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p R 0 C E E D I N G S 

CHAI.'.' 3ENSCfl Pleae come to order.  

This proceading is a f-'urther evidentiary proocee.ng 

in the mat-tt er of Consolidated E.diton Co'p ;v o New Yorx, 

e refenene to its , .ppiat..on fc'r operatin of 

the In.ian point Stat,..n Unit lo. 2, which i.s: -eflectee, .,n 

Atic E. Dkckee _- No 50-2:47.  

Appearances should .be entered on behalf of the 

Applicant. the resece of Mr. Trosteni and T4hen,, 

iudsOn RiveK' Fishermen 's A soiatiol, Mr MMacbeth New Tork 

Atom~ic Energy , Cou!ncil1.1 Mr.' Martin,, And .1h4 At Eirergy 

Comtr~ssion egulaton.Y. Staff, Mr., Kanlian . If you ,,ill introdu 

t.he other.

MR.. KARAN I would like to introdu-e Mr." Edward! 

Lyle, a colleague of mine and couasel for the Regulatory Staff.  

CH-AXtAN Jk " SCF: Thank You. Your appearance may 

be entered.  

Foz- the benefit of de oersons i;ho did not attend the 

conference which was held among the attorneys and. the Board 

and other' meite. rs of the pufblic on Novembe::: 22nd, reference 

should perhaps be made to the fact that a conference was held 

n 2d This prce~di'g hoever, today is convened 

on November 22nd. rpoei i ,' h'ivee 

in accordance with an order convening an avidentiary hearing 

which vias u- Octobe,- 16, 1972, wh.Ich order wi} given the 

general public distrib)tifon. which included publicati o n in the
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Federal Realister, which ist thje. OfficiP-l governmen~ft publicatiofly 

notice publi cationl as reflect-ed by Volume 37 of the Federal 

Reilt:er, page 22637, and it was p~ublished on. October 20, 1-972 

The;.re was also issued an order Convening the con-

ference which was held to which r eferezkce has bean s'nace, a?.d 

that order was given general. public distribution~ which 

incl.uded a mal 1 to all pesfSwohv eused cxy)ies 

of notices fromt the Atomi'c Energy dorniC52iofl Tihe o.-:@er 

convenin g thseviden,Ziay hearing was likeise mailed to 

all Person~s who hia-ve rcaquested not:Lficat-lr of public procerad

ings in this proceeding -- irn this case.  
which 

,he c-onfereflce/wa held on November 22nd related 

solely to proced~ural matters. No evidence was received, no 

witnesses were sworn. There wvere dicsin azong..Vtae 

attorn.,eys as well as by the Board in reference to this 

evAdefltiary hearing. Cons idercation was givi:n to the 

antic-1pated scope of the evidence that each party would pre~

sent at t'his Proceding, as vall as the nam~es of the witnesses 

and the subject matters which would be cov.,exed by the inten~der! 

presentation.  

Ceritain stipulti-ons were reached., h\ request was 

made by the H udson River Fishermenl's Associaton,~ as well as 

I by the Enviroiwafltal. Detense Fund, that certain factual

matters be indicatced to 1)e twithin the ecape of a cont~st or 

an agr..;ementc or a~ny other qualifications to assertions of
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fact which for instance, the Hudson Riv;,er Fisermun'sl 

TPhe Applicant agreed to revrIew those assi ,rtims 

and has f i.e d a, response indi cating the sc~ope of its agree

mtent or disagreeiteft or its coxiarent rezspectine4 the 

asertions5 ih-Ae by the Hudson River Fiherl,!te1 s NALCsaito1 

and the Evironmentlt~ Dense 'Puzid.  

The procedure which is of greatest, perhaps3, 

imnportanlce to th-is session of the hearing is tlaat it is 

expected that tbe tyitne~sCs for the Regul1atory! Staff of the 

Atomilz Energy Cbiru:lssiofl will be first cross-eamfild af tex 

all of" the pa-ties hF .v introduced t~heir direct; ev~ldence, 

This procedLure was estab~ishz,:.d becaus of the fact 'th at 

'many of th-Ie %litnesses for the Stalff a:_-e reqjuired kxo be at 

another proceed ng eI e-k and it is expected t.i).I the 

Cross--XaT&.m", on of t010 St-aff wi-nesses tslav Well Utilize 

t:hisA first week.  

In addlition, there is the status of the caze" ill 

that insofaz, aas the StCaf f is going ahead and of!Jferi.ng its 

witnesses for cos*an Aton.g that that; does not affect 

44the oI jN'gtion$- and the responsibi1lity of the Applicamat to 

be~ar the bu,_den of proof for the li cense to ope:.,Cate thit

Th e Staff hcas,~ since our last eridefltiary hearingq 

~isuatted a Pinal 'Snv:ronizentl. Statement and ivn that
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statement the Staff has recommended that certain conditions 

be attached if any operation is author:ized for the Indian 

Point No. 2 plant aiid that is that there be closed, cycle 

operation of the plant. That has been construed, 1 thi ik 

somewhat generally as requesting a condition for cooling 

towe rs.  

At the conference which was held in Nove,-ber, the 

Staff emphasized that its recommendation, however, was limited 

to a request for a condition for a closed cycle operation 

which may be accomplished in one of many vays, one of which ma[ 

be cooling towers, one of which may be another method, but in 

any event0 in view of the characteristics of the Pinal 

*Onvironamental Impact Statement which haj been filed by the 

Regulatory Staff of the Atomic Energy Commission, the Staff 

has in a sense the burden of going forward with the evidence 

to make its presentation in that regard.  

That does not, however, limit or in anywise modify 

the obligation of the Applicant to sustain the burden of 
proof 

which devolves upon them by the rules and regulationE 
of the 

Atomic Energy Commission.  

As we understand the position of the Applicant, 
the 

Applicant does not object to a closed cycle operation 
of the 

Indian Point 2 plant if there are developed facts which 
jut

that type of condition. It is the view of the Applicant, as 

we understand it, that the facts have not yet 
been presented
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to warrant the imposition of that kind of a condition; and the 

-A~pp1icant has propos .ed that further da:abe developed so that 

~f her i how tic be adequate bases for a closed cycle 

ope~ation~ the Applicant does not have objection to it; LbUt 

it'does hav:e objection to thle imposition of any condit-ion i~n 

thatregad at th is tine because o', *the feact- that intej d~ 

mtenlt. of the Applicaat the facts have not been presented to 

woaxran't that condition and all. of those matters will be 

doevaloved in tle course of thnis evidenti4axv proceeding, 

A olzhar aspect that rza cdevel~oired at the Noirembe 

22nd ceeo.which is of importance at -the outset and, 

which indicates the acope of the activi1tIes which have been 

undortalken 'by the at-torneys in the several recessesG, neither 

the I1Pudson River Vlheren 's Association nor the Eartvironflleftali 

Defense Fund object to the op-eratlon ofl the Inidian 

Point No 2,plant for- the purpose of electrical generation 

providedi, as they smggest,~ that condit-Lons be attachce:d ffor 

the oeration which woul.d require cilosed cycle operation of 

the plant,~ 

The record of the discussions which were held on 

November 21nd is available for public review of the transcriptt 

,Ahicb2 was m~ade at that pibli~c conference -held an November 

2 2 nd and that'- transcript is avai lable for review at the pubflic 

docinments roorin of the Atomic Energy Commissionl in !Aashiflto4 

and allso at tihe Henry Hudson High School here in -- I think
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it is 1-1n-- or Croton -on--the - 1udson whatever be the 

Mun-c.. Pality des-ignation; but it is available for the ublic 

review in this region and all merabere of the public are 

4 invited to review that transcript.  

