A-V-82 of the Final Statement.

RELATIONSHIP BETWEEN u & £

The relationship between the p & £ parameters can be derived as follows:

Assume that the fraction of the total segment volume in the upper layer
is a; the fraction in the lower layer is l-a. If CNu is the upper
layer concentration, CNQ is the lower layer concentration and Cy is the

segment average concentration, then by definition:

CNu = MWy - Cy and CNR = chN' therefore:
CN . v
W = % _ Numbers in lower layerA(1-a) . Vn]
‘ Cn Numbers in segment/Vy

(Numbers in segment - numbers in upper layer)/(l-a)
Numbers in segment ‘

ifn -3y (N ON )/ (1-a)
VNCN

il

Therefore 1y (1 - apy)/(1-a)

When the volumes of the upper and lower layer are equal (a = .5), then:
QN = (1 - .SpN)/.S or
.5 2 = 1 - .5HN, therefore Ly + uy = 2

. COMPUTATION OF IMPLICIT VERTICAL TRANSPORT

The rate of vertical transport between the upper and lower layers which

‘ occurs in the Staff's model can be computed by separating the segment into the




x = Coefficient of susceptibility to condenser flow

The rate of decay of organisms in segment X as a
function of time (per time)

z?ﬁ
ot
I

Ry = Rate of reproductive addition of organisms in
t segment N (organisms/day)
b = Fraction of the plant flow withdrawn from the upper
layer.

If the volume of all segments are equal and are assumed constant, then:

de i

(2)

If, additionally, the first derivative is assumed constant within a time

‘/ interval At, then:

Vy 4G = V., AC =
N =N ¢ Nt \ c - C
at Sy v\ Nerar T Ong (3)

Substitution of equations (2) and (3) into equation (1) yields:

CNesar = | Cne (1 - Kygdt) vy

) CN—lt + 2’N+lt QN+12t ) CN+1t

' z e Nl QN-lUt

- CNt (UNt QNut + QNt * QN'th + mexr 'QCN [b'IJNt'*' (l-b)

®

1

v 4
vN (4)
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SCHEMATIC OF MATERIAL BALANCE ON
SEGMENT N TOTAL AND PARTIAL

FIGURE A-1-1
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APPENDIX 1

DERIVATION OF STAFF TRANSPORT MODEL

The Staff's transport model can be derived in the following manner:
Considering Figure A-1-1, a material balance is applied to segment N:

Rate of Accumulation = (Rate of Input)-(Rate of Output)-(Rate of
Decay)-(Rate of Plant Withdrawal)+ (Rate
of Production)

1. © 9N-1 * Cy_ + £ *Q .
t ug N lt N+lt N+12 CN+lt

dt -uNt * QNUt * CNt - LNt . QNlt . CNt t

—KNt * VN hd CNt = m-*xr - QCN [b-uN . CNt + (l-b) . QN‘CNt]"“ RNt (l)

where:
VN = Volume of segment N
t = Time
Cx = Average concentration in segment X at time t
t .
(organisms/volume)
“Xt = Ratio of the average concentration in the upper

layer to the average concentration in the segment X

zxt = Ratio of the average concentration in the lower layer
to the average concentration in segment X

QX = Average flow in the lower layer (moving upstream) and
Rt ‘located at the upstream boundary of segment X
(volume/time)
qu = Average flow in the upper layer (moving downstream)
t and located at the downstream boundary of segment X
(volume/time)

m = Average fraction killed by entrainment through the condenser



TABLE A-1-1

COMPARISON BETWEEN RESULTS OF STAFF'S TRANSPORT MODEL
AS PRESENTED IN THE FINAL STATEMENT AND
APPLICANT'S IMPLEMENTATION OF STAFF'S MODEL¥*

Staff's Version ‘Applicant's Reconstruction of Staff's Model
) % Reduction % Reduction

Week Number Total Nursery Total Nursery
1 4.33 13.17 4.33 13.17

2 7.95 20.33 _ 7.95 20.33

3 11.54 25.26 11.54 25.26

4 15.27 29.06 15.27 29,06

5 19.17 32,31 19.17 32.31

6 23.20 35.30 23.20 35.30

7 27.31 38.20 27.31 38.20
8 131.45 41.09 31.45 41.09
9 35.55 44.00 35.55 44.00

*Susceptibility to intake = 100%
Condenser mortality = 100%

Natural mortality = 0%

Plant flow = 2650 cfs

Computation interval = 6 hours
Migration Factors: W= .5, &= 1.5

See Tables A-1-2 and A-1-3 for flow and spawn conditions



APPENDIX 2

MODIFIED STAFF'S TRANSPORT MODEL (MODEL 1)

The Staff's transport model was modified to include intra-daily larval vertical
migratory behavior and intra-tidal behavior by splitting each segment into

two layers and using equations, (5) and (6) of Appendix 1, and using the
vertical transport (VTN) and tidal flow (QNu and QNQ) averaged over a small time

increment*. The larval (vertical) migratory behavior was modeled as shown

in Figure A-2-~1.

For the first 15 hours (daytime hours) all of the larvae were in the lower layer
(Vpy=0); for the next 1 hour (sunset) a transport rate was computed so as to
'lallow R¥**of the larvae to be in the upper layer and (1-R)% in the lower layer;
f/for the next 7 hours (nighttime) the vertical transport was set to zero and for

the remaining hour of the day (sunrise) the vertical transport was again

recomputed so as to move the upper layer larvae into the lower layer for the

start of the next daily cycle.

The flow variation within a tidal cycle was modeled as shown in Figure A-2-2.

Both the upper layer and lower layer are split into two sine components (Ebb

Component and Flood Component).

The upper layer equations are:

‘ Ebb Component

QNU = Eyy |sin [nt
TEUN

* 1 hour was used for comparison runs

** R = 50% was used in the comparison runs.




. TABLE A-1-3

FLOW CONDITIONS FOR
SAMPLE COMPARISON RUN OF
STAFF'S TRANSPORT MODEL

Upper Layer Lower Layer
Flow Downstream Flow Upstream
(At Downstream Boundary) (At Upstream Boundary)
Segment (cfs) (cfs)
1l 4000 -4000
2 4000 -4000
3 4000 -4000
4 4000 -4000
5 4000 -4000
6 4000 -4000
7 4000 -4000
‘ 8 4000 -4000
9 4000 -4000
10 11000 -4000
11 16000 3000
12 29000 8000
13 30000 21000
14 32000 22000
15 34000 24000
16 37000 26000
17 43000 29000
‘ 18 54000 35000

19 54000 46000




o TABLE A-1-2

SPAWN CONDITIONS FOR
SAMPLE COMPARISON RUN OF

‘ STAFF'S TRANSPORT MODEL
Segment No. of Larvae in Segment
1 0.08
2 5.00
3 5.00
4 4.20
5 5.23
6 5.23
7 6.70
8 6.70
L
9 6.55
10 6.55
11 15.00
12 15.00
13 3.44
14 3.33
15 0.00

16 0.00
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Upper Layer Flow

Lower Layer Flow
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Flood Component

g =

Fuy |sin n+ﬂ(t—TEUN)

(TP-TEyy)

Analogously the lower layer equations are:

Ebb Component

ONg, =

Flood Component

Ery Fsin Tt
TELN

Ny =

Where:

TE =
. Ly

Fiy [;in T+ (£-TELy)

(TP=TEp,

Flow downstream in the upper layer at the downstream end of
segment N.

Lag time of the ebb flow (from the ebb wave at the Battery)
in the upper layer (downstream end) of segment N.

Amplitude of the ebb wave in the upper layer of segment N.
Amplitude of the flood wave in the upper layer of segment N.
The tidal period

Time from the start of the ebb wave in the upper layer at
which the flood wave occurs.

Flow downstream in the lower layer, at the downstream end
of segment N.

Amplitude of the ebb wave in the lower layer of segment N.
Amplitude of the flood wave in the lower layer of segment N.

Time from the start of the ebb wave in the lower layer at
which the flood wave occurs.

"or the cases where the modified Staff's transport model (Model 1) was compared

to the results of the original Staff's transport model (Model 24), the flow

functions used are shown in Table A-2-1.




TABLE A-2-1

UPPER AND LOWER LAYER SINUSOIDAL FLOW FUNCTION PARAMETERS USED IN MODEL 1 *

Upper Layer Lower Layer Upper and Lower
Segment PN Py MOy Tawym oo % UUST By, Rwy  mGy  mey/te (et Flew Pomstrean Net Flow bownstrean
(Downstream (cfs) (cfs) (hours) (cfs) (cfs) (cfs) (hours) (cfs) (cfs)
Boundary)

(0) 57,500 50,600 5.55 0.5262089297 4,000 57,500 50,600 5.55 0.5262089297 4,000 8,000

1 78,200 62,100 5.05 0.4874068803 4,000 78,200 62,100 5.05 0.4874068803 4,000 8,000

2 11,900 87,500 4.43 0.4541558610 4,000 119,000 87,500 4.43 0.4541558610 4,000 8,000

3 145,000 120,000 3.88 0.4765403219 4,000 145,000 120,000 3.88 0.4765403219 4,000 8,000.

4 132,000 121,000 3.40 0.5030955941 4,000 l32,Q00 121,000 3.40 0.5030955941 4,000 8,000

5 132,000 120,000 -3.09 0.5011237512 4,000 132,000 120,000 3.09 0.5011237512 4,000 8,000

6 119,700 113,400 2.80 0.5134413784 4,000 119,700 113,400 2.80 0.5134413784 4,000 8,000

7 142,500 127,500 2.62 0.4954932789 4,000 142,500 127,500 2.62 0.4954932789 , 4,000 8,000

8 130,900 115,500 2.45 0.4942499403 4,000 130,900 115,500 2.45 0.4942499403 4,000 8,000

9 119,000 105,000 2.25 0.4967999344 4,000 119,000 105,000 2.25 0.4967999344 4,000 8,000

10 120,300 97,500 2.00 0.5269915499 11,000 123,500 123,500 2.00 0.4809215021 -3,000 8,000
11 174,000 130,500 1.89 0.5111091665 16,000 165,300 165,300 1.89 0.4619891996 -8,000 8,000
12 234,000 156,000 1.58 6.5168028037 29,000 156,000 175,500 1.58 0.4299043052 -21,000 8,000
13 163,200 144,000 1.40 0.6221480786 30,000 96,000 129,600 1.40 0.4212875924 -22,000 8,000
14 195,500 138,000 1.20 0.5645141901 32,000 155,300 155,300 1.20 0.3786248815 -24,000 8,000
15 281,000 232,000 0.96 0.5563490742 34,000 194,000 194,000 0.96 0.3947404524 -26,000 8,000
16 238,000 168,000 0.63 0.5569444927 37,000 175,000 175,000 0.63 0.3698483045 -29,000 8,000
17 223,700 138,600 0.25 0.5689876952 43,000 182,700 157,500 0.25 0.3013584028 -35,000 8,000
18 296,000 192,000 0.10 0.5672602491 54,000 216,000 232,000 0.10 0.3565700202 -46,000 8,000
19 409,500 262,500 0 0.5168497047 54,000 262,500 315,000 0 0.4203343382 -46,000 8,000

* Staff's model modified to reflect influence of smaller averaging time (1 hour)
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’bo£h the tidal period and the start of the ebb flow at the Battery with respect
to sunrise were varied in Model 1 under both comparison runs (Run 1 and Run 2)

‘with the Staff's transport model (Model 24) with resultant minor differences
in the percent reductions. The summary of the results is presented in Table

A-2-2.

Runs‘of Model 1 using the larval migratory behavior during the day resulted

in weekly averaged values of the fraction of the population in the upper

and lower layer of about .18 and .82, respectively. These frac.tional values
were rounded to .2 and .8 and were used as the daily average values (in Model 24)
of the larvae in the upper and lower layer, respectively, for the comparison

runs (Run 1 and Run 2).




TABLE A-2-2 .

INFLUENCE OF APPROXIMATING THE 12.42 HOUR TIDAL PERIOD BY 12 HOURS AND INITIAL CONDITIONS AT BATTERY

MODEL 1 MODEL 24
Run 14/ Run 1 (<) Run 1 (3] Run 2 (%) Run 2 (2) Run 2 (6] Run 1 Run 2
% Reduction % Reduction % Reduction % Reduction % Reduction % Reduction % Reduction % Reduction
Week No. Total Nursery Total Nursery Total Nursery Total Nursery Total Nursery Total Nursery Total Nursery Total Nursery
1 2.30 5.88 2.18 5.60 2.24 6.39 .69 1.86 .68 1.95 .78 2.56 2.79 13.90 1.18 5.93
2 4.36 9.24 4.32 9.59 4.25 9.72 1.35 2.95 1.42 3.40 1.51 3.85 4.98 21.21 2.18 9.38
3 6.39 11.98 6.23 11.76 6.20 12.34 2.01 3.87 2.05 4.11 2.24 4.87 7.13 25.13 3.19 11.39
4 8.39 14.36 8.24 14.64 8.09 14.55 2.67 4.69 2.79 5.29 2.95 5.75 9.46 27.46 4.31 12.67
5 10.36 16.50 10.08 16.15 9.93 16.51 3.33 5.44 3.42 5.70 3.66 6.54 12.05 29.24 5.57 13.68
6 12.29 18.47 11.98 18.59 11.73 18.31 3.99 6.15 4.14 6.85 4.36 7.28 14.93 30.96 6.98 14.67
7 14.18 20.34 13.78 19.90 13.49 20.01 4.64 6.83 4.77 7.12 5.06 7.99 18.06 32.82 8.55 15.73
8 16.03 22.12 15.56 22.05 15.21 ° 21.65 5.30 7.49 5.47 8.25 5.75 8.67 21.40 34.87 10.24 16.90
9 17.84 23.84 17.31 23.34 16.90 23.23 5.94 8.14 6.10 8.48 6.43 9.35 24.85 37.11 12.02 18.20
(1) Plant withdrawal at average segment concentration (5) Same as (3) except tidal period = 12.42 hours
Ebk flow at Battery at sunrise :
(i.e. Lag time at Battery = 0) (6) Same as (3) except ebb flow at Battery is 6.45 hours after
Tidal period = 12 hours . sunrise.
(2) Same as (1) except tidal period = 12.42 hours Notes: Other run conditions for Run 1 and Run 2 are shown

in Table 1, Table A-2-1 and Figure A-2-1
(3) Same as (1) except ebb flow at Battery is 6.45 hours after sunrise

(4) Plant withdrawal at upper layer concentration
Ebb flow at Battery at sunrise
Tidal period = 12 hours
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I. INTRODUCTION

|
This presentation is in response to a request by Dr. Geyer to Dr. Lawler

. (Friday, December 15, 1972, Tr. 7782) for an expansion of Table 24 of the
October 30, 1972 testimony of Dr. Lawlgr. Dr. Lawler indicated, in response
to Dr. Geyer, that additional computer runs were being made, to test the
sensitivity of the model to the various control parameters (f factors,
migration preferences, compensation,dispersion.) This presentation is divided

into three sections. /

Section II deals with the effects on the striped bass population by the plant
when no compensation(l), several levels of compensation(l), several migration
preferences, differential larval survival (a different larval survival is
used for each segment or reach of the Hudson River), differential migrations
(variable migration% within a stage and for several stages within a single
computer run), several levels of total spawn, several sets of f factors and
several dispersion coefficients are considered. A variety of combinations of

each of the aforementioned are considered.