A'e will probably also bie discussed in the course 

7Th h: nadente w°.dch. pvorbl ma.e by eCnr.st h 

6 of this session of the evidcntiary hearings some reference 

7 to "the amendments whidlh-vaene made by the Congress to the 

3 dadeal Water Pollution Con,:tol Act which will be the subject 

9 of so-.e dti- .tXiof.: and I believe conte ntion, as to whether 

10 the AtomIf!c . nergy Commis:silon - any Jurisdiction to impose 

i a codition for closed cycle operation of the Indian Point 

1? No. 2 plant.  

13 1 think since his proceed.-Ig has atarted we have 

Z:i kind of gone the full circle on that matter.  

"] S (La ughterJo 

16 At the outset, the Atomic Energy Cofiztiissian stated 

17 .] its view that it did not have Jurisdiction over thermal 

Is effltents from nuclear enaratinq plants. Then in 1970, the 

1National Environ!ii'"ltal Policy Act was enacted and as 

20 interpreted by the so-called Calvert Cliffs decision involvin 

- ~ the Baltimcore Gas and Electric Company, the Court determined 

2 that thAtomic Energy Conimission did have jurlisdictioni over 

23 ther'iai relees from nuclear powered plants and considera

O4 tion should be qiven to the envir'onmental impact of such 

ther'Mal releases, if they occurred..
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Then in .tober of 1972 as I niprtioned,, the C cngre;';s 

enacted the wend&ents to the T.,deral Water Pollution Control 

ct ad "? e I say C nress, e-.nac.ted it it was over the veto..  

o01::r o .h United S-tates; so the Congress has 

determiited tb&; no ederal .-gegricy van impose a condition 

toai eould affec t or alter or change any 

d..ei.-tyi ..i... of thervka releases which ad been irade, by "the 

EnvironTnfat. Policy Amini ,is trat.oro "-r pbc i 

o those are t that. the pblic be 

.. h-ei "g di re anc. there will be as to the 

SCOPE, ofendlt as APPJ. cabe t'o th is roceeding 

,here may be contentions tit phe request 

for a cnd.tcin for closed cycle. 0'erS2L-'- does not 

nec,ssar. ir'voivei ; thetmal release consideration and the 

parties at the Noverber 22nd conference were requested to sub

mt bri"efs rea,,pectii these araendrwento and their application 

if any, to this ...e g 

The Applicant undertook the Iurden o supplingo 

the fi:rst brie""' after which the parties will have an 

oppotunitv to file answering briefs and comme as. There 

are some apects of the legislative, history that may be of 

importaince to detmine t,1,. applicatio- of these, amendments 

that may be of conce'.n; for inst- ance9 I believe the legisla

tive histor:y o the &maencren t s to the Federal Water Pollution 

Act which. wa.r enacted in October of 1....2, reflects that on I 
Act wich %: .I



Emi the floor of the Senate, two Senators discussed the scope 

of 1of his Particular section as quite impoc:tant here, Section 

5!J. and both of those two Senators concluded that the 

,4 Atomic Energy Commi ion could not impose a condition for a 

5 closed cycle operation, and I prem te there will be some 

discussion of that in the briefs as to whether conversations 

between members of a leg.sl.tive body are paramourt 

8 in influence to the language of the act itself.  
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T; i2 tin k I h e Legislatlve his.ttor;y also re.flect,2 

tht 1bis pax-,z:cular s ction '511, which will be one cf the 

V'.Ts dve' -Cps in a cortZvaence bewe the hocuse of liersnta-' 

frot ish~ ite coferc bthwene t the.e se.ooa 

prvsix thha tLiuoue of RavresentatiVes to waive that tiinwhh 

oroisin o r.,ti aan th reoti n wa int'~roduced i 

in theHoo(- o Rpreentitvestoerie t.Ih12 reson. Jucnwhc 

-wold rohA1,,i th deelopmntof henowsgecto didn C1y 

17t~e 2.2f erasone COUDYthose 

th- a.2seons given 

-de.3ngwihe tha e inuir ltion, sad:1r1ae,.2.  

hare ari-: the12 ~eaunsnd nlytheetheasn ah~ irencioe
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ar2 
1 in presenbing the requ est for a waiver excluded from 

2 validity the Sclo 511, and the iioard is hopeful that those 

3. matters will be discussed in the briefs which will be filed.  

0 1 presua that in c6nnection with that may well arise the 

5. question, of 'tether the procedures of the legislative branch 

6, are necessarily within the scope of review of the adjudicatory 

*or :jdicia branches of the govern ent and the separation of 

s powers betren -h-e executive and the jutdicial and legislative.  

9 I think ee, ch group jealously guards It, other prerogatives 

and "it may wVll be. that judicial det :rninaton%3 have alrEtat 

bee: maae that woul ,:ay ;hat it is noce ot the buiness 

of the adiudicatory oWy the ;,All. got$ 11-rouglh Ithe legislative 

~br'anch.  

14 On the other hand, there may be judicial determirna

tion t-hat confo."mity with due process and reasonable procedures 

are a requirc-ment for the legislative groups. We hope tne 

briefs will cover those aspects, too.  

iso That generally was the subject of our November 22nd 

Scaifrence.  
At this time I think we have ---- as we indicated, 

! th partie.s have agzeed that this openin g of the evidentiary 

hearings, hicfh we expect will be the last of the evicenliary 

h nearn. in tthis procesding, all parties will introduce 
23 
24 their direct evirdance, after which we will. proceed to a cross,

eXaniAstionI of the Staff witnesses.
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is thit your rcolect o a of the procedure, 

A'opiCant? 

..... . R.... E. D.t , r . x at man.  

AC.N L1AY&L]2 I B ENSCH: Wvil "you nakw you ft.r of 

t0  your ,ovic .rsce,, please,?.  

? ~~ .. ..N' Prior to anc'to.- 0 ±&t 

S WOZd lkE~to vmflta3.  

MR.c c kSTEN- ?d 
R ., I.0,. M. Cha.ti;man tha hearing which 

q 0stdy before tils iard is,., of v:tai :mp ortan ea 

not on,!y to this com. tunity, but to mstror,)oitan area, 

l and inde,x do thnation at, iare. •Tis is bcewso wat 

13 4 a rally at stak.s is the basic y.1dlosophy , e.2 uistbodoioyy that 

TA or g0V63,K~&flm wL4. W.1i ejxtoy ll grap J2ai4 'L..Ln c4CfilUoe& 

and 'Lnv y sup ply problems that .:oznf-.ont us tod2y.  

In ;th minds of mos-t people, I think the basic 

17 question to be dcicded in this h1earing is whether Con Wdiscn 

should build cooling. towers for the Indian Point 2 plant, and 

.if so, Lon what sohodule.  