Section III is concerned with the effect which has occurred in the striped
bass population from 1949 to present day. It considers the effect due to
the existing River stations (Lovett, Danskammer, and Indian Point) operating

on the Hudson during that period.

Section IV summarizes the foregoing and presents a variety of items, developed

since presentation of the earlier testimony, which I consider to be relevant

Q

and important to proper interpretation and application of the Applicant's model.

(1) Equation 1, page 23, October 30, 1972 Testimony




IT. SENSITIVITY ANALYSIS

The results of the runs made to test the transport model sensitivity are
presented in Table 1. Percentage reduction in the year class one recruit-
ment, as well as in the total adult population (ages 1-13 years) are given

in this table.

Tables lKE, IM, and 1lF, respectively, display the early stage rates, migrations,
and f-factors considered. The table notation (lKE, 1F, 1M) was selected
to provide easy recognition of the major parameters (Ko/KEr M, F) being

varied, when examining the Run Conditions column in Table 1.

Discussion of several individual sets of runs listed in Table 1 follows.
Each set was designed to test the sensitivity of the model to a particular
control parameter (compensation, f-factors, etc.) or to a combination of
paraﬁeters (high compensation with high f-factors, low compensation with low
f-factors, etc.)

1. Effect of Low Compensation and High Migration
@ "Current Best Estimate" f-Factors

Clark and Goodyear both estimate miggation past Indian Point to be extensive
during the stages supposedly vulnerable to entrainment. Clark estimates 75%
of the early stage fish pass Indian Point by the period mid-August to mid-

October, and Goodyear estimates 85% pass the plant by early August. We have
used these percentages as indicative of high downstream migration preferences

at the end of the J; stage.

These migration preferences are considered to be quite conservative, since

the median fish leaves the Jp stage before mid-July, and all of them leave
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Table 1

Results of Compute@s of OL&M Model

Percent Reduction

Percent Reduction in Year 1 Year 5 Year 10
Case Run ¥ Production of: Total Total Total
Number Run Names Conditions Larvae J-1 J-I1 J-IIT Adult 1 Adult Adult 1 Adult Adult 1 Adult Comments
1 CLKEI 1F-31 0.11 2.47 3.80 0.76 2.26 1.58 3.16 2.88 5.01 4.90 75% migration to
CLKEET 1Kg-1d segments 7 and 8
1M-1 occurs. Ky = KE/2.
Not projected for
- a 20-year run.
2 CLKFI 1F-32 0.11 0.92 1.19 0.25 2.07 1.45 2.71 2.52 4.01 3.93 75% migration to
CLKFFI 1Kg-1d segments 7 and 8
1M-1 occurs. K, = Kg/2.
Not projected for
a 20-year run.
3 CLKEIl 1F-30 0.11 2.25 4.16 4.35 5.92 4.15 9.46 8.39 18.79 17.93 75% migration to
BLKEIl 1Kg-la segments 7 and 8
1M-1 occurs. Ky = Kg.
4 CLKEI8 1F-29 0.11 2.44 4.15 3.07 3.54 2.48 5.68 4.93 7.48 9.74 75% migration to
BLKEIS8 1Kg-1lc segments 7 and 8
1M-1 occurs. K, =0.8Kg.
5 CLKEI9 1F-28 0.11 2.23 4.22 3.90 4.70 2.97 7.35 6.59 13.83 13.32 75% migration to
BLKEI9 1Kg-1b segments 7 and 8
IM-1 occurs. K, =0.9Kg-
6 CLKFI1 1F-25 0.11 0.83 1.33 1.52 3.13 2.20 5.55 4.82 12.00 11.39 75% migration to
BLKFI1 1Kg-la segments?7 and 8
1M-1 occurs. K, = Kg.
7 CL8El 1F-24 0.11 2.24 4.10 4.30 5.87 4.12 9.42 8.35 18.77 17.91 85% migration to
BL8El 1Kg-1la segments 7 and 8
1M-2 occurs. K, = Kg.
8 CL8ES 1F-26 0.11 2.44 4.10 2.81 3.42 2.40 5.40 4.80 9.98 9.64 85% migration to
BL8ES 1Kg-1c segments 7 and 8
1M-2 occurs. K, = Kg.
9 CL8E9 1F-27 0.11 2.38 4.16 3.74 4.59 3.22 7.24 6.44 13.75 13.20 85% migration to
BL8E9 1Kg-1b segments 7 and 8
1M=-2 occurs. Kg=0.9%g.

*Run Conditions 1F are found in Table 1F, conditions 1Ky in Table 1Ky

and 1M in Table 1M.



Table .

{Continued)

Percent Reduction

Percent Reduction in Year 1 Year 5 Year 10
Case Run ¥ Production of: Total Total . Total
Number Run Names Conditions Larvae J-I J-II J-III Adult 1 Adult Adult 1 Adult Adult 1 Adult Comments
10 LAR550 1F-45 0.11 2.87 2.90 3.00 3.33 2.26 3.06 2.98 2.73 2.75 Larval survival of
1Kg-3a 5%. A total egg
1M-8 production of 21
billion used
throughout spawning
season.
11 LARS515 1F-44 2.69 3.00 2.97 3.11 3.51 2.44 3.47 3.42 4,07 4.04 Larval survival of
lKE—3a 5%. A total egg
1M-8 production of 6
billion used
throughout spawning
seasone.
12 AEC1 1F-10 0.11 2.94 2.94 0.32 2.40 1.68 3.14 2.91 4.79 4.71 Interesting
CAEC1 1K _-2a migrations.
iM-11, 12
13 CLKINT 1F-61 0.11 2.94 3.19 0.80 2.34 1.64 - - - -
1K _-2a
lﬁgl
14 CLKA 1F-35 0.26 5.27 13.80 14.00 15.41 10.81 22.08 20.08 38.73 37.29 K = K_ for all
CLKAA 1KE-la s%ages. Impinge-
1IM-1 ment. No compen-
sation.
15 CLKB 1F-36 0.26 5.84 13.16 3.41 3.28 2.30 5.08 4.53 8.71 8.52 With compensation.
CLKBB 1K _-1d Impingement. Com-
1M-1 pensation.
16 CLKC 1F-37 0.26 5.27 13.80 13.85 13.85 9.71 19.23 17.59 33.06 31.83 KE = KO for all
CLKCC lKE—ld stages. No
1IM-1 impingement.
17 CLKD 1F-38 0.26 5.85 13.16 3.36 1.32 0.93 2.75 2.32 5.58 5.43 Compensation. No
CLKDD 1K_-1d4 impingement
IM-1
18 CLKE 1F-39 0.11 2.48 3.80 0.72 0.28 0.19 0.72 0.58 1.61 1.56 Compensation. No
CLKEE 1K_-1d impingement.
1M-1

*Run Conditions 1F are found in Table 1F, conditions 1lKg in Table 1K

and 1M in Table 1M,



Table 1
(Continued)
Percent Reduction
Percent Reduction in Year 1 Year 5 Year 10
Case Run * Production of: Total Total Total

Number Run Names Conditions Larvae J-I J-II J-III Adult 1 Adult Adult 1 Adult Adult 1 Adult

Comments

30 KE75 1F-4 0.11  3.25 3.24 3.37 3.74 2.63 4.91 4.56 6.80 6.63
KE7575 1Kg-2c
1M-8
31 BEST6 1F-2 0.11  3.37 4.26 4.64 6.63 4.63 8.03 7.59  13.11 12.72
BEST66 1Kg-2d
1M-8
32 BESTS 1F-1 0.11 2.94 3.02 3.0l 3.20 2.25 3.78 3.61 4.39 4.34
BEST55 1K -2a
1M~8
33 CLKH 1F-63 - - - - 2.91 2.04 4.42 4.19 7.47 7.31
CLKHH 1Kg-1d
1M-1

*Run Conditions 1F are found in Table 1F, conditions 1lKg in Table lKE
and 1M in Table 1M.

Ko = 0.75Kg in lar-
val stage.

Ko = Kg-

Ko 0.25 Kp in
larval stage.

With compensation.



(Continué!

Table

Percent Reduction

Percent Reduction in Year 1 Year 5 Year 10
Case Run * Production of: Total Total Total
Number Run Names Conditions Larvae J-I J=-II J-III Adult 1 Adult Adult 1 Adult Adult 1 Adult Comments
19 CLKF 1F-40 0.01 0.93 1.19 0.20 0.08 0.05 0.25 0.21 ' 0.54 0.53 Compensation. No
CLKFF 1K_-1d impingement.
1M-1
20 CLKG 1F-41 0.20 4.06 10.72 10.92 12.39 8.69 18.01 16.30 32.44 31.15 No compensation.
CLKGG lKE—la : Impingement.
1M-1 :
21 RAM1 1F-5 0.11 2.94 3.06 0.98 2.25 1.58 2.96 2.80 4.34 4.33 Differential sur-
CRAM1 1M-3 vival in the lar-
lKE—Z val stage.
22 RAM2 1F-6 0.11 2.94 3.17 1.00 2.30 1.61 3.01 2.83 4.40 4.36 Differential sur-
CRAM?2 1M-4 vival in the lar-
lKE—Z val stage.
23 RAM3 1F-7 0.11 2.94 3.24 0.97 2.32 1.63 3.04 2.88 4.45 4.43 Differential sur-
CRAM3 1M-5 vival in the lar-
lKE—2 val stage.
24 RAM4 1F-8 0.11 2.94 3.27 0.88 2.34 1.64 3.39 2.95 4.50 4.52 Differential sur- '
CRAM4 1M-6 vival in the lar-
lKE—2 val stage.
25 RAMS5 1F-9 0.11 2.94 3.26 0.77 2.35 1.65 3.07 2.86 4.52 4.46 Differential sur-
CRAMS5 1M-7 vival in the lar-
lKE—2 val stage.
26 LS05 1F-11 0.11 2.26 2.49 2.65 3.28 2.31 3.54 3.47 3.89 3.87 Ko = 0'25Ke'
CLSO05 1K_-3a
1M-8
27 LSIO 1F-12 0.11 2.35 2.49 2.58 2.95 2.07 3.38 3.24 3.81 3.79
CLSIO 1K_-4a
1M-8
28 DIFMIG 1F-62 0.11 2.94 2.96 2.91 3.17 2.23 - - - - Differential migra-
lKE—2a tions. Differential
1M-9 larval survival.
29 KE5 1F-3 0.11 3.10 3.13 3.22 3.51 2.47 4.14 3.95 4.92 4.85 K = O.SKE.
e}
KE55 lKE—Zb
1M-8

*Run Conditions 1F are found in Table 1F, conditions 1Kg in Table 1Kg
and 1M in Table 1M.



"f£" FACTORS CHOSEN FOR SENSITIVITY ANALYSIS RUNS

Case

W O~ Dd W

41*
44*
45%*
57
58
59
61l
62
63

TABLE 1F

Entrainable Stages

fe

0.41
0.41
0.41
.41
.41
.41
.41
.41
.41
.41
.41
.41
.40
.03
.40
.40
.40
.40
.40
.40
.03
.00
.00
.00
.00
.40
.03
.75
.41
.41
.00
.41
.41
.41
.41
.75

OOOOOI—‘OOOOOP—‘HI—‘HOOOOOOOOOOOOOOOOOO

f1

OOOOOP—‘OOOOO)—‘}—‘I—-‘!—‘OOOOOOOOOOOOOOOOOOOOO

.39
.39
.39
.39
.39
.39
.39
.39
.39
.39
.39
.39
.40
.15
.40
.40
.40
.40
.40
.40
.15
.00
.00
.00
.00
.40
.15
.75
.39
.39
.00
.55
.39
.39
.39
.75

Lo
0.09
0.09
0.09
.09
.09
.09
.09
.09
.09
.09
.09
.09
.20
.05
.20
.20
.20
.20
.20
.20
.05
.00
.00
.00
.00
.20
.05
.75
.09
.09
.00
.30
.11
.09
.09
.75

OOOOOP—‘OOOOOHP—‘P—‘F—‘OOOOOOOOOOOOOOOOOO

Impingement
fJ2 fJ3

0.00374 0.01249
0.00727 0.02469
0.00412 0.01367
0.00458 0.01510
0.00580 0.07439
0.00470 0.07589
0.00414 0.07756
0.00392 0.07954
0.00400 0.08181
0.1008 - 0.09401
0.00533 0.01686
0.00408 0.01301
0.00691 0.10008
0.00647 0.10017
0.00585 0.08758
0.00638 0.09322
0.00638 0.09350
0.00548 0.08668
0.00647 0.10017
0.00435 0.07799
0.00435 0.07799
0.00647 0.10017
0.00435 0.07799
0 0
0 0
0 0
0 0
0.00647 0.10017
0.00452 0.01470
0.00419 0.01360
0 0
0 0
0 0
0.00440 0.08115
0.00605 0.02922
0.00435 0.07799

fy +£5_ were computed on the basis of the expected total numbers
imaingéd and the predicted population for that stage.
and iN stage J3,

impingement in stage Jj was 16,000 striped bass,

30,000 bass,

Generally



TABLE 1K
E

MINIMUM MORTALITY RATE COEFFICIENTS, "KO",
SELECTED FOR SENSITIVITY ANALYSIS RUNS

Transport Model Early Life Stage

Run
Condition Eggs Larvae J-I J-II J-III
1* 0.153506E+I" 0.677543E-1 0.536479E-1 0.5134422E-2 0.1065090E-1
la Ko=Kg Ko=KE Ko=KE Ko=KE Ko=Kg
1b Ko=Kg Ky=0.9Kg Ko=0.9Kg Ko=0.9Kg K,=0.9Kg
lc KO=KE KO=O.8KE KO=O.8KE KO=O.8KE Ko=0‘8KE
14 Ko=Kg Ko=0.5Kg Ko=0.5Kg Ko=0.5Kg Ko=0. 5Kg
Seg- Differential
ment Survival **
K = 1 0.99 Ko=Kg K =Kg Ko=Kg
2 0.1492045
3 0.9743760
5 4 0.7004865E-1
5 0.5517498E-~1
6 0.5820145E-1
7 0.7304865E~1
8 0.5096844E-1
2a Ko=Kg Ko=0.25Kg  Ky=0.5Kg Ko=0.5Kg K5=0.5Kg
2b KO=KE KO=O . SKE KO=O . SKE KO=O . SKE KO=O . SKE
2c KO=KE KO=O.75KE KO=O.5KE KO=O.5KE KO=O.5KE
2d Ko=Kg Ko=Kg Ko=KE Ko=KE Ko=Kg
Ehbd Ko=Kg 0.10699 Ko=Kg Ko=KE K =Kg
3a Ko=Kg K,=0.5Kg Ky=0.5Kg Ko=0.5Kg K,=0.5Kg
axxx g =k 0.822352E-1  K_=Ky K =Kg K =Kg

*This gives the value of

, the first order mortality rate for all

run conditions with the eXception of the larval stages in run

conditions 3 and 4.
given and K, =Kg.