20 

MR.. TROSTL3: Yes, Sir., 

COiAN tAN JENJCH: Is it your inteirpretation 

bthat t he Staff recommendation necessarilv is related to 23 

2cooling toweats? In view or the physical location of Indian, 

P5 .i t 2?
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U P. TROTEN it isn't absoluialy re2.atd to.  

Scooling levs, .r. Chairmani, but I think. and perhaps we 

3 -an explore this .u rther, that the thrust of the f Is * 
4 recoimendation .i ti:at cooling toers is probably the answer.  

C10-IRM-A.N JENSCI: In other words, you don' t 

space for a cooling po.d, for insta!,Ace? 

7 4R. TROSTEN: The:e is really not enough space 

a for a cooling pond, and I think the othehr alt-rratives that 

axe avaiala abl not very practical. i suspect thu t".z,.UL 

.. rees. I . o, the Intervnozs feel coling to.e.s ar 

pro probably the ans,-.cr here.  

C .1:ALAN JENSCH: Proceed, please.  

MR. TROSTE'Nl There was no real doult in az-yole 13 

m.,d, whether the, plant should be adlovlin'd to operate at all.  

k.sofar as .nvi-tzamenta! prctect.on prObIieMs are concerned, 

and. the ,C hff. ham in this reopect correctly concluded 

that. Indian Paiat 2 should be licened 'to operate.  

JM: is the cond.tione under which the plant sah.uld 

opercate that are in .i.ssue, here. NO " a has beenm statd by 

Con Edison, many times in the pa-t, the company is ne ther 
20 

Z .for nor aga.inst cooling towers for .adian Point 2. Such 
Zl 

structura.e a:, :equipmennt w buld .e very .. . ...... and indeed 

we estimate they would add aboutm.±i~on to the cost of 

4 the plant in terxms of extra capital expenditures ane generating 

cost .  
: 5
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L Now to put this matter in eetiVE Lr 

2, Chairman, this sum of monaey is equivualent. to the c F,. p ar, ot 

3 of building an oi1-fi.ring generatinq plant 01, i: of 

4 Indian Point 2. Now th"r arv obviously many othci: w;rth

5 while uses to vihilch such a Sur of .nonev cc4uld b,- appli.d.  

6 such as the cantruction of hapitals o-r 

7 facilities and obviously many other thirnagl 

Now , .. .COn Edison is -xo.t c Lp- .......  

9 building these str.uctures at .,ndian Point if th, ,4"e...  

10 demonstrates thaat on belance they would be more of a social.  

11 asset than a social liability. e basic i Itat 

12 not enough 4,nf.,ratI is kiwn, to Mrake this j,.xdIgmit yet.  

13 Not by Con Edion, not by the intervenors in I_! s )czedixg, 

14 and not by the AEC Staff.  

15 t Con Edison is asking th.k. 13card to in 

16 essence, is to r~c ognize this i factor and t ere: r: , al " 

17 for adsquat, time to make the necesosay stud.,;s and to 

18 evaluate the results.  

19 Now the idea of no- enough inforn atio i a a-ilabl 

20 to decide this question requires some enpuane. :n A... a.1, 

2.1 hasn't Con Edison been Studying the Hudson R.+.ver 8-,rx.Cq 

22 the late 1950s, and, han't Con Ed son presinatc a vast aut.nt 

.0 5 of information to this Board already about all ite studies 23 
44 "2 and analyses and rs..r 

25
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1The axnswers to. both of these quesitions is yes0 

B ut iinort-onateiy, -that isn't the same thinlg'is sairiig that 

bcause of thtwe know enouigh to decide -this case. The 

4 LIfct isthat the concern over the axviromental and energy 

SU~)ply matters Which looms so large now in. thepublic 

onsciousness is of. relatively. recent vii~taqe. eisS 

.7ever. more Lroportmi-t.,th concepticr. of~ t'he natu~re of -tile 

Sproblerms that we face has evol~ed ;Ai-th astorxiihing :apidity. Th~ 

9 Chai.rm-an brough ozt thatweerhps ha:e come txpe full 

10 cycle in thii3i .n~i~~t a logislat.I-ve poi-nt of. view,,, and a 

11actjlv the same% develAopwixts have dveJ()pCO from- the. ,teckhnical 

1 ie. A year or tw ago, the ve',--y t,43=1 en'trainIMEC2t, 

U14 mear0C something entirely different than itdoes now to the 

1b jIologists and the engineers both in the cgover-nnent and industry 

16 whjo ajre stUdying the problem of !,Cv~er 1p)lan4t design. it is 

17 little wonder tbhen that with the vast zvaount of research that 

10 h0as already been carried out by Con vdi.son on. the H-tadson 

19 IRiver, dt4L11 not answered saome Of- the basic questions that 

20 need to be addressed al.though some of the previously addressed 

21concerns have been layed to ret.  

A little rcf lection on the ccanplexity of these 

23 1problems and the very nature of biological researINch indicates 

241 iwivthis is so. One c-an legitimaltely ask how can it be that 

,_ jall of thi, research still needs to be done when the AE~C
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I Saffha-s~-nj able co0nclude in the Final Environmc-'tai. Statealex 

~ coolng system should be built, and .#hen the Intez-vanors 

have two 'witnessas who think so too., We believe,~ Mr. Chairman 

W tat there is -a simple oanswexr to that question. What the 

5 Staf 2 and intervenors have done is mxake a fundamental error 

6 o-f judgment on the basis of admxittedly very iae tsdata 

7 mid rudementary- models. They havo speculated environtental 

8 damage may Ibe done In -the f ultu-a to the Hludson R: Lver ecosystem 

9 by the once.-through ''cooling sySter of2 India-n Point 2.  

10 ~Then ha-,ving ass urned that th-is problem rmay oc,1cu.r 

I they have leaped to the conlcuslon that a once-throtug.h cooling 

2 sys'tem probably 400 to 500 foat high cooling tcirs larger than 

13the size of a football field turned or- its e-ndf $hould be 

jzd built to solve these problemrs..  

5 Now, t-hey h ave reached that conclus ion without 

6~' stopping to cAnalyze fully what kinds~ of envw.ropunental problems 

.7 the cooling tcxwars xright th~exees cwnse. Thlle astheti c problem! 

Sthe possible effects that billions of gallons of salty water 

19 evaporate into the atmosphere from tche to-wers might cause 

20O to the people and property in this area and so forth, and 

21without alowing adequate time for Con Edison to investigate 

2,; 1thseproblems.  

t2es What the staff axid the Intervenors have s aid.  

p I~ai~i "stis Never x~ind Mbout these possible problems.  

25 LaM the torpctdoes, full sped ahead. iRa -- that altexrnative
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I' system, installed right xoway." 

2. Con Edison does not consi~der this is -A 

'3 way for eit or the governmruent or an elect~ric L '4tility t 

4 PXroceed. Theref ore, wrhat we are aoking this Board to do i 

5 evarluate the evidence that will b eresex'nt, ,L- to it int th1-is 

6 hearing. Vie are Confident when this is doez tI,'e B,'ca'-d xvill 

7 conclude, as we have,~ that there is not en ar-5ict.ate ua!:.X 

ojustification at this time to requirce t-he instal..ation o', 

aclosed cycle Cool~ing system :Z<r Indian, !.?sr.t 2 an '. a..  