In those stages, the chosen value of Kg is

**Differential survival in larval stage by segment. The values given
are the KE values, KO=KE.

+
E+l




TABLE 1M

MIGRATION PREFERENCES SELECTED FOR SENSITIVITY ANALYSIS RUNS

Segment
Case 1 2 3 4 5 6 7 8 Stage
1 0 0.00083 0.001l66 0.00666 0.01832 0.24854 0.22689 . 0.49709 Jl
2 0.025 0.025 0.025 0.025 0.025 0.025 0.2125 0.6375 J1
3 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 Jl
4 0.02649 0.05563 0.08344 0.11126 0.13907 0.16689 0.19470 0.22252 Jl
5 0.00412 0.01784 0.04034 0.07350 0.11812 0.17486 0.24430 0.32692 J1
) 0.00043 0.00363 0.01340 0.03617 0.07995 0.15438 0.27065 0.44140 Jl
7 0.00003 0.00046 0.00310 0.01358 0.04413 0.11705 0.26855 0.55309 Jl
8 0.04406 0.07573 0.07819 0.09281 0.171406 0.18005 0.10089 0.25681 Jl
0.00630 0.01083 0.03458 0.04105 0.06463 0.06787 0.21852 0.55623 J2
9 0.03468 0.05960 0.16997 0.20175 0.15857 0.16652 0.05892 0.14998 Jl1
0.04406 0.07573 0.07819 0.09281 0.17146 0.18005 0.10089 0.25681 J12
0.05214 0.08961 0.07453 0.08847 0.18275 0.19191 0.09042 0.23017 J13
0.05214 0.08961 0.07453 0.08847 0.18275 0.19191 0.09042 0.23017 J21
0.06160 0.10587 0.08030 0.09532 0.21485 0.22562 0.06105 0.15539 J22
0.05227 0.08984 0.06405 0.07602 0.22215 0.23329 0.07400 0.18837 J23
0.04223 0.07257 0.05794 0.06878 0.22524 0.23653 0.08369 0.21303 J24
0.02531 0.04349 0.05209 0.06183 0.15577 0.16357 0.14045 0.35750 J25
0.00630 0.1083 0.03458 0.04105 0.06463 0.06787 0.21852 0.55623 J26
10 0 -0 0 o] 0 0 0 0 J3
11 0 0.00108 0.00544 0 0.00046 0.05651 0.01486 0.92165 Jl
12 0 0] 0.00095 0 0.00153 0.25037 0.17799 0.56917 Jl



‘ before the end of August. <Clark's analysis, for example, shows that this

level of migration has occurred by mid-August to mid-October, but not

necessarily before.

This set of runs, in which downstream migration is conservatively high,

maximum compensation potential is set quite low and supportable "f" factors

are employed is considered to be relatively conservative. Results are shown

below.
| High Migration, Low Compens.ition, Best "f" Factor Estimate
% Fish below % Reduction
Ratic of Minimm Indian Point at Young of the
Mortality Rate to Znd of Jy Stage Year Recuits All Adults
Run # Entrainment "f" Factors First Order Fatg_ (Migration Preference) at Year 1 10 Year
fz £, fJI (Ko/K'E) .
4 .4 .4 .2 .8 75 3.5 9.7
. 8 .4 .4 .2 8 85 3.4 9.7
5 4 .4 .2 .9 75 4.7 13.8
9 .4 .4 .2 .9 85 4.6 13.2
3 .4 .4 .2 1.0 75 5.9 17.9
| 7 .4 .4 .2 1.0 85 5.9 17.9
| 2 .4 .4 .2 0.5 75 2.1 3.9

These results show that even in the presence of high migration, population

reduction can be controlled, provided some compensation is occurring. Actually,

it appears likely that even if an early strong downstream migration occurs,

as is postulated here, the plant effect will probably have been substantially

‘ less than is shown here. Dr. Lauer's testimony of today indicates that larvae

greater than 3/4" long were not observed in his discharge canal samples.

. Dr. Raney's testimony of today indicates the preference for shallow water of




such early forms. Both of these observations would reduce the Jt "f" factor
still further, and Raney's observations suggest the downstream migration

may not be so strong as used in the foregoing runs.

Further examination of these results indicates, as discussed by Dr. Lawler
on December 13 and 15, 1972, that a relatively small compensation potential

appears to be all that is needed to protect the population. The figure below,

which is a plot of the 75% migration runs for various compensatory ratios, shows
that a compensation ratio of about 0.8 appears to be sufficient to keep the
plant effect to a minimum. This is significant, because it does not seem
unreasonable to judge that nature can provide at least this relatively minimal

compensation requirement.

Data from Runs 2, 3, 4, 5

. . High Migration - 75% below Indian Point at end of J; Stage

Current Best "f" Factors

20
10 years

[
wn

et
o

5 years

Percentage Reduction of
Year Class One Recruits

1 year

0 .2 .4 .6 .8 1.0

!
/

P . K
Minimum Mortality Rate ¢ O

First Order Mortality Rate KE




2, Differential Mortality, Variable JI
Migrations and Larval Compensation

This set of runs employed different survival rates in each segment. This
possibility was discussed in the October 30, 1972 testimony as being a possible
means of explaining the larval concentration curves developed by Carlson and
McCann. Only migration rates were varied in this set of runs. It can be seen
that, due to the relatively high levels of compensation, the model is insensi-

tive to migration rates.

Differential Mortality, Variable "I Migrations and Larval Compensation

% Reduction

J. Migration " . Young of
. " Percent in Year Recruits  All 2Zéults
Run # Entrainment "f" Factors Compensation l'atio, o/ Kg Segments 7 & 8 at Year 1 10 Year
fE fr, fJI Larvae JI'JII'JIII

21 .41 .39 .09 .25 .5 25 2.25 2.33
22 .41 .39 .09 .25 .5 42 2.30 4.36
23 .41 .39 .09 .25 .5 56 2.32 4.43
24 .41 .39 .09 .25 .5 71 2.34 4.52
25 .41 .39 .09 .25 .5 82 2.35 4.46

fhese runs represent behavior, at least as far as percentage reductions are
concerned, that may well be the case once the plant is operating on a long term
basis. Compensation may possibly be high in the larval stage, but the probable
existence of lower f factors, particularly in the J; stage, may still effect

o
thes%/low reductions.

!

3. Differential Intra-stage Migrations and
- Differential Larval Survival

This run looked at varying the migrations on a bi-weekly basis. It demonstrates

the ability of the model to accept weekly (and even daily) distributional data,



when such becomes available.

0.5 for juvenile stages) hold the percentage reduction at relatively low levels.

Differential Intra-stage Migrations and Differential Larval Survival

Moderate levels of compensation (0.25 for larvae,

Migrations % Reduction
JI percent “II Percent Young of
Migrations to Migrations to Year Recruits All Adults
Run # Entrainment "f" Factors Segments 7 & 8 Seqments 7 & 8 at Year 1 10 Year
fp fy, fJI
28 .41 .39 .09 20 31 3.2 2.2
35 21
32 25
30
50
77

4. Variable "f" Factors, High Migration,

Moderate to No Compensation

These runs show clearly that without compensation and with the assumption that
the plant sees and destroys organisms at the area-average River concentration

at Indian Point (all "f" factor set to unity), substantial reductions can occur.

Variable "f" Factors, High Migration, Moderate to No Compensation

% Reduction

Young of

Compensation Year Recruits All Adults

Run # Entrainment "f" Factors Impingement Ratio at Year 1 10 Years
fE £ £3. (Ko/Kg)

14 1 1 1 Yes 1.0 15.41 37.3
15 1 1 1 Yes 0.5 3.28 8.52
16 1 1 1 No 1.0 13.85 31.8
17 1 1 1 o 0.5 1.32 5.43
18 .4 .4 .2 No 0.5 0.28 1.56
19 .03 .15 .05 No 0.5 .08 0.53
20 .75 .75 .75 Yes 1.0 12.39 31.2



With moderate levels of compensation, however, entrainment losses, if they
occur, will be controlled. Furthermore, when current minimum estimates of

f factors are used, reduction is virtually negligible.

5. Reduced Larval Survival, Increased Egg Production

These runs look at what is considered to be a more probable estimate of the
"real" egg production and larval survival than the Carlson and McCann data
vield. The likelihood of larger egg production and reduced natural larval

survival is discussed in the October 30, 1972 testimony.

The impact of the plant for reduced larval survival, increased total eggs,
a 76 percent migration to segments 7 and 8, with a compensation ratio of
Ky/Kg of .5 shows in run 10 and 11, regpectively, a 3.3 and 3.5 percent
reduction to the young of the year at end of one year and, fof the adults
at the end of 10 years, a percentage reduction of 2.75 and 4.04. The total
eggs for run 10 is 21 billion and for run 11, six billion. The larval
survival is‘5 percent. In both cases, compensation controls and holds the

reduction to a minimum.

6. Variation of the Longitudinal Dispersion Coefficient

In response to Staff and Board suggestions, (December 15, 1972), the model
was operated using a variety of dispersion coefficients in segments 7 and 8

(Bear Mountain Bridge to below the‘Tappan Zee Bridge).

All previous runs were made with dispersion coefficients given in the
October 30, 1972 testimony. In those runs for segments 7 and 8, a value

of 12 square miles per day was used throughout June and July.

L



Values of 8, iO, and 14 square miles/day were tested. Virtually no difference,
as had been expected, occurred for the base case of no plant operation. As

of today, we have not yet tested the case of plant operation, due to computer
facility difficulties beyond our control. Although we expect no more than
negligible differences for this range of dispersion, even with the plant
operating, we will submit the results for the case of plant operation as soon

as they become available.




ITI. COMPARISON TO EXISTING PLANTS

The model was tested by simulating the operation of electric generating
stations that have been operating on the River over the past 25 years.
These include the Lovett, Danskammer and Indian Point Unit 1. Location
and operating characteristics of these stations are given in previous

testimony (Table 1, October 30, 1972).

Modeling was accomplished by starting operation of the life cycle model

in 1948, the year before the first unit at Lovett went on line and then
bringing each unit into operation in the model in the year it actually went

on line. Table 2 lists the year each unit went on line, the period over

which a given total flow is being withdrawn from the River, unit identification,
circulating water system flow for each unit and the total flow being with-

drawn from the River during any interval of operation.

Data on Hudson River striped bass landings over the period 1930-1968 shows
approximately a 5% per year increase in catch. For the sake of the ensuing
analysis, we have assumed population growth has paralleled the landing

statistics and have used a 5% per year growth rate in the life cycle model.

During the period of plant operation, then, the River striped bass population
is assumed to increase at a 5% yearly rate. To determine the impact oprlant
operation on the River, we first ran the model to generate this growth rate
in the presence of operating plants, and then, without plant operation,

computed the rates of "natural" population increase.
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Table 2

Cumulative Plant Intakes 1949-1973

Year Plant

First on Line

and Interval of

Operation of the

Given Cumulative
Flow

49-5]1

52-54

55-59

60-62

63-65

66-67

68

69-73

Plant

Lovett #1
Lovett #2

Danskammer #1

Lovett #3
Danskammer #2
Danskammer #3
Indian Point #1
Lovett #4
Danskammer #4

Lovett #5

River
Unit Flow Withdrawal
(cfs) (cfs)
57.40 57.40
57.40
100.26
157.66 215.06
95.64
100,26
195.90 410.96
200.52 611.48
695.13 1306.61
236.84 1543.45
316.38 1859.83
273.28 2133.11

.
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Conditions comparable to those given in the previous testimony ("apparent
best estimate" and "apparent maximum") for f factors, as well as the

maximum f factor case (all entrainment f factors = 1.0) were employed.
Compensation was not employed. Results are shown below for the period of
operation between 1963 and 1973, the period during which Indian Point Unit 1,

and the last Lovett and Danskammer units began operation.

Percent Computed Computed Natural

Reduction in  Natural Population Growth
Condition 10 Years Growth Rate % Increase N-Fold
Maximum | 24 1.078 112 2,12
Apparent Maximum 11 1.062 82 1.82
Best Estimate 6 1.057 74 1.74
No Plant 0] 1.050 63 1.63
Staff Model 80 1.230 714 8.14
Staff Model 60 1.150 307 4,07

\

For each condition, the 10 year adult population reduction is shown in

column 2. Column 3 gives the computed natural growth rate; i.e., the growth

~rate that would have occurred, had the plants not been in operation. Columns

4 and 5 give the increase in population that would have occurred in the

absence of plant operation.

The Staff's model was also run under similar conditions. Operation of this
model yielded reductions between 60 and 80% in the 10 year adult population;
i.e., the adult population that would be present in 1973 after 10 years of

/
staggered plant operation.
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. These results show clearly the superiority of the applicant's model, in
that the Staff's model shows almost runaway growth rates in the absence of
plant operation, i.e., 4 fold to 8 fold population increases in 10 years.
These border on the preposterous, particularly when one considers that
‘éohtinued operation, say for 20 years, would simply yield éontinued

exponentially increasing growth.

This last comment is clear evidence of the fact that some compensation is
required in any of these models, to properly simulate expected fish growth
behavior. Operation of the Applicant's model with compensation will prevent

unlimited growth just as it has been previously shown to prevent unlimited

decay.
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‘ ‘ IV. SUMMARY

1. a sensitivity analysis of the QL&M transport model has been performed

‘ : and presented in the foregoing. This analysis shows that the presence
of compensation is important, but shifts in natural mortality rates need
not be major to keep the percentage reduction in the population to a
minimum. Such shifts appear to be no greater than the natural fluctua-
tions in mortality iates which .occur in a bio-system of this type, and
which may simply be reflecting the system's own innate ability to

compensate in a natural environment.

2. Consideration of actual early stage distributions in the Indian Point
vicinity is also important, as is a knowledge of the actual plant-
induced mortality as. the organism passes through the circulating

’ water system. Evaluation of all available data suggests strongly
that these effects, translated into computational terms as "f" factors,
cannot be ignored, i.e., "f" factor values are substantially less than

unity.

3. Results of the sensitivity analysis, for uses when major migration
is assumed to have occurred past Indian Point by the end of the assumed
entrainable stage, and which cover the ranges of minimal to moderate

compensation and moderate to maximum "“f£" factors,are given below:

' Percent Reduction in
Compensation Ratio 1 Year 10 Year

_’ﬂum mortality rate "f" Factor Estimate Year Class One  Adult Reference

density independent rate) Eggs Larvae Juveniles Recruitment Population Run # (Table 1)
minimal (0.8) 0.4 0.4 0.2 3.5 9.7 8
moderate (0.5) 0.4° 0.4 0.2 2.1 3.9 2

moderate (0.5) 1.0 1.0 1.0 3.3 8.5 15
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These results suggest that year class one recruitment, after one year of
operation, may be expected to be reduced by 2 to 4%, and percentage
reduction in the 10 year total population may vary between 4 and 10%.

On the basis that the migration effect on entrainable stages has probably
beeh ovéresﬁimated in this analysis, and that entrainment vulnerability
and mortality may not be as severe as is estimated herein, I consider

the low end of these ranges to be closer to what may eventually occur

after long term plant operation.

The effect of the Danskammer, Lovett and Indian Point Unit 1 stations
on the River striped bass population was evaluated in the model. A

6% plant reduction effect was computed (no compensation, current best
f-factor estimate) and reflects a conservative estimate of the effect

of these stations over the past 10 years.

Evaluation of the existing plant effect was also made using the Staff's
model. A 20 to 25% reduction effect was computed. This reduces to the
order of 6% when refinements are introduced into the Staff's model,

as discussed in other testimony of this date.

In making these evaluations, a 5% per year increase was used to represent
the apparent growth rate of the Hudson River striped bass population in
recent years. When the plant operation is lifted, the model then yields
a natural growth rate of about 5.7% per year, and an increase in the

population over 10 years of about 6%.

Two conclusions are drawn from this. First, the computed effect of Unit
2 at Indian Point would have a similar effect on the growth rate, since

the projected percentage reductions are about the same.
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Secondly, and more importantly, these calculations again show clearly
that some type of compensatory action must take place. Unlimited growth
canhot occur in reality, but presumed large percentage removals by the
plants in the presence of actual population growth lead to the untenable
position of unlimited growth when the plant effect is lifted from

the system.

A number of additional considerations suggest the actual effect of Indian
Point Unit 2 may be less than that computed by the transport model.

In particular, these include migration behavior and condenser mortality.

Striped bass longer than 3/4" were not found in either intake or discharge
samples by Dr. Lauer. This suggests that they were either not present
(avoided the intake) or not damaged (if present, avoided the discharge

canal nets).

This translates to the possibility that the composite f factér for the
early juvenile étage () is zero or very nearly so. The result is-
elimination of the early juveniles as subject to entrainment, and reduction
of the period of entrainment by about 4 weeks. This will result in a

substantial decrease in the computed population reductions.

Dr. Raney's testimony suggests the abundance of these early forms all
along the River, and also that they tend to seek shallow water. ' The
former observation suggests a less rapid downstream migration than
has been employed in most of the computations presented. The latter
suggests they would not be in the intake vicinity, in keeping with

Dr. Lauer's observation of their absence in the intake samples.
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Our own observations tend to show that substantial migration downstream
does not occur until into September. Prior to that time, catch-effort
yields essentially similar densities from Kingston to Haverstraw Bay,
whereas afterward, up river populations fall off and Haverstraw Bay

populations increase markedly.

These observations all suggest that longitudinal migration downstream
does not occur as rapidly as has been postulated, and that lateral
shallow-water directed migration, which has not been seriously taken

into account, does occur.

They further suggest the actual period of entrainment is on the order
of 4 to 5 weeks, not 8 to 9, and that the numbers of organisms subject
to entrainment in these earlier weeks is lower than used in most of the

estimates made to date.

These observations are made to place perspective on the use of the model.
At this stage of their development, the various models employed in this
proceeding have been useful in defining the issues, and in placing a

variety of previously qualitative statements into a quantitative framework.

However, the mistake should not be made of allowing the models to appear
as "gospel." The River will behave of its own accord, and the models

can only help to define what that accord is.

The model, of course, has great utility and continues to lend itself

to evaluation of the type of observations described above. For example, in
evaluating the notion introduced above that early juveniles may not be
subject to entrainment, the data collection program design should be

guided by the model's requirements to evaluate this hypothesis conclusively.
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Therefore, as also stated in my concluding remarks on our evaluation

of the Staff's model, I contend that the model accuracy required for the
magnitude of the decision involved requires model development time of

the same order proposed by the Applicant for development of a satisfactory
data base. 1In fact, the Applicant's five yYear study plan envisions

mutual dependence of model and data base development. The model pro-
vides insight toward the type of data collection program necessary,

and the data obtained will permit continuing model refinement, of the

type described above.




. BEFORE THE UNITED STATES

ATOMIC ENERGY COMMISSION

In the matter of

CONSOLIDATED EDISON COMPANY OF
NEW YORK, INC.

DOCKET NO. 50-247

e Nt e N S

(Indian Point Station, Unit 2)

Answers by

John P. Lawler, Ph.D.
QUIRK, LAWLER & MATUSKY ENGINEERS

to Questions on the
‘ Statistical Analysis of Table 19
of the October 30, 1972 Testimony

on the
Effect of Entrainment and Impingement at
Indian Point on the Population of the
Hudson River Striped Bass

February 5, 1973




During the course of Cross Examination of Dr. Lawler by Dr. Geckler, the
‘ AEC staff posed the following two related questions pertaining to statistical
analysis of data on Table 19 of the October 30th testimony (pages 7767 and

7768).

DR. GECKLER: .The question deals with Table 19, which

follows page 60 and was corrected two days ago.

What would be your conclusion, Dr. Lawler, if the statistical
comparison which you intent to carry out would -- indicated
there were no significant differences among the various

numbers and, therefore, no reason for believing them to be

. different?

Response by Dr. Lawler to this question was directed toward defining the
procedure by which the proper tests of significance would be chosen.

‘ Dr. Geckler, apparently desirous of clarifying what he had in mind then

asked:

DR. GECKLER: Would an adequate technique be to take the
means and standard deviations and make the comparison according

to ordinary statistical tests?

Table 19 presents data from which the "f2" factor, the ratio of the daily

' average intake concentration of early fish forms to the daily average

"upper east quadrant” concentration of these forms, is computed.




This written response to Dr. Geckler's question begins with a clear definition
of the various means employed to compute "f,", discusses the statistical
. procedures used, presents the results of the statistical analyses and

draws conclusions on the range of probable f, values.

The factor defined by the term “f2" as presented in Table 19 is expressed

in four different ways.

Viz:
I, + I
N D
FORMULA : _2—"
(1) £, = East Shore Unweighted
Ey + Ep
2
‘l' FORMULA : .
] 1/3 I+ 2/3 1
(2) £, = N D East Shore Weighted
1/3 EN + 2/3 ED
+ I
FORMULA : Iy * Ip
(3) £, = 2 East Quadrant Unweighted
On t 9p
2
FORMULA :
1/3 I, + 2/3 1Ip ,
(4) f2 = East Quadrant Weighted

1/3 Qg + 2/3 @

In the above expressions, I, E, and Q represent concentrations in the

Intake, in the upper East Shore and in the upper East Quadrant (0' to 20'

depth for both the East Channel and the East Shore), respectively,with the

subscripts N and D denoting Night and Day.
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It is originally stated on page 61 of the October 30, 1972 testimony, and
is reiterated here, that the East Quadrant concentration is the correct
value to use in computing f,, since this is how f, is defined. The East
Shore cases were inserted in Table 19 for illustrative purposes. More
specifically, defining formula #4, above, is considered to represent the

definition of f2 best.

Since the data were obtained by sampling at the appropriate locations during
several times over a 24 hour period, means for each of the terms in the
expression for f, can be calculated. A value of f, can then be calculated
based on the sampling means of each term. This procedure yields the )

values presented in Table 19.

It is quite possible that the true value of f2 might be quite different from
that computed on the basis of sample means. One estimate of the possible
range of f5 within which the true f2 may fall might be obtained by developing

confidence limits for each of the terms (In, Ip, etc.) in the f) formulae.

The confidence limits for each of these concentration parameters would
define, for a particular chosen level of certainty, over what range of values
the true population mean of that concentration would be contained. The
question might then be answered in terms of whether or not the population
means for the intake and upper east quadrant fall within the same range (no
significant difference), overlap to some degree (possible significant
difference, depending on degree) or don't overlap at all (demonstrated

significant difference.

It must be recognized that each of the parameters in the f, formulae actually

consists of the mean of a distribution of that variable and that, by nature
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of the methods of sampling, the maximum likelihood estimates of the population
means are the sample means. This produces an unbiased estimate and should

be considered as the best point estimate. This is what Table 19, as
ppesented and later corrected, represents. The method of calculating con-
fidence limits allows for obtaining a range in which the population mean
could be contained following which, inferences such as those described

above about the population may be drawn.

Rather than simply compare ranges of intake and upper east quadrant concen-
trations to determine significance, another possibility would be to estimate
the probable range of f, by computing Lower and Upper Confidence Limits for
each of the concentration terms. Then, using all £he lower Confidence Limits
of the térms, compute an f, value, and again, using all the Upper Confidence

Limits of the terms, compute another f, value.

It must be stated that these two operations would produce neither "worst case"
nor "best case" estimates as the effect is to change both the numerator and
denominator of the expression in a similar direction. Thus, these computed

f, values might not be too different from the f, mean value, although some

change in f) should be expectéd, since £t 2 ang X - A are different from
Y + B Y - B

X even if A = B.

Y

The results of performing the above operations are shown in Tables la and 1b.
Table la shows the upper and lower limits on the east shore and east channel

values, for a selected confidence interval of 95%. This means that there is

a 95% probability that the true mean of each parameter's population will fall

within the range given by the upper and lower confidence limits.




TABLE la

SIGNIFICANCE OF "f2" FACTOR FOR EARLY JUVENILES

All Sampling Data Reported as Numbers of Total Serranids per
Thousand Cubic Feet

Data of July 25, 1972
Means as Given in Table 19 as Corrected (Tr.7371-7374) 1

Day Sampling Night Sampling
East East Channel East East Channel
Mean 3.03 4.82 5.32 7.10
UCL 4.70 11.31 10.43 13.18
LCL 1.36 0.00 0.00 1.02
LCL* MEAN UCL*
Quadrant Average - Day 0.80 3.93 7.06
- Night 2.06 6.21 10.36
. Intake Concentration - Day 0.00 1.50 3.06
- Night. 0.00 1.01 14.67
*LCL = Lower Confidence Limit
UCL = Upper Confidence Limit

Note: A 95% Confidence Level has been chosen for this analysis.

lSee Footnote 1, page 5, this testimony.

TABLE 1b

ESTIMATION IN RANGE OF "f," VALUES
USING INTAKE & QUADRANT AVERAGE CONFIDENCE LIMIT APPROACH

Unweighted
Using Using Using
Basis for Analysis LCL's MEANS UCL'S
East Shore .00 .30 1.17
. East Quadrant .00 .30 1.02
. Weighted
East Shore .00 .35 1.04

East Quadrant .00 .29 .85




Considering the first approach suggested for determining significance, it
can be seen that, for the day sampling, there is some overlap between the
intake concentration ranges and the quadrant average concentration ranges.
In this case, the intake range begins and ends at substantially lower values
than does the quadrant average concentration. This suggests that, depending
on the level of significance chosen, a significant difference between the
two concentrations can be postulated, and for such, any given intake con-
centration will be significantly lower than its upper east quadrant counter-

part.

For the night concentrations, simple examination of the data shows that the
intake range encompasses the quadrant values. This would normally be inter-
perted as showing no significant difference. However, the problem here is the
small sample size of the intake which is reflected in the high value of the

Upper Confidence Limit. The Lower Confidence Limit is constrained to be no

less than zero on physical grounds.

Table 1lb shows values of f, calculated first using only the Lower Confidence

Limits shown in Table la, then using means’ shown in Table la and finally the

Upper Confidence Limits in Table la.