70 indeed, all the airai]Able cividence idcts h ad'y veY255 

Seffect from t:he' once -thr ough c~ooling syst~m wix J be .at.&~ 

Sminor. 'We as-k you to conclude that -the damaiyity w 

13 to- tie Hudson ?Pivex ecosyster. should be scintificp'ly 

14 netiae over an adequate period o-f time cc . istent wii,-h 

the life cycle of the species in the Buds= River.  

16 ~And th;at rat the sare time, t-he a-ncaic NAnd 

17 envirozi~etl aspects of alternative cooling systemis sho-alei 

76 be invest iqatead as scion as prac-Li1cal. Con Edison cansirl~r 

19 that t11hese actiOns Car. reaso0nabl17 be tWQen in. ti-M-1e to haVe 

20 a alteratve coolinq Systemi i-nstalledv if that is ultimately 

deternined to be necessary, within eight years, In the light 

22 f the best scientific information that iza availabole to this 

23 companmy, Con~ Edison believes thiat any adverse effect or, the 

24 ude..on Rive~r ecosystaw, dnring this pericid of tire will 1-1.t 

25 be reer35
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matter opened up.  

CHAIDN1XN JENSCE : And placed in. a tlCt22ig 

procedure? 

R0 TPOSTEW: Well I fisnd it a little difcult tO 

answer that question, N1. Chairman. Becase int 

that, I would have to know what the data provides. Certainly 

there is the possibility that a hearing could 
be held on this 

Whether that possibil itv would mateia.i
z e in the partic%.ul ar 

place would depend upon the facts that have been prC..t.d 

and the procedures of the Atomic Energy Com ission %that tie.  

lvailable at the time and the c.ofldxitionQ- of the :icera..e , 

that is why it is rather an abstract qestion that yo. are 

Iasking me, Mr. Chairinaii, so I find it somewhat di ffialt t 

answer it purely in the abstract.  

CH&AIRMAN JErSCH3 Lot e tke these .acay anu M 

if you can apply your judgment to this4 Suppos:Lng the study 

is completed within a certain number of years and Con dsoUn 

says still no cooling towers are necessary,0 the Staff says 

we believe closed cycle should be applied 'to the operatio,. of 

the plant, and the Inte"-vel r:S here do too. Woifld on 'hoe fas 

Con Edison have any objection to public •proc.eed-in priogdur&s 

in reference to a consideration of the matter at the copleh.Oj 

of the study period? 

MR. TYaOSWEN: Well if that: situation were the casel 

I would prcesu -me that the Staff would itstitue pu'blie P d 

If .not iV 
If Co Vdiso "n wudnot agree ii it would seena to me ia. ecw.'n ...... 'w, 

If C ,.£so woud " ' "I
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developed0  N7, is it your thought in _making that request 

2 that you would sub:it the data to'the Atomic Energy Coe..lision 

and to the parties in this proceeding who. would have a :tight @4 
to inquire into the results of the study at the end of the 

5 time, whatever it be designated to be, and give. them an 

opportunity to contest or affirm or whatever coimment in 

any respect, regarding those matters? 

8 MR. TROSTEN Certainly, Mr. Chairm&an These 

9 data would be made availble not only to the Atomic Eaex'g 

S' Cotmission an d to the parties to this proceeding, but to 

all federal and state agencies and, to the public -at l,... .  

12 CHAIRMIAN JUENSC: You have no objection to having 

1 3 a proceeding instituted to test the results of the studies 

,4 as you would present -them, is that correct? 

5MR. TROSTE1Y: let me put it this way, Mr. Cheaixyn,.  

16 The procedure that would be follomwed when the data were made 

17 available and as they became available would be determined by 

18 the applicable procedures of the Atomic Energy C, o s in 

19 and of the other agencies, both federal and state, havirng 

20 jurisdiction.  

21 CAIRD.N JENSCH: I just 4ondered what is your 

22 position? Woul you have any objection. to having the matter 

23 opened up say here at the Atomic Energy Commdssion to test 

24 these matters?.  

25 MR. TROSTEN: Would I have an objection to having the 

•. ' ..; " : : :, ..-.
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I want to emphasize, Mr. Chairman, that the data 

2 from Con EdisonUs planned five-year study of the river would 

be made availab le to the federal agencies nd the state 

/4 agencies t .have j.-iAso ichat they would have the 

5 information needed in a timely fashion to determnine what 

6 if an3y, changes are needed in the present cooling system.

7 Fu :thermore, should Con Edison conclude on the 

basis of this study that the need has been demonstrated for 

modification of the present cooling system for Yndian Point 2 

the company would, on its own initiative pro-poe such a 

moification t,) the governmental gncies having juris

? dication over that nW"ter.  

R3 R. Chairman, we ask that this Board consider 

14 carefully the evidence to be Presented to you in this hearing.  

In Ccn EdisonUs view, that evidence demonstrates that the 

16 INdian Point 2 facility should be lice.nsed with the present 

cooling system and the other programs for the protection of the 

envi:,:onment,-hat have been outlined in our testimonyshould 

I be carried out.  

20 Thank yoli, Sir.  

CHAXIKII JENSCH*. Let me ask you, what do you 

envision as the procedure. You have noted that there has 

23 been concern with the f~act that Cona Edision has been studying 

the Hudson River since 1950 and if you are allowed just a 24 

25 few more years, you think the necessary answers will be 
*5
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cou!l-n~t agree,, I would name to adult-'there isthposbly 

that we could not agree under those c ui r so! an ces . I would 

3 like to think if it was so clear from this that Con Bdison 

4 itself wouid have concluded without -the Staff drawing that 

that we should go in this direction. But Af for soMra 

6 reason we had not been able to 
react agreement on this, and 

the 

7 Atonic Energy Co-.SSio chose to .instit further hear7UM 

Sprocedures or a require-ent that the company install these 

.procedures, es, we would have to go ai"onyg with that-. VLr.  

Ci.AIT.... IN jENSC1: That wasn't quite I questiofl 

quest on was assumlng in the formulation 
of the udgmezlt 

whether there would be any hearings, would C n Zdison have 

j any objection if it would so 
indicate to the Abortic Energy 

Commission that public proceeding may be instituted 
15 

to test the re-sults of the studies undert ,k n on the Hudson 

3-1 River? 

17 18 

19 

10 

ao 

21 ' 

22 

* 24 

25
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* MR. TROSTEN: Would we object if public procedures 

2 Were instituted? 

CHAIRMA jENSCH: Yes. Would you have any objec

tion to the ksting of the validity of the results of the 

studies on the H udson River? 

MR. TROSTEN: I would have to answer the question 

that I suppose we would not object to that, 1r. Chairman.  

In a purely abstract sense, I guess I ,vould have to say 

the answer is no, we would not object, You underXstand the 

difficulty tliat I am having with a hyp.thetical question like 

j at, Mr. Chairman? 

CUAIPMAN JENSCH; I r- tlly am not having an under
standing of your diff iculty C understad your r statment 

13 

that you are having difficulty.  
14 

(Laughter.) 

MR. MACBETH: Mr. Chairman, X think thia is 
a very practical question rather than alstract one, and I 

17 

think it is one which 1 certainly would like to have a very 
t8j 

clear answer fromn the. Applicant. What the Applicant has 
asked for from this Board is a license to operate Indian 

20 
Point 2 40 years at full power with no conditions. No condi

tions to undertake research; no conditions to build cooling 

22 

towers after five years if the five-year study should have 
23 

this or that result. They have asked for a license with no 

2[conditions. If the Applicant is now saying that it wants to 

25
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2 have conditions in the license for reiearch, wants to hav 

a conditions An the licen-e for zone Sort of I would 

c' like to have that clea.c beforze this ... T Anlcat JS 

A about to offer tesinoy to ihe lzoa:-o wxtwh involves th- t 

research Program. I thbk that in terras of what the 

6 Applicant has asked fc."r as . 1 censs from the feari'q Board, 

1, that testimony is lt zil'k the ,ood py.art of 

S what Mr. Tros tn has La iwhat I toake;D to be an open-ing 

statem.nt is essentially t0  The have a,- t asked, 

for any cond~tion for a esc;ach )caum. They ark', pl y 

asking ths Board to t-a,- hat into a !,cc-va;t. to 

w - hat, I Lot t c" f- h 

of Con Edison.  

Mr Trostn. quits righ't- ic $122 million could 

be... sent for o .Ir rpos or.phanage poli contro 

f .o0JLI ty 1 0 k1 t he'we -thoughit the coacliaic to w o wev hava 

beenh, as ao oollutionControl'. fexlity.  

27 

I think that spendling the F.oncv for kin orpranage 

is an equally irrelevant thir. for this Board to consider 

unless the Applicant is asking to have zome condition 

in this license which will raquire it to do research, will 

require it to mae some sort of review, and w:ll kep that 

review a public one before this Board and before t.nheI 

veaiorts and the Saf', ax.d constantly in his responle Mr.  
24 

.Trosten referred to the Staff s beginning further proceedings, 25



1r no h ntervenors1 can: assure you the Intervenors ar:e3 

a very uhaaeo hsstazo n eyitrse in 

it, and will renmin so. I would like a clear answer 

from 1Px. r<often as to whether he is proposinq cond3itio ns 

of hatsort.  

ot hatCHA"LRMAN JENSCHf. Well., I think that perhap6 on,-;, 

7 of the concerns thiat Ithere lxiy bc. regarding thesne nat,1ters 

6 can probably bztt r, datc-cmined afte-.r the presentatioan of 

9 evidenco. Whctthar the J?ppicant is requesting, a conditiont or 

Sfnot is not of primary cocazn to the iBoard I the Board 

believes the conditiori is advisab.'ea the Board wil do it, 

whthrth pllfcant asks 'or it or not. We don't f e I 

V w aeguided at all by uhat the Applicant aaks for here. It 

is by what the facta aeeem to' justif-Ey L-A the. judgment of the 

IS Board as advisable for the operation of this plant insofa~r 

azs envirozmental coac-errns are concerned and'of importance.  

MR. M4ACBELTH I have confidence the 8oard will do 

what the facts require of it. It. is just that' I' have a 

g reat deal of difficul.ty understanding wihat position the 

Ap0icat isagigfor from timie to tim~e in his. con'sistenxt 

imphasis on razearch whan no coaditions for rasearch appear 

nobe reuse.I a ecnusdcntnl.1ral 

211 .!pplicant has taken. It is ac; much to make that clear in 

25v aywn mind, for the othar parties that I would li-ke to see
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r ~that clarified.  * 
CH'IRI4AN J.ESCH You heard the Applicant say 

that he's having some dfficulty thinki.. g of these things 

in the abstract bec-zu ha felt they were in the abstrao;t.  

MR. MACBETH: 1 have the same difficulty, I take 

it, as the Board did in u derstanding w-,hy they were abs tract 

or why the Applicant .ad so much difficulty with them. i 

would certalnly hopa in. the Iaext fa days -the Applictat could 

try to bring this do,n to a level of racti-cality a d make.  

0 up his mind in a clear aned straightforward matter.  

1MR. T".STEN. Perhaps I can claril y the mattac 

moedi-tely ' ithout waiting a day or two for Mr l.acbeth..  

tmade it clear from what 1 said that Con Edison 
13 

has no objection to whatever procadure ic determined to be 

appropriate at the time, includix.g public hearings, Mr.  
15 

Chairman, if tha ts the appropriate procedure. We recognize 

fully the public interest in this, ar.d the need to satisfy 
17 

that interect, and .f public hearings are ths requirad 
13 

procedure at that time, then that' s what 1he required 

20 procedure will be We have no cbjection to that. I hope 

that respond's to what Mr . Mcbeth has said.  
21 

MR. MACBETU: I would like to respond, if I could, 

2 to some of the other points Mr. Trosten raised.  
23 

CHAIRMAN JENSCH: Proceed.  

MR. m-CBETIH: What is at stake here is the question 
25
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1 Of Some, atearna-tive cooling system,. and the reason 

-that that is at stake is-that Con E~dison has done So 

3rnmeach in tha past'ai the Hudshon River. They are largely 

S 4 rapoxAwbln. for the rasarch done by Carl~son M~cCann i~n 

~ thes Hudson Piver bF.1 he.ria2 Ivtiti ndertaken In 

Sconne.ction w.ith the StCormi Ring Plant. It is really that 

b £asic research that all the pat-ties to this prosledi.ng, 

th e, A'pct, tha Staf and the InI'ervaznors, have' u~sed 

toanaly; e the life cycle anid the movernent of atriped bass 

oin the 241udloa Rive~r.  

it is on the basis of that itand the vast, amount olf 

13 

12 if~~t tthe in the it 3.ur and 2 faevltisc, tare. t1.hi-a 

Tnoftirvenor n h tI have concluded that through an 

impnrinemt, the a Indian Point I and f wiillesar ki ol 3 

to 50ll peren pact t he annual a atrllpa bass production. ~ 

15 

o hig rive, ad th Sa fiol hase cnclde tht kuough ~ac~hsb 

ass -ande~t t a~ plant thdan Pt 1 aondo 2will kiloff3 

1 7 t 5 0 e r c e t i o n t e b s o f t he a n l s t i e b a n ss ad c ln o fha t i-l 
Is

6235
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know7edg6 t.h,,t both tThe Staff and . intrve ors have 

proposed that cooling towerls or a,te .ati co.d cycle 

I cooling system us C"vton t d. ;t IT;2. In 

WC-very step must be tdlc n to irotert that s k1e 1erV 

MA t r to

Ymher-'e are two ....th0.,r reas s y the rl 

moa etzcpd baufishercy o f Uh E esom ev 

IS ae fA value to and ca.m'Mexcia. fisho, 1.

b--h ol haeHuda i,org loli d, and u~p amd down thoeaotz., rn 

9 both Ofl tzChe tdO .2,, Lon . • .'.", h 

ooast oi "eU .S.' The *iripad bass is ona -of the great salt 

coas Otthe~ 0:~ii~ " i' also a: n extr~emely 

iat game- fishes ese wakers it .... ..  