1 Intake mean concentrations in Table 1 are slightly different than those
reported in Table 19, since individual intake sample concentrations were
used in the Table 1 analysis, whereas, in developing Table 19, the intake
concentration was computed by dividing the sum of all fish taken at the
intake by the sum of all volume passed. Furthermore, as stated on cross-
examination (Tr. 7373) only one fish was observed in the intake at night,
although 2 were arbitrarily used in Table 19. In order to perform the
statistical analysis correctly, the actual observation of one fish in one
sample and zero fish in five other samples was used. It should be borne in
mind that the absence of fish is as valid a sample as any other and simply
demonstrates our contention that very few fish appear in the intake.




The above table shows possible values of f, using consistent criteria but

does not provide for a true measure of the actual confidence limits on the

mean f, itself. This technique, while it allows for a measure of some possible
values f, can take, uses essentially only point values of the individual con-
centrations and it therefore becomes desirable to abandon the previous approaches
and employ a methodology directed at developing proper confidence limits on the

"f2" value itself.

Observation of the various formulae given for f, on page 2 shows that f,

is not a linear combination of the individual terms. Since this is so, the
standard approach to taking confidence limits on functions of random variables
cannot be applied. A valid procedure is to perform a Monte Carlo technique

of statistical analysis on the observed data. The reasons for the use of

Monte Carlo methods and the methodology consist of the following.

As described above, an attempt to cbtain confidence limits on the mean value
of f5 or a deterministic description of the distribution of f, values as a
function of the individual terms is not possible due to the non-linear re-
lafionship of the terms. Additionally, the actual distribution of the indi-

vidual terms is not precisely known.

Monte Carlo makes use of the fact that given random samples from different
independent distributions (the individual concentration parameters) and some
operating function (in this case f2), the distributicn of the operating

function can be closely approximated by taking randomly selected possible




These results suggest that the true mean "f," value should fall within a
relatively narrow band around the sample mean value. Note that the mean

values on a quadrant average basis obtained via this procedure are only

slightly higher than those presented above in Table la.

Based on the foregoing analyses, all of which suggest the presence of an

"f," effect, and on the fact that the mean value still represents the best
estimate of f,, I believe our original best estimate of 0.5 for the f, factor
for the early juvenile stage is still valid. Furthermore, the probable range
in f,, presented on page 61 may be tightened to between 0.4 and 0.6, rather

than up to 0.8, the previously reported "apparent maximum."




II. SPECIFIC ITEMS TO BE CONSIDERED

An examination of the overall effect of Indian Point Unit 2 on the
dissolved oxygen concentration in the Hudson River requires the study
of both the cooling system dissolved oxygen and the dissolved oxygen
regime to be expected in the Hudson River mainstream. Studies by QL&M

relating to these two items are as follows:

(a) Cooling system mathematical model
. Determination of the effects of changes in temperature
and atmospheric pressure on cooling water oxygen con-

centrations.

. Field study of the Unit 1 cooling system to confirm

the model.

(b) Hudson River mathematical model
. Thermal studies to determine expected temperature rise

characteristics.

. Use of the Hudson River dissolved oxygen model to analyze
the effects of thermal discharges which include biochemical
oxygen consumption and reaeration, both of which are tem-

perature-dependent and are so used in the model.

. Field studies by QL&M to verify the effect of Indian Point

Unit 1 on the Hudson River dissolved oxygen.
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values of each independent parameter and calculating a particular value of
the operating function. If this is done, a large number of times the dis-

tribution of the particular values obtained simulates the distribution of the

operating function.

In reference to the data used in constructing Table 19, the following pro-
cedure was used. The raw data were averaged (0', 10', and 20' depth values)
for each particular sampling time at the East Shore and also for the East
Channel. Intake surface, mid-depth and bottom values for each particular

sampling time were also calculated.

This gave six sets of concentrations; i.e.,East Channel-Night, East Channel-
Day, East Shore-Night, East Shore-Day, Intake-Night, and Intake-Day, with
each number in a set being the average of three depths. The pairs of East
Shore and East Channel readings were then averaged to yield upper east quad-
rant values. Using a random number generator, a group of random numbers was
obtained with the random number for each set being contained within the range

of the number of values available in each set.

The particular values of the terms were then taken and a possible f, value
for each definition of f; was calculated. This procedure was performed
successively 300 times. Results of this procedure are given below:

FORMULA FOR "f»" (page 2)

Item (1) (2) (3) (4)
Mean 0.51 0.52 0.32 0.39
Upper Confidence 0.58 0.59 0.38 0.46

Limit (95%)

Lower Confidence 0.43 0.45 0.27 0.33
Limit (95%)
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I. INTRODUCTION AND SUMMARY

This testimony presents redirect—rebuttal testimony on the AEC Regulatory
Staff's evaluation of the effect of Indian Point Units 1 & 2 operation on
Hudson River dissolved oxygen (DO) concentrations as presented in the Final
Environmental Statement for Indian Point 2 ("Final Statement") and statements

made by Mr. John R. Clark on January 10, 1973 in this proceeding (Tr. 7940).

In addition to this testimony, the Applicant has submitted the following

documents on this topic:

. Testimony by John P. Lawler in this proceeding on January 11, 1972,
(Tr. 4428-4430).

. A'QL&M report entitled, "Effect of Indian Point Plant on Hudson
River Dissolved Oxygen", February 1972 together with Appendix C
(Generalized Comments on Dissolved Oxygen) to which it was attached.
Thes: :efe introduced into evidence in this proceeding (follows
Tr. 6256).

Oxygen gas, which is necessary for survival of desirable aquatic organisms, is
sparingly soluble in water. Since the amount of oxygen which can be dissolved
in water decreases as the temperature of the water rises, and pressure decreases,
concern has developed regarding the possible losses of dissolved oxygen from
water heated by 'once-through' power plant cooling systems. Another potential
route for loss of dissolved oxygen is through heat-enhanced metabolic oxygen

use. It is my opinion that these effects will not occur to an environmentally
harmful level as a result of two unit operation at Indian Point at any time

during the year including late summer and early fall.




III. PRESENTATICN OF DATA

A. COOLING SYSTEM DISSOLVED OXYGEN

In February 1972, Quirk, Lawler & Matusky Engineers presented a report to
Con Edison which described the dissolved oxygen changes to be expected in
the cooling water system of Indian Point Unit 2. Factors affecting dis-

solved oxygen that were considered in this study were:

. The change in dissolved oxygen saturation with temperature
. The change in dissolved oxygen saturation with decreased atmos-
pheric pressure caused by the siphoning effect used to reduce
pumping head.
. Present and possible future Hudson River dissolved oxygen
concentrations
Table 1 summarizes the results of this modeling study. To test the model
for Unit 1 operation, field examination of intake and discharge dissolved
oxygen concentrations was done in December 1971. The resulting samples,
taken hourly over a 26-hour period, showed an average reduction through the

condenser of 0.18 mg/l of dissolved oxygen, which is less than 2% of the intake

concentration.

B. HUDSON RIVER DISSOLVED OXYGEN

To test the effect of the Indian Point inplant loss of dissolved oxygén
on the Hudson River oxygen levels, a previously developed mathematical
model was employed. This model was presented in the January 1968 report
by QL&M titled "Effect of Indian Point Cooling Water Discharge on Hudson

River Temperature Dgstribution" and is described below.




TABLE 1

EFFECT OF INPLANT DISSOLVED OXYGEN LOSS ON HUDSON RIVER
DISSOLVED OXYGEN DISTRIBUTION AT INDIAN POINT

= TWO UNIT OPERATION -

Present DO Conditions Future DO Conditions
Item Summer Winter Summer Winter
River Parameters
River ambient tempera-
ture, °F 79 33 50 79 33 50
Freshwater flow, cfs 4,000 12,500 4,000 12,500
River ambient D.O.
concentration at I.P., .
mg/1 6.5 11.3 9.0 7.5 11.7 9.7
Plant Parameters
Intake temperature,
°F 79 33 50 79 33 50
Plant cooling water
temperature rise, °F 14.8 24,7 24.7 14.8 24.7 24.7
Discharge temperature
(rounded), °F 94.0 58.0  75.0 94.0 58.0 75.0
Cooling water flow,
cfs 2,500 1,500* 1,500%* 2,500 1,500* 1,500%*
D.0O. saturation, mg/1l
- at intake 8.2 14.4 11.3 8.2 14.4 11.3
- at discharge 7.2 10.3 8.5 7.2 10.3 8.5
Inplant Loss of D.O.
from the Cooling Water
Intake D.O. concentra-
tion, i.e., ambient
conditions, mg/1 6.5 11.3 9.0 7.5 11.7 9.7
Discharge D.O. concen-
tration (rounded), mg/l 6.3 10.9 8.6 7.2 11.2 9.3
Inplant loss of D.O.
mg/1 0.17 0.42 0.31 0.26 0.47 0.40

N

Effect on Hudson River
D.O. Distribution
River ambient D.O. con-
centration at I.P.,
mg/1 6.5 11.3 9.0 7.5 11.7 9.7
River D.O. concentra-
tion at I.P. including
plant operation
(rounded) , mg/1 6.48 11.27 8.88 7.47 11.67 9.67
Decrease in river D.O.
concentration at I.P,

- mg/1 (rounded) 0.02 0.03 0.02 0.03 0.03 0.03
- percent of ambient

concentration 0.30 0.26 0.24 0.35 0.28 0.28
Percent of total Lower

Hudson River content 0.07 0.06 0.06 0.07 0.06 0.06

*The cooling water flow throttled to about 60% of full during winter months.




The mathematical modeling of the river dissolved oxygen concentrations in-
cluded: (a) transport mechanisms by advection and dispersion, (b) first-
order bio-oxidation, (c¢) reaeration, (d) benthic oxygen intake, and

(e) constants (zero-order) to account for other mechanisms such as addi-
tion of B.O.D. due to river organism mortality, addition of dissolved oxy-

gen by algal photosynthesis, etc.

The Hudson River was divided into 28 segments of varying lengths between

the Troy Dam and the Battery. A material balance of B.0.D. was developed

- for each segmént and a set of 56 simultaneous equations was generated by

inverting the segment B.0.D. and dissolved oxygen solutions. into the
appropriate boundary conditions. The simultaneous equations were solved

using matrix inversion on a digital computer,

The effect of the Indian Point plant was introduced to the model as a

direct withdrawal of oxygen from the river segments adjacent to the plant.

The computer runs were made for summer and winter conditions. The summer

conditions were characterized by a Hudson River freshwater drought flow of

. 4,000 cfs, a maximum river ambient temperature of 79°F, and cooling water flow
of 2,500 cfs (in view of the low levels of oxygen depletion found, the use of
the AEC's staff Figures for maximum ambient River temperature would not pro-
duce a change in any of the conclusions). For winter runs, fresh water

flow of 12,500 cfs and cooling water rate of 1,500 cfs (flow throttled to

60% of full flow) were used. To estimate the wintertime effect, two winter
ambient temperatures of 32° and 50°F were used in the analysis. In general,

this temperature range coincides with cooling water flow reduction period.




The final results of the analysis are shown in Table 1 and indicate that
passage of cooling water through the plant will decrease the Hudson River

dissolved oxygen concentration.at Indian Point by about 0.3% or 0.02 mg/l

during summer months and by 0.25% or 0;03 mg/l-during winter conditions.
At the estimated future (1990) levels of river dissolved oxygen, the de-
crease is expected to be about 0.03 mg/l. In terms of the total lower
Hudson River (between the Battery and Troy) dissolved oxygen content, the

above mentioned values correspond to a decrease of 0.07% during summer

months and of 0.06% during winter months.

These effects are insignificant by comparison with other deoxygenation
processes and are below the minimum detectable dissolved oxygen concentra-
tions. 1In conclusion, therefore, the cooling water passage through the
plant will have an immeasurable effect on the distribution of dissolved

oxygen in the Hudson River.

Considering, then, the effect of the heated effluent combined with the re—
duction in dissolved oxygen through the plant, a second model study was
conducted. OQL&M calculated the effect of the plant-induced river tem-

perature rise on river dissolved oxygen concentrations for two-unit oper-

ation.

The model results indicated that the dissolved oxygen concentrationslfor
the heated conditions corresponding to two-unit operation at Indian Point
could be expected to be 0.1 mg/l lower than that for the unheated condi-
tions. The present diurnal variation in the Hudson River is approximately

0.2 mg/l.
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Field studies of the effect on the river of Indian Point Unit 1 were con-
ducted on August 17, 1972. Two replicates were collected at each sampling
section and were fixed immediately for laboratory titration using the Azide
modification of the Winkler method for dissolved oxygen. Water temperature
of each sample was taken using a mercury thermometer calibrated to 0.1°C.
Sampling stations shown in Figure 1 were chosen to delineate the change in
dissolved oxygen through the cooling system and the change in dissolved

oxygen in the parallel reach of the river. Results of this survey are

shown in Table 2 and Figure 2.
Conditions which prevailed during the survey period were:
(a) Unit 1 aerator was not in operation during the survey.

(b) Cooling water flow was partially throttled. Unit 1 condenser

temperature rise was about 15° F.
(c)  Run #1 was conducted during late ebb (maximum ebb was at 10:50).

(d) Run #2 was done at low water slack (14:31).

(e) Weather during the survey was cool (21.3° C), overcast, and

there was no significant wind.
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TABLE 2 .

DISSOLVED OXYGEN MEASUREMENTS AT INDIAN POINT
AUGUST 17, 1972

Run #1

Sample Depth, Temperature, Time D.o.,

Location* ft. °C EDST mg/1l
Point 1 10 24.1° 12:58 6.2 6.25
Point 2 10 24.1 13:04 6.25 6.05
Point 3 7 32.6 13:11 6.55 6.25
Point 4 9 32.6 13:28 6.3 6.25
Point 5 10 24.8 13:40 6.4 6.15
0-2 24,1 13:40 6.0 6.25
Point 6 0-2 28.3 13:46 6.1 6.55
Point 7 0-2 : 24,2 13:50 6.25 6.2

*See Figure 1.

Run #2
Temperature, Time D.O.,
°C EDST mg/1

24.2° 14:25 6.0 6.1
24.3 14:29 6.1 6.15
32.4 14:41 6.2 6.2
32.5 14:54 6.1 6.1
24.9 15:06 6.25 6.3
26.4 15:10 6.25 6.2
28.8 15:03 6.1 6.15
27.2 15:14 6.25
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‘ IV. INTERPRETATION OF DATA

‘ ‘ As previously mentioned, the expected dissolved oxygen reduction through
the condenser section is about 0.3 mg/l. The probable cause for the
small size of the reduction may be found by examining the mechanisms of
oxygen transfer. .Each of the expected mechanisms for dissolved oxygen

loss due to increased temperature and decreased pressure operates by

lowering the saturation value of oxygen.

The temperature increase through the condemmer lowers the saturation value,
but the reduced saturation value caused by temperature alone is still greater
than the expected dissolved oxygen concentration under either winter or
summer conditions. The presssure decrease reduces the saturation value

. below the expected oxygen concentration, but this effect is of short duration.

The predicted average decrease (3%) in dissolved oxygen concentration in
cooling water will be experienced by water organisms only during a short
travel time between the condensers and outfall structure. This travel
time amounts to several minutes during two-unit operation at Indian Point.
Once the cooling water is discharged through the submerged discharge out-
fall structure, it will quickly be mixed with ambient water and the drop
in dissolved oxygen will be reduced to an unobservable level. Therefore,

|
. - 0 . ‘
the metabolic components were not included in our February 1972 analysis
of the inplant changes in dissolved oxygen.

|

Concerning the dissolved oxygen in the Hudson River, the effect of the

plant if only the material balance is considered will be minor, about

0.02 mg/1 during summer conditions. However, the combined temperature

effects, which reflect influence on metabolic components, and oxygen loss




in the condensers will lower the average dissolved oxygen concentration by

0.1 mg/l1 under the most severe conditions of temperature and flow.

Examining the results shown in Table 2 and Figure 2, it can be seen that

no reduction in plume dissolved oxygen in comparison to river D.0O. was ob-
served during Unit 1 operation in AuguSt 1972. A minor rise in dissolved
oxygen is seen in the profile of the cooling water system after the condensers.
No mechanism has been found which would explain this increase. An insignifi-
cant decrease in dissolved oxygen concentrations was observed through the
discharge canal in both runs, but the average D.O. level at the end of the -
canal is equal to the dissolved oxygen concentration in the river. These re-
sults, except for the rise in dissolved oxygen at Station #3, agree with con-
clusions drawn in this and previous QL&M documents, i.e., insignificant

, changes in D.O. levels.

In addition, the "late summer" measurements of river dissolved oxygen con-
centrations in the vicinity of Indian Point presented in this testimony, as
well as observations made by QL&M in the Summers of 1969 and ;970 at Lovett
and Bowline (see the Final Environmental Statement, Volume II, Appendix C,
page 223), indicate that typical summer concentrations of the river dissoived
oxygen in the vicinity of Indian Point are in excess of 5.0 mg/l. The only
data contradictory to the conclusions herein is that obtained by the Raytheon
Company. These data were contrary to our experience extending over a period

of years. Investigation revealed that Raytheon has used improperly calibrated

instruments. This was described in Testimony before the Board on January 11,

1972. (Tr. 4428-30). The AEC staff in the Final Statement agrees that there

"...credence to the Applicant's opinion that the Raytheon data were in error"

(V-13-14). Nevertheless, the Staff concludes relying solely on the Raytheon




data, "The dissolved oxygen concentration in the thermal plume on occasion
may be reduced to levels detrimental to aquatic life, principally in late
. summer and early fall" (p. iii). Mr. John Clark also continues to place
emphasis on the repudiated Raytheon data. Since these data have how been
thoroughly contradicted by the analysis and measurements described herein,

we do not believe that the Board can rely on them to any extent whatsoever.

The expected decrease of dissolved oxygen concentrations by about 0.1 mg/l
will not have significant effect on Hudson River biota. I believe that
Clark's Statement* that fish migration can be stopped due to a lack of
oxygen, as it is in the Delaware River (Tr. 7940) is irrelevant as far as

the Hudson River is concerned.

‘ Late spring and summer concentrations of D.O. in the Delaware River have
been markedly lower than those in the Hudson River at Indian Point. The ob-
served weekly average levels of D.O. in the Delaware River have been as low
as 1.0 mg/1, i.e., levels which have never been observed in the vicinity of

Indian Point.

Such low D.O. concentrations and associated interference with fish occur in
the Delaware River when, during periods of prevailing low D.O. levels, in-
tense storm precipitation over the Delaware watershed produces sharp increases
of runoff in the estuary. The excessive fresh water runoff disturbs and re-
suspends the anaerobic bottom sediments which almost instantaneously exert

high chemical oxygen demand in the estuary, resulting in further D.O. re-

duction.

*Clark's Statement (lines 12.through 14, Tr. 7940) is reproduced in this
footnote "We know that it [migration] can be stopped, as it is in the
Delaware River, by things that will repel the fish, in that case a lack of
oxygen."
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During such occasions, resident fish species have been killed by short-term
oxygen deprivation. During such transient periods of DO depletion, migration

of fish through the affected sections of the estuary may be blocked.

Such conditions have never been observed in the vicinity of Indian Point, mainly,
because of the substantially higher ambient DO levels in the Hudson River. 1In
addition, the effect of high runoff on any bottom sediments in the Hudson River

at Indian Point is insignificant because the River at Indian Point is deeper

than the Delaware River (mean Hudson River depth of 40 ft. vs. mean Delaware River
depth of 21 ft.) and is a partially stratified waterbody while the Delaware is

a completely mixed estuary. Furthermore, the existence of putrescible bottom

) . . .
sediments at Indian Point has not been observed.
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V. FINDINGS AND CONCLUSIONS

In light of the material presented in the preceding sections, the

following conclusions can be drawn:

1.

Dissolved oxygen reduction in the Indian Point Unit 1 and 2
cooling water system (inplant loss) under present conditions will be
minor, approximately 0.4 mg/l and 0.2 mg/1 under winter and summer

v

conditions, respectively.

Future improvements in Hudson River quality will result in
condenser dissolved oxygen reduction .(inplant loss) no greater than

0.5 mg/1 and 0.3 mg/l under winter and summer conditions, respectively.

The effect of this reduction through the condenser on the
dissolved oxygen concentration in the Hudson River at Indian Point

will be negligible by itself, less than 0.03 mg/1l.

Heating effects, together with the oxygen loss in the condensers,
will, under the least favorable ambient conditions of flow
and temperature, cause a reduction in river dissolved oxygen at Indian

Point of approximately 0.1 mg/l below the unheated condition.

This change in dissolved oxygen represents a change significantly
smaller than changes in River DO that occur naturally throughout the

day, from top to bottom and from side to side.
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I. INTRODUCTION AND SUMMARY

Once-through cooling systems generally require the control of slime

formation on the surfaces on the condenser and auxiliary cooling water sys-
tems. These slimes are colonies of fungi and bacteria which coat the heat
transfer surfaces and which trap particulates in the coéling water, further

reducing heat transfer.

In order to prevent reduced heat transfer and flow caused by this slime,

chlorine is introduced into the cooling water on some periodic schedule.

Although chlorination has previously been considered only from the stand-
point of its beneficial effects, recent envirommental research has dis-
closed the possible adverse effects which chlorine may have on aquatic

organisms. Among these are:

Suppression of algal photosynthesis and respiration
. Damage to zooplankton

Damage to fish, both juvenile and adult

The potential effects of chlorine are based on two factors: concentration
and time of exposure. By limiting either or both of these factors, the
adverse effects associated with chlorine can be reduced or eliminated. It
should be noted that there are several forms of chlorine of interest:

)and or-
-X

hypochlorous acid (HOCl), hypochlorite ion, chloramines(NHxCl3

ganic chlorine compounds. Hypochlorous acid may be removed from the
aquatic environment more rapidly than chloramines. Formation of chlor-
amines from hypochlorous acid depends on the concentrations of ammonia and

of hypochlorous acid, PH, and temperature. Removal of hypochlorous acid




may be accomplished by satisfaction of "chlorine demand," a measure of the
amount of substances in the water which can be oxidized by the chlorine
present. In the process of satisfaction of this demand, the chlorine is
reduced to chloride (Cl~) ion, a biologically inactive form which occurs
naturally at an annual average of about 750 mg/l in Hudson River water at
Indian Point (Reference l, p. V-16). 1In addition to the reduction of chlorine
concentration resulting from chlorine demand, cooling water flows from other

condensers and river mixing have diluting effects.

Studies with relevance to chlorination that have been undertaken by QL&M

and others are:

. Laboratory studies of chlorine reactions

. Laboratory determinations of chlorine demand of Hudson River
water

. Field determinations of chlorine demand of cooling water

. Field determinations of actual chlorine concentrations from
Unit No. 1

. Laboratory studies on chlorine toxicity

Hudson River water from Indian Point and chlorine in the form used at

Indian Point, sodium hypochlorite solution, were used in these studies.
These chlorine data, in conjunction wit- plant operating and design data,
allow predictions of the concentration-exposure time at Indian Point and its

effect on aquatic species to be made.

Predictions of expected chlorine and chloramine concentrations from Unit No. 2
are required to predict possible effeéts on Hudson Rivér biota, both those
entrained in the cooling water and those exposed to the active chlorine

which enters the river. These predictions will include the effects of demand
by river water and condenser slimes, decay of chlorine to chloride ion,

and conversion of ammonia to chloramine.




II. SPECIFICS TO BE CONSIDERED

Specific items to be considered in this testimony are the expected chlorine
and chloramine concentrations from Indian Point Unit 2, the effects of
chlorine demand and dilution on these concentrations, and the effects of
this concentration-duration relationship on the types of organisms found in
the Hudson River. Clarification and rebuttal of the data presented by

Mr. John R. Clark and the AEC staff in its Final Environmental Impact

Statement will also be Presented.

Rebuttal of Clark's data will include refutation of his hypothetical
chlorine concentrations presented in his July, 1972 testimony and refutation
of his expectations regarding the effect of chlorine on Hudson River
organisms. Rebuttal presented regarding the staff Final Statement will in-
clude clarification of the reactions of chlorine and ammonia, discussion of
the toxic effects of chlorine, and refutation of their assumptions of dis-

charge chlorine concentrations.




III. ANALYTICAL CONSIDERATIONS

INTRODUCTION

In those cases where circulating water condensers are not self-cleaning
because of natural silt in condenser cooling water, some method of slime
control is required for maintenance of efficient heat transfer. Chlorina-
tion is among the methods currently in use for control of condenser slimes.
As discussed previously, studying the effect of chlorinatién on the life
forms in the cooling water system and in the river requires some knowledge
of the concentration and contact time. To determine the chlorine concen-
trations throughout the discharge canal, plume and river, it is necessary,
in lieu of testing under all possible conditions, to develop, verify, and

apply a mathematical model which accounts for the known chlorine reactions.

REACTIONS OF CHLORINE

In order to predict the discharge canal concentrations of chlorine species,
it is necessary to develop the reactions which occur in chlorinated natural

waters. For this purpose, the relevant reactions are:

l. Hydrolysis of sodium hypochlorite and dissociation of hypochlorous

acid

2. Immediate chlorine demand by alkalinity and organic and inorganic

non-nitrogenous reducing substances
3. PFormation of chlorinated ammonia compounds

4. Ultraviolet-activated reduction of hypochlorous acid and hypochlor-

ite ion (free chlorine)




5. Reduction of chlorinated ammonia compounds (combined chlorine) to

chlorides and nitrogen compounds.

Reactions in each of these groups, when taken together, control the rela-
tive and absolute concentrations of the various chlorinated compounds and

their precursors, and are summarized in Figure 1.

Reactions in Group 1, hydrolysis and dissociation of sodium hypochlorite,

are:

NaOCl + H20 > NaOH + HOCL ........ (1)

Hocl 7 HY + 0oCl™ ........ Ceeeeea (2)

Reaction 1 is extremely rapid, and can be expected to be complete as soon
as the hypochlorite is added to water. Hypochlorous acid is the exclusive
product of Reaction 1 pH >4 and hypochlorite <1,000 mg/l. Reaction 2 is

a pH-controlled reversible reaction (50% HOCl at pH 7.6), and is of primary
interest because the ionized form will not react with ammonia compounds,

and because the un-ionized form is a more efficient slimicide.
Reactions of Group 2, reduction of immediate demand, are generally:

HOC1 + RH -+ RC1 + HO veeill (3)

OCl™ + RH > RC1 + OH ............ (3a)

where RH is any reduced organic carbon compound. Similar reactions occur
with non-nitrogenous inorganic forms. According to Morris (22), this demand
is virtually instantaneous, and because of its rapidity, occurs before the
reactions of chlorine Qith nitrogenous species, at least in the case of
amino acids, where decarboxylation precedes deamination. This reduction

is generally a function of the initial chlorine concentration, possibly

because of variations in the redox potential of the reducing species. After




FIGURE 1

CHLORINE REACTIONS OF INTEREST

Chlorination at Indian Point*

(R = Electron donating carbon compound)

HoO + RC1 RC1 + OH™
4 4
(Group 2) ’ Reduction of
RH RH Free Chlorine
(UV Activated Breakdown) + +
1/2 05 + C1™ + Y Hoct -~ ut + ocl” Dissociation of
' * Hypochlorous Acid
(Group 4) +
Hy0 + NH3 -+ NH4' + oH™
-
+
NH2C1.-§ H20 Monochloramine
Formation
(Group 3) +
HOCL <« Ht + oc1~
-5
+
NHC1l., + HA~O Dichloramine
2 2 Formation

*Excludes hydrolysis of NaoCl and chloramine breakdown




hypochlorous acid and hypochlorite ion (free chlorine) by non-nitrogenous
reducing agents to chloride ion (Cl~) is rather slow, one exception being

-6-

. satisfaction of this 'instantaneous demand,' the long-term reduction of
. demand in the condenser section.