4t :,qpor.tat cohM t rCla. tisho 

Surther, it seem altogether .'oLke.: tha .th 

Hudson is the principal or one of 'the dominrant spaw&n.iag 

and nursery qroundct not only fo: the striped bass fi,.s: hery 

in the. New York area and isvng : ,Island Soun-d, but for large:

SQA in ttte Coast not the center 
i -i , raSin the= mid-AtlantiC, & md-t' i ..  

of the Atlantic Ocean.  

That makes this plant and this sp-aing groun
d 

extremely important to fishermen up and do-wn" this coast 

U That fishery is ext:-ceely important not on-ly for, recreational 

22 purposes, but for commerciLal riu.. ro in the larger pense 

d Of the amount'of -money that is. spent on tacklei and gear and 

fishing expeditions. This includes -- has an ingiluence on 

*24..  

2 ite livelihcOd of -people who run m:arinas and sports fish-ing 
25
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1 rstablshnents up and down the east coaSt Of the U.S 

P The other major reason that this particular plant 

3 in this pro-r±eeding 18 so i~porta nt 1,C cKIS that is dicussed 

4 briefly at 1'.he Noveniiber 22nd rm;:ating. At the present tlu 

5 wa re witnassing an izrt~ense axplaitation of the Hudson 

6 Riverfor cooling purposes ftrf electrical". plants, No-,- orsly 

7 is thi5 enormous plant at Indian Point 2 about -to start 

a operation, Indian Poiat 21 atandr Inslind it. The l.argie fozzi I 

9 ue pJn t Bawli. %g Point an~d Ro~etofl on the onpstesd 

0 Of: the river, one five miles from this site and -the o~ther 22 

miles from this site, wlover the~ courL-^e of .- w... IS 

12 mon-tlh, be making te dew-iaads oa the iaatar of the Hudsan 

13 Rver., 

W R.What we face is thag situation in which this Part 

of 1zepicture, this slice of the pie, would account for 

16 6 percent of the striped bass fshery. Those zd.tionaal 

17 plants cou~d account for a m~uch gr eait-r quantity. WE- f ace a 

18 really dramatic and dangerous situation on th#e-: Hudson rdvar.  

29 ofdngr gainut this, the Applicant raises the apector 

of angrsfram the cool.ing tower of some sort, vrisual 

21 intrusion, salt deposition. I think there is no question, 

an~d the Applicant him~self has ealid this-. t-hat visual intrusion 

Sis a subjective matter that cannot be quantified in any very 

clear way. There vd"1l be some visual intrusion if cooling 
24 

towers are constructed. B~ut the Applicant himself has made 
25



ar8 -~studies of the quostiori of i1t deposition and other kinds 

S of environmanta 1 danage froin thidnecoling towers o r f -iamn a-ny 

~alternative closed cycle systa, and ha,, found virtually no 

S - ezvirocnmentai. daiziage. I think the Board should bear that in 

mind ao they 11sten to the evide.,.ce that is peented h 4

6 1- at the altexnatiAve U~ one that will be costly. We cartail 

.7 don't think it'is cozitly as tha -- as -he figures the 

i8 Aplcant has pxduced. We don't think tE.hatdar costo anywhere I 

match the vast cost to the Rsharles il~' i hls region thtthe 

qq peration would produce.  

But there are vr.41tually no ata- ~d-of burdanfl 

~, that wotxld be put on this ~oru ity t -oldnot be 

Srustinmg out of automobiles or the decirtiatin of the vagetatior.  

ft:OM salt in the air. Tbars would not be fogging along 

thie ground. There would not ).xs unccaptable acise. 1 

think that should be carefully wkighed by the Board.  
16 

77 1 thnk that .when the facts have been developed 

fully in thia vrocceding, both t-hrough direct testimony 

19 and through cross-xaination, the Bloard will find that the 

SIconstruction of soma alternative closed cycle system, poal 

21j cooling towers, should be undertzkean as rapidly as possible, 

22 and in that mre-ant-ima, during the crucial Periods of the year, 

in the dead of wintar and in the June and July SP 4w4ning 

season, the plant should be operated oA a restricted basis 

0so that it is Z11ailable to provide pourer that is absolutely 
25 1
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essential to the consumers in the Con Edison systei, 

fbut not so that it i run unnecessarily with the kinds of 

damage to t.he Hudson River, to its aquatlc life A-ak its.  

4 entire cosyste-m 

I think the facts as prosented both by the Staff 

, .and the Intervenors and 'through the crass-examinaton of 

7 the Applica.t's wtntsass will show will take place if this 

plant is licensed to operate at full powar for 40 yea:ra with 

9 no conditions.  

10 Thank you.  

e4 
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CHAI PP.A N IENSCH' DO YOUIM ~ ht h t wa 

2 of the cooling towers fo:r the -Vemont Yankee NUCIear P3,-.-nt? 

31 JJR~. JvAC BEWK:Ii dan t -ft "hand, no, !Ar Chairm~an.  

4 CNAI.%WALN JENSCH: I don'~t know. I don't hiwve a 

5 P resent recollectiLon. I was wondering -111 it was .something 

6 in the region of $60 mIAllion. I do0 t know.y 2: h -W aodred 

7 jwhether any figures like Ithat ar pasaivo at all -;:or the kinPi 

8 of construction proposed hera 

9 iRR. NAC BEH T n the testiimony thtthe nveo 

1, will be presenting throu~gh Dr. 'Cric 3AUnley, figures are 

provided, comparaive figures witah other planits, n hn 

12 Dr. Ains Icy wouold be able to supplement those somewhat osn 

13 cross -xainat ion. I o tknxow wbAether he is :Faailiar 

'with thez- cost sittuation of Vemrzmnt yamikee in 1 Particillax 

Is L-t Ii- has had i4de experienlce ini the NLidies- ande will be 

iG ready to answer queztimns as to the cost!; when he is here.  

17 11R. TROSTEN: Mr. Cha-irman, I'might just point oixt 

those were mechanical draft tcxiers.  

?9 ~CHIMAN JENSCH:z Yes. I donut. know which is the 

20f better for this situation or would be considered by the partie.  

21 -2This was one othe r thing, though. We did discuss 

22 at the November 22nd co.311erence something about the possible 

23 alternatives for poiwer supply,, amd while as I underst and itp tlm3 

Hudson Riv,-er Fishermem's Asociation, Environment Defense 

0 Fund- raise no contention as to the need of power In, this 

area, I am wondering 'had the possibility Of Pow r, say~
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eak21~ fromi Canzda would bear upon any tezms or conditions of 

2 if the B3owrd mrer-e. to suggest that; there be cond.Itions ILCr 

3 the operation of the plant.  

In the resect, if you could get power :From Canada.  

w would there -be am a&A1g off, let mye eiay, off the contenti ions 

6 abomt the leghof the asly? Novi, as I umederstan~d 

7 jAplicant's coanmel, eight years, Staff, i think has 

pj suggested another figure, and Judson Rive. P~i he=s 

9 Asociation aven another- f-icms. If there x-iere po-wer froa.i 

SCanaea available, it -might af'fect the lenqth of time h.  

* t he study nmiqrht be Unirt.&Oken, would it not? 