\

|

Group 3 reactions, those of ammonia and chlorine, are of the following

| types:
|
NH3 + Hy0 ¥ NHy  + OH™ ................ (4)
NH3 + HOCl - NHZCl + H20 ............. (5)
NH2Cl + HOCl - NHC12 + HZO ...... REERE (6)
(low pH only) NHCl2 + HOCl - NCl3 + H2O ........... (7)
‘ These reactions describe the so-called 'breakpoint' phenomenon. Their

rates and equilibria are controlled generally by the pH of the medium, and
compete with the slower chlorine reduction reactions. Reaction rates for
these reactions have been experimentally determined, primarily by Morris

and several coworkers (3).

The ultraviolet (UV) activated reduction of hypochlorous acid and hypochlor-
ite ion (Group 4) has been studied by Hancil and Smith (17). These

reactions have rates dependent on the absorption of UV by hypochlorite.

HOCl » HY + c1™ + %Oz ................ (8)
. oCl™ -~ Cl1™ + L 0 9
5 02 el (9)

‘ In the absence of UV, rates are much slower than with UV, but the reaction

does occur.




Several routes have been proposed for reduction of chlorinated ammonia

compounds (Group 5) as follows:

NH2Cl + NHCl2 + HZO > N2 + 3 HC1 + H20 ......... (10)
NH2Cl + NHC12 + HOCl ~ N20 + 4 HCL ............. (11)
NHC12 + HOC1l - NCl3 + H20 ..................... (12) (low pH)

" Of these routes, the most probable pathway is dependent on initial chlorine
to ammonia mole ratios, pH, and concentrations (3). Note that the reactions
10-12 will require ei#her 1.5, 2 or 3 moles of chlorine for each mole of
ammonia. Because of the differences in quantities required, no attempt was
made to model these reactions rigorously. Limited work has been done on
determining rate data for these reactions, and for this investigation,
results of batch studies conducted at the National Water Quality Laboratory
(NWQL) in Duluth, Minnesota, have been used to approximate the reduction
of chloramines with time. More detailed work is currently being performed

by Morris and Wei at Harvard University.

REACTIONS OF BROMINE

In the Final Environmental Statement, the Staff introduced the question of
reactions between bromide ion and chlorine compounds. These reactions have
been reported by Johanneson and others (14, 18). Bromine is a more power-
ful oxidant than chlorine, and will displace chlorine in the +1 oxidation

state as follows:

HOCL + Br = HOBY + Cl ittt tte et me e eaeeennnnn (13)

According to Johnson and Overby (12), the reactions of bromine and ammonia

are similar to those of chlorine and ammonia, except that the bromamines




are less stable than are the chloramines. For this reason, bromine reactions
were not separately investigated, since the less stable bromine compounds
will be reduced more rapidly and completely to the -1 oxidation state by
satisfaction of chlorine demand, and the assumption of bromide~free conditions
is more conservative than any other assumption cbncerning bromine. The
relative toxicities of bromine and chlorine will be discussed in the section

on interpretation of results, page 19.

DEVELOPMENT OF THE CHLORINE MODEL

To account for the Staff objection to application of Unit No. 1 chlorine
data to Unit No. 2, based on differences in channel residence time between
the two units (1), it is necessary to develop a mathematical model for the
reactions of chlorine in which channel residence time is a variable.
Because the rates of chlorine reactions are known with respect to the
breakdown of chlorine and chloramine formation with time and because field
data are available on the overall reaction in the Indian Point discharge
channel, it is poésible to develop this model. The model developed is
suitable for prediction of free and combined chlorine concentrations through
the discharge canal.

Considering the channel length is sixty times its average width and depth,
the assumption of plug flow conditions in the channel was made, to be
tested later in the verification step. Because of weak points in the body
of knowledge concerning chlorine chemistry, it is necessary to make certain
assumptions at various points during model operation. These assumptions
will be discussed at the relevant point in model development. Because the
initial chlorine demand is essentially instantaneous, no differential
equations were written for it. Its effect was determined by mass balance

at the points where some immediate demand was introduced.




. General differential equations which are applied to the system of interest
are:
dCyoc1 = -k, C - K, C Cyx = X3 * Chocl Cumacl
' —== """ “moc1 ~ ¥2 Cpoc1 Cyu, HOC1 “NH,
° cressesens (14)
dewny = e, eeeeee.. (15)
NH3 “K2 Chocl Cpgy, 0 eeee
dt
de = - S (16)
NH,Cl = K Cypep CNy %3 Croc1 Cnm,c1 o
dt
ONHCI, = KeCoi C ceen. (17)
= L,
NHC12 K3 CHOCl NH2C1
dt
Where: = Hypochlorous acid concentration
HOC1
. C = Ammonia concentration
NH3
= i tration
CNH2Cl Monochloramine concentra
CNHC12 = Dichloramine concentration
t = Travel time in seconds
K = Pseudo-zero order breakdown rate for monochloramine
(o)

The equations shown above describe the reactions given in Section III as

follows:

Equation 14 describes the removal of hypochlorous acid by

reaction with ammonia, by consumption in satisfying the

residual chlorine demand of as yvet unoxidized organics and

UV activated breakdown. The latter two mechanisms are both

modelled as irreversible first order reactions, and give rise

to the term Kl'CHOCl in Egquation 14.
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Equation 15 describes ammonia removal by conversion to

. monochloramine.

Equation 16 describes the formation of monochloramine, its

‘ conversion to dichloramine, and chloramine breakdown.
Equation 17 describes the formation of dichloramine.

Equations 14 through 17 have four unknowns, namely, C C r C

’
HOC1' NH, NH,C1

and CNHCl . Numerical solution of the four simultaneous differential
2

; ; . . . 19,20
eéquations was accomplished by applying Adams' predictor-corrector technlquef +20)

Reaction rate constants for the above equations are as follows:

Constant Value Source
K1 2x10_4 sec-l determined by model calibration
run, using field data
- K2 5.1x10° liter/mol-sec Morris (3)
L 3.37x102 liter/mol-sec Morris (3)
K, 1.67x1071 mol/sec NWQL Duluty (13)

Although Draley(l4)

reports a value for the rate of breakdown of chlorine
in the absence of UV, this rate is not supported by references and the
range between low and high estimates is too great to be of use. 1In the

process of calibration of the model, a value for Ky of .0002 sec"l was

found. This includes the actual UV and residual unoxidized organic effects.

DATA REQUIRED FOR MODEL APPLICATION

Application of the model requires the use of data on ambient river concen-

trations of ammonia, hydrogen ions (pH) , and immediate chlorine demand,

condenser chlorine demand, discharge canal temperatures during the chlorination

period (ambient river temperature greater than 45°F) and the chlorine application

rate. Data on ammonia and pH were obtained from the NYSDEC monitoring
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station at Verplanek, New York. This station, in operation since April
1969, has experienced average chlorination period values of 0.196 mg/1l
of ammonia (0.161 mg/l1 as NH3-N) and a pH of 7.34 as shown in Figure 2.
The average discharge canal temperature during the chlorination period
was 77°F as measured by NYU personnel during 1972. Therefore, reaction

constants developed at 25°C (77°F) were used for the model.

Immediate chlorine demand is a characteristic of natural waters. This

value is determined periodically by Indian Point operating personnel

using iodometric titration. This method uses potassium iodide, which
displaces free chlorine and monochloramine at neutral pH, and which displaces
free chlorine, monochloramine and dichloramine at acid pH, followed by
titration with sodium thiosulfate. Because of the lower redox potential

of iodine, the demand reaction is effectively quenched by potassium iodide
addition. The average value for immediate river demand during 1971 and 1972
has been 0.8 mg/l as chlorine at an initial laboratory test concentration

of 2.5 mg/1 chlorine.

A linear relation of chlorine demand to initial chlorine concentration,
in the ratio of 0.8/2.5, has been assumed to apply over a range of
initial concentration of 0 to 2.5 mg/l. This assumption is supported by
both Con Edison and QL&M laboratory testing at various levels of initial

concentration up to 2.5 mg/1l.



AMMONIA NITROGEN (NH3-N) mg/l

FIGURE 2
MONTHLY AVFRAGE AMMONIA AND pH
HUDSON RIVER AT VERPLANCK, N.Y.
(APRIL 1969-OCTOBER 1972)
Source: NYSDEC Monitoring Station
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. IV. MODEL CALIBRATION AND APPLICATION

/

‘ MODEL CALIBRATION

In order to control slime growth in the condenser and auxiliary cooling

water system, sodium hypochlorite is fed into one~half of the Unit 1 con-

denser so as to produce an intended condenser concentration at the condenser

outlet box of 1.0 mg/l of available chlorine for thirty minutes three times

a week in the late spring, summer, and fall (ambient river temperatures greater

than 45°F). The other half is then subsequently chlorinated in a similar manner.

This'procedure, including dilution by the unchlorinated side of the condenser,

results in a maximum condenser effluent concentration of 0.5 mg/l. Since additional

breakdown and demand satisfaction occurs downstream of the condénser, this pro-
. cedure insures that discharge concentrations are always below the maximum allowable

discharge level permitted by the New York State Department of Environmental Con-~

servation. The same procedure is to be employed for chlorination of Unit 2,

Before application of the model to determine probable values for Unit 2
discharge concentrations, calibration using data from Unit 1 was performed.
This calibration allowed determination of several values which were required
for Unit 2 modeling, including evaluation of the overall discharge canal
consumption coefficient, Ky introduced in equation 15. The initial conditions
on June 8, 1972 during the field testing for calibration were:

. Initial chlorine cohcentration (before immediate cooling water
demand) = 1.0 mg/1l as Cl

. Immediate chlorine demand -~ 0.7 mg/1 at 2.5 mg/l initial chlorine
(test value)

. pH and ammonia nitrogen concentrations in the river of 7.2 and
0.25 mg/1, respectively

. Discharge canal temperature of 78° F

s




Two values which were obtained from the calibration run were the wvalue

for the chlorine demand in the condenser (as opposed to the demand of the
river water) and the reaction rate for the breakdown of free chlorine to
chloride ion. 1In the absence of ultraviolet (UV) light, the breakdown
rate constant (K4) has been reported to be as high as 0.0025 sec™d was

obtained for use in further analysis. This order of magnitude difference

will be discussed in the section on interpretation of results.

Figure 3 shows the system in operation at Indian Point Unit 1 and the results
of the calibration run. Data for calibration were obtained on June 8, 1972

by QL&M personnel using amperometric titration. As can be seen in Figure 3,
by making Point 2 a point of control, the condenser chlorine demand upstream
and the breakdown rate of free chlorine downstream can be estimated. That
calibration has been effected can be seen from the comparison of field-
determined total chlorine values at Points 4, 5, and 6 with the total chlorine

value from the model.

Average NYU data, determined by amperometric titration, from 1972 are also
shown in Figure 2. These data show the same pattern of chlorine reduction.
Combined chlorine values from the model are an order of magnitude below field
measurements. This may be caused by the testing errors of extremely low
combined chlorine levels, because the concentrations of chloramines found in
field testing are at the lower limit of detectability, averaging 10 to 15

percent of the free chlorine concentration.
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MODEL APPLICATION

‘ After the model calibration is completed, the next step is application of
the model to determine probable chlorine values at Indian Point Unit 2.

. A schematic of the Indian Point Unit 2 cooling water system is shown in
Figure 4. Sodium hypochlorite is fed into one-half of the Unit 2 con-
denser so as to produce a maximum condenser concentration at the outlet box
of 1.0 mg/1 of available chlorine for thirty minutes three times a week in
the late spring, summer, and fall (ambient river temperatures greater than 45°F) .,
The other half is then subsequently chlorinated in a similar manner. This pro-
éedure will be such that the dilution by the unchlorinated cooling water reduced
the maximum total chlorine level to 0.5 mg/l, before the effects of further demand
and chlorine breakdown, are considered. The reactions of ipterest in each

segment are:

. a. Channel A (after chlorine addition)

In accordance with plant operating procedures, chlorine is introduced

upstream from the condenser section. This chlorine is subject to the

initial demand of the river water, followed by chloramine formatiocn in
the section upstream from the condenser. As the condenser section is

entered, chlorine demand'by the condenser slime begins. Because the

chloramine formation rate is dependent on the initial chlorine concentration,

the highest initial chlorine concentration employed during the 1972
chlorination period, 2.2 mg/1 initial chlorine, was used in Model 2
calculations. The control point for the model is that to be used at

Indian Point, namely, the outlet water box. The condenser chlorine con-

"

centrations for these conditions can be calculated as follows:

Initial chlorine concentration = 2.2 mg/1
Immediate demand = 0.8 mg/l
Chlorine available to the condenser = 1.4 mg/l
Chlorine concentration at outlet water box = 1.0 mg/1

Condenser chlorine demand = 0.4 mg/l
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Note that control at the discharge water box simply recognizes that

both river immediate demand, and condenser immediate demand, may vary.

Channel B (after mixing with the unchlorinated side)

Initial conditions in this segment are based on dilution of 50%,

followed by immediate chlorine demand, which reduces the free chlorine
according to the assumed linear relationship between chlorine feed and
demand. Reduction of free chlorine (Reaction 3) continues at the same

rate as in Channel A.

Channel C (after mixing with the unchlorinated flow from Unit 1)

At this point, another increment of free chlorine is removed according
to the immediate demand relationship used previously in Channel B.
Because this channel segment is exposed to sunlight, a higher rate of
free chlorine breakdown may be used by since the actual amount of

absorbed UV is not known, the value used is that developed in the model

calibration. Monochloramine reduction during this period is approximated

by using the previously discussed NWQL data to determine a pseudo-zero

order reaction rate.

Discharge Plume

For computational purposes, no immediate demand was assumed to be exerted

in the plume. This is conservative, as NYU plume measurements indicate
that chlorine demand does occur in the plume. The plume dilution value

recommended by the Staff was used for this calculation.
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Results of the model analysis for two conditions, with and without Unit 1

operation, are given in Tables 1 and 2.

EFFECT OF pH VARIATION

Because the pH values obtained at Indian Point have varied between 6.8 and
7.8 over the period since 1967, it was deemed necessary to test the effect
of pH on total chlorine and chloramine using the model. Considering the
section immediately after chlorine addition, it can be seen in Table 3 that
the total chlorine varies less than 1.5% in the pH range 7.0-7.6. The
total chloramines, however, show a threefold increase. This increase is to

be expected because of the dependence of chloramine formation rate on pH.