MR£4. MACBETH: Mr Chaimmno if the plant was hot to 

1 operate during the crucial tiavas of the year, or especial.-iV 

from our poinat of view, the -ai'ps -to p-unp the Ysater to tie 

15 condensers vw.ere not to' operate,, then we would have no 

16 objectima to however lmtg the .1\_plicaflt dhose to stud'y.  

1 Our concern 11s i.,ith the direct iiUltpact on, the aquati_

Ike of the rivar0  Am long as the puiips of the rivanr. do not 

19 operate,, whatever otherX method -the .Aplicant has for 

a0 bringing pmwer are of no concern to us. if they could procure 

21 water from Canada to cool the condenver tubes, that.would be 

22 perfectly suf ficient.  

23 (Laughter.) 

24 cnAIRmM JENSCHc 'Wcll, under the H~ortonl case, 

25 az understand it, you are to consider all 
alternatives.
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eak3 (Laughteor) 

W2 -2ipe lines -=- pipe lines for 'vate , -if not gas 0 

:3 "ou..d be of soe importance. I dom2t know 

4 luav~e you axxuCODzCdQ your statement? 

M1. ACBE*Tfi 1Z have.  

CHAIM1-M JEUISCH -(av we hear f ro the New York 

7 Stat e ==m'sei o 

tat o MR. "K ,iN: We have no statev.{ent at this tie.  

9 CAIP4.3 JE-SC: Rfeulatory Staff? 

.I had not in'Cndeid to x-e3pe an, Q pc3ng 

z, tate3efnto Our position , of course, is that the egulatoxry 

S2 a f 0o the Ceiimission has evaluated th.e environmwtal irYnacts 

of. the operation o; Kndizin POint 2 on -the biota of t. Hudson 
*4 Ri~ i~ e have o to some conclusions Whidn ave 

. .U i. arized in this Final Envirmonmental Statemxent which will 

be ou r direct evidence in this prdoceeding -and as a re.sult of 

iouri evaluation, there axre certain conclusions that we have 

come to abou- the possibility of severe impact upon .the 

biota of the Hdson and have recommended that certain condition 

be attached to may license for the operation of such plant; 

n2ely, of comlr-ce, the installation of a closed cycle 

qO0ling System. We have also indicated that we would expect.  

the Applicant to evaluate and. asess the impact of sauch 
23 

o4everation an the Hudson during the actual operation of the plan; 

2 a and we have set certain time franme conditionG for the 

submission by the Applican, of designs for a closed cycle



eoJk4 I ccooling system and~ al~so allowed the Applicant ars opportunity 

2 fer muI-:ng i ts zstuct-.es to come bac~x to the Comaso an'd 

0,if nczd be -- an if it finds tha he se-,,are enviromental 

S4 ipact wuhich we ati~cipate witlh a onceo-thrsough Coaling~ Cycle 

.5 -does' in ef fect. not. hka.pperj th~at t~liev cuold came L-;: t h 

6i Conmissbon anad -file axt arproriaete application fo .' Eu 

7 amndment of -a license which -- vhich wvill._ req~uire i~tla~ 

8 oiF a closed cycle cooling system by a cer~tain date.  

we hiave tstbmitted thi. a-decen~ 

I() and~ we h~ave oux pane. Of~ wit-niassem-S "U' respond. to Wany Cross

jj enravination with respeCI, -to ttcoxnfident of the fact that oui 

19 elatior a2, an aly~zs -will be conirmed 4 

CHIRTi.ly' 13EISCH. -Thark y011.  

~ Ii ~ma~ as.' the Applcat what. do you prcopose 

Sto do to stop the -Cish kill? As~i I understand itf*,* we juwt 

6 cannot avoi fish illumd the presezt operation. What 

17 do you propose in order to stop the ftsh kill? 

MR. TXZSE ".-here are several things rae prapoae, 

19IV M Chairman. It is correct .that so far as X am~ aware, it 'is 

20 ossbl to avoid killing amy Eish at Indian Point. Thezre 

21 are several things that we are doing. Perhaps the most 

21 laortant thing that is being done is to operiate uder a 

23 p.an of reduze d f low7, 60 percent flow f or the month of, I 

24. believ., October throvigh march. Another important matter that 

25 is being done is to install these a ir bubble curtains in 

front of the~ intake of %the planrta, in front of thie intakes of
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I~he plan t, Wa.,are al~so in. accordance with -the agreement that we' 

ttave with the State &tI 11 Yok iniestigating a screened 

:lagccn fox tlha -Lntakes forx the planits. These axnz, I w'O'di.  

iaaq he tv firs I wu~d nay, are the two princiy_1 at 

th at are unck-r cndrao at the present izrna, notj 

consideriatJion. The :seknced Elm; is in eff ct That; cab-ility7 

ex-itztt aid that wudbe U nt of efact. T111air buW b le 

ar 4e ing ins tal 1 d and the s cr-een-ed Iagcon i1s kbe inrg 

Inve tif-'ated in accordance wi th a time scileele agr~eed upoyn 

wit~h the -Departmcent of 0 nina onservatcion of the Stata

i ETSH Tzn you.  

Ntru,, In vj.eyw c-Z thatjc letr~ ozi a k thc ' 

pprach whicear ~hat bthaL tht lbe lke ste-el 

Screen~ing balo u v iteli-Ver through which would 

coethe water needed but it would be so large that there 

wun t be such wan im'pact" from the velocity of the wfate ;r 

-coxying through, and that it would tend to lessen the fish 

kill.  

Would thew Hudson River Fi~hermen's Azssoliation 

.have any objection if that typo Of apPrc&ch were adopteC7.  

MR. M$ACBETH: Well, Kr Chairman, first the kills 

at -the screen are only a 'part of the total probLem here. The 

Staff of the Co mssion has analyzed the deaths due5 to

I
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entrainment which are veI small fish eggs, young juveniles, 

suIZtfficientlv small so they simply pass through the wire 

ed!ih of the screen. They have estimar&ted that entrainment alone 

would kill 30 to 50 percent of the annual production of 

sttiped bass in the Hudson on a ennual basis. Now, none, of 

these methods Just described by the Applicant have any 

c. fect on entram"Mmenlt. Our o'm, expert has esti-mat6ed entrvain

meant loss a.d it comes to a f-igare somewhat less than the 

StaffJs but still vezy, very large.  

So the entCafelabln- kills are a very large part 

of what we are conceled about here and neither ai:c bubbles 

or reduced flow1, especially since reducd flow i s not

posed for the spring auA sumuer month whe- the szpwning is goit 

on and -the young juvemils w. present', wold meet our concerf.  