Note that the initial ammonia concentration will control the total amount of
chloramines formed. Morris' analysis of data by Palin (24) indicates that
the breakpoint reaction which removes both ammonia and chlorine goes most

rapidly at a pH near 7.2-7.4, the range observed at Verplanck.

CHLORINE TOXICITY DATA

Toxicity values from literature research by the Staff are shown in Figure 5.

The plotted points are the 50% tolerance limits (TL 50 or TLM) for several

fish species common to the Hudson River (25) and may be considered the only

ones relevant to this discussion. The chronic and short-term toxicity curve

shown in Figure 5 is that proposed by the Staff (Ref 1, p V-17). Other data
collected by the Staff were not used in the figure, either because the test
organisms were not native to the Hudson River or because the limits and

conditions used in the original test were vague primarily regarding Point 6

on the Staff plot.




TABLE 1

INDIAN POINT UNIT 2 CHLORINE CONCENTRATIONS
(WITH UNIT 1 DISCHARGE)

PH = 7.34
HOCl + ocl~™ NH4t + NH3 NH,C1 NHC1,
Point *** (mg/1 as C1) (mg/1l as N) (mg/1 as Cl) (mg/1 as Cl)
1 1.400 0.161 0 0
2% R 0.995 0.000 0.004 0.001
3 0.338 0.081 0.002 0.001
4 0.334 0.000 0.004 0.001
5 0.170 0.040 0.003 . 0.000.
6 0.161 0.000 0.004 0.001
(t** = 174 sec.
from Point 5)
7 0.156 0.000 0.003 0.001
(t** = 314 sec.
from Point 5)
8 0.144 0.000 0.002 0.002
9 0.036 0.121 0.001 0.001

*Including effect of condenser demand.
**t = Travel time.
***See Figure 4.



Point *

2 %%

6
(L***= 22] sec.
from Point 5)

7
(t***= 398 sec.
from Point 5)

8

9

* See Figure 4.

** Including effect of condenser demand.

*** t = Travel time.

INDIAN POINT UNIT 2 CHLORINE CONCENTRATIONS
(WITHOUT UNIT 1 DISCHARGE)
PH = 7.34

HOC1l . + oOcCl1l~
(mg/1 as Cl)

1.400

0.995

0.338

0.334

0.334

0.317

0.315

0.277

0.069

TABLE 2

NH4+ + NH3
(mg/1 as N)

0.1le6l

0.000

0.081

0.000

0.000

0.00C

0.000

0.000

0.121

NH2C1
(mg/1l as Cl)

0]

0.004
0.002
0.004
0.004

0.003

0.002

0.001

0.000.

NHC12

(mg/1 as Cl1)

0
0.001
0.001°
0.001
0.001

0.002
0.003

0.004

0.001



TABLE 3

EFFECT OF pH ON CHLORINE RESIDUALS AT POINT 2 OF CHANNEL A

Chlorine Residuals?® as mg/1 C1

_pH . Free Combined Total
7.00 1.385 0.002 1.387
7.34 . 1.378 0.005 1.383
7.60 1.363 0.009 1.372

*Not considering condenser demand:
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Considering that the relationship between the Staff toxicity curve and the
actual data is vague (no toxicity level is given for the Staff curve), that
the slope of the curve appears to be arbitrary and not related to the slope
of the toxicity duration relationship for selected species as given in the
data, and that the majority of the data used by the Staff does not apply to
Hudson River biota, it may be concluded that the curve suggested by the Staff
should be modified to reflect actual conditions in the Hudson River at

Indian Point.

Although an occassional trout has been caught during the River sampling
program, this is an extremely rare occurrence and in no way should be
interpreted as suggesting that the Hudson River in the vicinity of Indian Point
supports a trout population. Trout are simply not resident in the Hudson.
Their rare appearance may be explained by the occassional carriage or movement
of small numbers of these species into the Hudson from some of its tributaries.
For example, the one or few brown trout caught in the vicinity of Indian Point
could have come from Cedar Pond Brook in Stony Point, a waterway which does -

3

support a brown trout population.

Concerning the question of toxicity of bromine compounds to aguatic species,
the only comparative research is that of Kott (23), who compared the effects

of chlorine and bromine at 0.18 mg/l and 0.4 mg/l on Chlorella pyrenoidosa,

finding their effects to be similar at the 0.18 mg/l level and the 0.4 mg/1

level.
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V. INTERPRETATION OF RESULTS

EVALUATION OF THE MODEL CALIBRATION RESULTS

The calibration results, with further confirmation by NYU data, are shown

in Figure 3. The breakdown rate for free chlorine which fits the model results
(0.0002 sec'l) may be conservatively low because chlorinating for testing
purposes was done at night to accommodate the NYU biological investigations.
Actually all general chlorination is planned for the daytime shift. This
means that some additional decay can be expected via the UV mechanism. Some
additional investigation would be necessary to tie down the actual increase

in rate. UV is absorbed in the near surface water, but this would be offset

to some extent by the rapid rate of surface renewal in the turbulent discharge

channel.

EVALUATION OF THE UNIT 2 TEST RESULTS

Tables 1 and 2 above show the expected concentration at several points through
the system. These-values have been converted to concentration-~duration
relationships in Figures 6 and 7 by plotting the cumulative average exposure
to total chlorine with and without Unit 1. These cumulative average concen-
trations are obtained by dividing the total exposure in mg/l seconds by total
elapsed time in seconds. Note that with Unit 1 operation, the cumulative
average exposure 1is not above the cufve suggested by the Staff at any point

in the channel. Note, also, that with Unit 1 not operating, the average

exposure is below the values obtained by the Staff which apply.to Hudson River

biota.
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Instantaneous chlorine concentrations are also shown in Figures 6 and 7.
These figures show the rapid reduction of chlorine in the Plume. Because NYU
field data fail to show any detectable chlorine in the plume, the actual
plume concentrations may be less than those shown in Figures 6 and 7. One

possible reason might be the chlorine demand of the water entrained in the

rlume.

Although the 1.0 mg/l1 value used for outlet water box cancéehtration of chlorine

used in the test runs was selected on-£he basis of supposed plant operating pro-
cedures, observation of actual discharge water box concentrations show that his-
torically the values have been lower. For this reason the residual chlorine con-
centration values reported above may be in excess of the average concentration

which would be.experienced during Indian Point Unit 2 chlorination.

EXPECTED CHLORINE LEVELS IN THE HUDSON

After leaving the discharge plume (Point 9), the chlorine concentration would
be further reduced by river dilution and chlorine demand. Even without in-
cluding the effects of dispersion and decay, the long-term steady-state river
concentration would be at least two orders of magnitude below the discharge
concentration. These values are well below the level suggested by the Staff
for chronic toxicity. Once dispersion and decay are included, long-term

River chlorine is totally negligible.

REBUTTAL OF PREVIOUS TESTIMONY

Reviewing Mr. Clark's testimony of July 14, 1972 and January 10, 1973, the

major areas where misinformation should be corrected are:

a. Expected chlorine concentrations in discharge canal and plume.

b. Lack of consideration of River chlorine demand and ultraviolet-
activated decay in the surface layer.

c. Avoidance levels as given not specific to Hudson River species.




. The first point, expected chlorine concentrations, are described as follows
by Mr. Clark in response to questioning on his support for the chlorine
concentrations appearing in his testimony:

"THE WITNESS (JOHN R. CLARK): I neither did nor did not. I

be a half part per million of chlorine associated with a discharge

temperature of 5 or 6 degrees.

|
|
|
|
|
merely assumed that -- I set up a hypothetical case, where there would
How it got to be five or six degrees, I don't know. Or in fact
|
| whether that would be probable in terms of the amount of chlorine action

(sic) you are going to have to use at different times of the year and so

on., I don't know. I am just setting that up as a hypothetical case.

‘ If that were the prevailing situation in the discharge, what

kind of spread you might get across the river.” (TR #7930)

Mr. Clark appears to have associated his surface river concentration of

0.5 mg/l as being the level permitted by the NYSDEC. In fact, the State Standard
refers to the discharge and not river concentration. Clark's assertion does hot
consider the previously discusssed factors which reduce chlorine in the canal

to less than 0.15 mg/l, or £he dilution in the plume, which would be of 3:1
dilution at the five degree isotherm. When these considerations are introduced,
the concentration at the surface should be 0.05 mg/l or less instead of the

0.5 mg/l according to Clark. This does not include the chlorine demand of the

entrained river water, which has been discussed in a previaus section.

The second point, lack of consideration of the effects of river chlorine demand

is seen in the following testimony: (TR #7929)

o
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"Q. (By Mr. Trosten): Just before we adjourned, Mr. Clark,
I believe you indicated that you did not take into account the chlorine
demand of the river water in drawing these comparative distributions

of chlorine and the heat in the river. Is that correct?
A. Yes, that is correct."

The concept of chlorine demand by Hudson River water has the support of weekly
measurements by Indian Point operating personnel. During the previous five
years of operation of Unit #1, this demand has not fallen below 0.3 mg/l at a
dosage of 2.5 mg/l, and has been as high as 1.8 mg/1 at 2.5 mg/1 dosage. Although
this demand is dosage-related, some demand should be felt at all dosage levels,
however small. A second consideration is the UV activated breakdown of chlorine,
which will occur more rapidly after the discharge plume has spread across the

surface.

The third point, that of avoidance of chlorine by marine forms, is shown as

follows. (TR #7937)

"Q. Mr. Clark, what data support the hypothesis stated in
Figure 3 that intermittent exposure to chlorine in the amount of
one 100th part per million would repulse mobile forms which are

found in the river?
A, You are asking for a reference to this?

Q. Yes.

Is this McKee and Wolf?
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A, No. The information repulsion is from another source.

In t?ying to check this through myself, I got a little
bit confused, and I am going to have to clarify that later. I
have somehow not carried through into this the suitable reference
for that particular value. I rather anticipated the question, so
in trying to check it out, I find I had a missing item in my

bibliography, which I will try to rectify for you.

But in the meantime, in a book called "Biological Aspects
of Thermal Pollution," page 173, there is a statement of research
done by Trembley showing that chlorinated plumes had somewhat less
fish in them, less fish of each species, but not a lesser number

of species.

Q. You will supply then the data reference for the repulsion,

is that correct?

A, I will try to find the one that relates specifically to a

numerical estimate.

Let me give it to you now and still check it later and

make sure, but I think it is Sprig and Drury (sic).

0. Sprig and Drury?

A, Yes. Would you like me to read it?

Q. Yes, please.

A, It is Sprig, J.B., if you have the EIS in front of you, it

it also listed in page B-95. This is Item 28.
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That will avoid having to spell it out.
0. All right.

Now, Mr. Clark, if, in fact, fish were repulsed by
concentrations of one 100th part per million, wouldn't this
fact safeguard them against exposure to higher concentrations of

chlorine?
A. Yes."
Reference 28, listed on page V-95 of the Staff Final Statement is in fact:

Sprague, J.B. and Drury, D.E. "Avoidance Reactions of
Salmonid Fish to Representative Pollutants "Advances in
Water Pollution Research, Proc. 4th Int'l Conf., 1969

As discussed above, data obtained for‘salmonid fish is less applicable than is
data for native Hudson River species. Since the toxic levels of chlorine for
salmonids are an order of magnitude below that of non-salmonids, it might be
expected that avoidance levels of salmonids are also lower than those of

non—-salmonids.

The final contentions of this rebuttal with respect to Mr. Clark's testimony
are: first, that his assumptions regarding chlorine concentrations are in
error by at least one order of magnitude, and second, that his conclusion

regarding chlorine blockage of migrating fish is in error.

Reviewing the Staff's Final Statement dated September 1972, several points require

correction.

. Although river ammonia concentrations of 0.5 mg/l1 have been reported,
the average during the chlorination period is 0.16 mg/l1 as NH3-N.
This implies that the levels of chloramine to be expected are not

as high as though by the Staff.
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Mono and dichloramine do not exhibit an equilibrium relationship
as shown on page A-V-23. Rather, their relative concentration is

governed by their respective formation rates. This has been

determined by Morris (24).




- 26 -

VI. FINDINGS AND CONCLUSIONS

The foregoing analysis has described the expected concentrations of bio-

logically active forms of chlorine in the discharge channel and in the

cooling water discharge jet for two conditions of Indian Point operation,

with and without Unit 1. Review of the data presented and their interpre-

tation as well as of the literature discloses the following:

1.

The model developed by QL&M and calibrated using field data
obtained by QL&M includes the important time dependent reactions
affecting chlorine, and the non-time dependent reactions are in-

cluded by mass balance.

Application of this model to Indian Point Unit 2 results in cumu-
lative exposures to total chlorine in the discharge canal which
do not rise above those proposed by the Staff when Unit 1 is
operating, and which are below those of the data applicable to
Hudson River biota obtained by the Staff when Unit 1 is not

operating.

Variation in hydrogen ion concentration (pH) will be of less
importance with respect to chloramine formation than will the
ammonia concentration. This is because of the low level (0.2 mg/l)
of ammonia found in the Hudson during the chlorination period.
Note that the total chlorine concentration falls as the pH rises,
indicating that the increase in chloramine, due to pH, would be

more than balanced by a decrease in free chlorine (in terms of

concentration).
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The chlorine toxicity curve suggested by the Staff would be
made more applicable to the Hudson River in the vicinity of
Indian Point by consideration of only those biota actually

present at and native to Indian Point.

Concentrations of chlorine found in the river, under all
conditions, will be below the chronic toxicity level proposed
by the Staff, even after disregarding reduction by decay and
dispersion. This is further supported by discharge plume
measurements by NYU, with river chlorine concentrations below

the level of detectability.




10.

11.

12.

13.
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I. INTRODUCTION

‘ This document presents redirect—-rebuttal testimony on the AEC Regulatory Staff's
/

evaluation of the thermal effects of Indian Point Unit 2 on Hudson River

temperature distribution as presented in the Final Environmental Statement

for Indian Point 2 ("Final Statement") and the December 7, 1972 transcript

(Tr.