Obviously0 especiali y n a riy priod of o 

before closed cycle system is constructed and in operationc, 

any ac io te Aplicant cmf take to Zeduce kils -at. he.  

stream.%-,Tc think would be an improvement. We agree With the 

Applicant. that reduced flowy in the wtnter will somewhat reduce 

the fish kills in the spring. Less water being taken 

in, less .sh suclked up and killed against the screens.
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i. 8 We are very dubious that air bubbleI curtains, wnl 

as I understand t heim, ar. pi:es out in the zer • out of which 

3 air is shot that in some wcays af ... ct& the behavior of fsh 

H that they don t come up against the screens -- we are very 

5 1 dubious that that will have any -major effec-L- on the kils 

6 from irIp:&ag3AYent4  Tvestication of a lagoon is sirply an 21 ipvesjatiaon It seems to be one of those "4:tnesigtizi 

o 4 that's been coing oT a. onr time. SouIS o U'he early docu

. innts we received from Con Edison, maps of i.oons we w,

2 O dr .0rn that were being 1nvestigated and looked into 

* Now they are u.nder an ordetr to produce some kind 

I of4 ' l investigation fro, the Department of Em i nme-ntal I 

2 Conservation and maybe we will come -to a head wit-h a lgaron 

-,4, idea° 1 r~emain very dubious about simply an ongroing investi.-.  

gation into lagoons anld again lagoons ol n affec the 

096 entrainment problem. I-t has yet to be shown they would in ail, 

I subs-tantia' way affect the impingement problem0 

qie CHAIRMAN JENSCN; Anything further? 

2 . TROSTEN: Yes. X think it would be well to 

.20 bring this point to the fore, Vrr Chairman0  In the first 

place, we are operating under a very distinct schedule with 

2 2 the State to study the screening lagoon. I will have the 

date for you in just a.minute.  

2A In addition to that fact, we are investigating 

2 other systems such as substituting traveling screens for 
the



w

1 Gt 

18 

11 

20 

2-4 

25
0

6246 

We are very dubious that air bubble curtai vs, whic' 

as .1 understand thexnt, are pipcs out jin the r iver out 0.2 zw hi ch~ 

air is ahot th-att in somne ways affects the behavior of fish 

that they don' t co-mei up against the screens -- we are very 

dubi.ous that that ;,.ill have any major affect on the kills1 

from impinge-ment. investigation. of a lagoon is simply an 

invetigaion.It sevois to be one of -those ivestigtiofls 

that's been going on a long time. Some of" the early doc'u

ments we rceceived fromx Con Edison, maps o~f on ir 

dran that' were being investigatead and locked5 into.  

-Don.. they axre- undk.er an orde-:r to produce sorme 11inel 

of final invetigation fronm the Departmenlt of ~vr~tI 

Conseation and mbewe -will come to a head VOih a lagon 

idea~. I rsanvery dubious about sim~pl~y an ongoing ini.esti

gation Into lagoons and again lagoons woucld not affec-t the 

'entrain'Tcat Problem. it has~ yell- to be shown they would in n 

substantial way affect the imnpingemxfent problem.  

CIIAIrAM JEN~SCi!: Anything -firther? 

MR. TROSTEN: Yes, I think it would be well to 

bring this point to the fore Mr. Chairivan. in the first 

place, we are operating under a very distinc~t schedule With 

the State to study the screening lagoosni. I will have the 

date for you in Just a minute.  

In addition to that fact, we are investigatinlg 

other systems such as substituting traveling screens for the
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continuous washing of the fixed screens and there are a series 

of ::emediai measures which we are considering and which could 

be brought to bear to further correct the fish impingement 

problem at the screens We will be prepared to discuss -t -i 

further, of course, during the course of the hearing.  

I would also like to say that t-he experience that 

' we have had with the air bubble curtain -which as Mr. Macbeth 

directly points out, is a device that shoots a poerful cur

rent of air bubbles in front of the screens and creates a st!.ong 

16 current before them0 tending to move things aTay from the 

screens. The experience that v'e have had with the air 

12 bubblers has been quite favorable. I really #anted to add 

that , Mr. Chairman.  

.eA C A nRMAN. n u .n - very w;e n,.  

15 A11 parties ready to introduce evidence? 

96 Applicant, will you proceed, please? 

-7 MR. oTROS'TEN: Yes'.  

Mr. Chairman, at this time I would 1ik4e to offer 

19 in evidence the following written doctmients that have pre

20 viously been prepared and have been siubmit-ed to all parties.  

21 These documents are the testimony of Edward C. Raney on the 

22 striped bass -- I am just going to suipmarize the titles, Mr 
.  

23 Chairman -- dated October 30, 1972; the testimony of Dr. James 

2 4. McFadden on the impact of entrainment 
and impingement, dated 

25 October 30, 1972; the testimony of Dr. Gerald J. Lauer 
of New
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York University on the effects of Indian Point Units 1 and 
2 

operation on the Hudson River biota dated October 30th; the 

testimony of Carl Ne-w-man Vice President of Consolidated 

Edison on alternative closed cycle cooling systems at Indian 

Point 2, dated October 30th; and finally the testimony 
of Dr.  

John P. Lawler on the effect of entrainaent and impingement 

at Indian Point on the populations of the Hudson River 

striped bass dated October 30th, 1972.  

in addition to those pieces of prepared testimony, 

I wish to offer in evidence at this time the following 

appendices to the lette raio Mr.. Harry Woodbury to the 

AEC's director of the Division of Radiolo.gj.ca and Environmental 

Protection dated May 30, 1972, which appendices are 
reproduced 

in Volume 2 of the Septeraber, 1972, Final Environmeltal 

Statement for Indian Point 2. These appendices are Appendix 

B-l,detailed cofments on thermal discharge aspects of ABC draft 

statemenrt dated April !3, 1972; AppendiX C, general comments 

on dissolved oxygen; Appendix E, comments on statemetrs on 

entrainment; and Appendix G, the scope of work for ecological 

studies at Indian Point.  

The first three appendices are being, offered 
under 

the sponsorship of Di. John P. Lawler. The last one, Appendix 

G, is being offered under the sponsorship 
of Mr. Harry Woodbury 

At this time, I would like. to have my witnesses 

stand, Dr. Lawler, Dr. Lauer, and Ix. 
Woodbury, stand and
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4 I approac. me, please 

2 By stipulation with the other parties, we have Only 

3 thre~e of oi;zr wetness here.  

CHAIRMAN :ENSC All. of these yentlemen have been 

5 siworn, as I3 veaalil is thlat correct? 

6 VIR. .TROSTE i: Yes, sir, they have.  

7 Whereupono 

8 GE.P31LD J. LAUER 

9JOHN P. LARTLE R 

10 JH;AR!-'2 WOODEURY 

if were• recalled to the sta.d as winses on ..... of !_i 

12 Applicant, and, having been previously duly s-,oxn.  

13 *vere examined and testified further as follows: 

14 DICT EYMINATION 

15 VIRo TROSTEN: Gentlemen, X shca, you the testimony 

6 and you have previously re.iewed-the tesiUnony which- have 

17 identified which will be sponsored by you, aad I ask if 

16 this testimony was prepared by you or under your supervisio n 

|j and direction, and are the contents of these written documents 

20 true and correct,. to the best of your knot.ledge? 

21 WITNESS LAUER: Yes, they are.  

22 INS R 

23 WITNESS WOODBURY:, Yes o 

MR. TROSTEN: Do you desire that these documents 

25 which I have identified as being, sponsored by 
you, be received
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i...this pTcoceedinc as your 'estimony? 

WX~ir' 0  A Uflj Yes 

IX WESS LAWL,,ER2 Te.  

IT. T13OSTEN: Mr,. Chira -7 th:. cm ask, 

that the docum.enlts which I hvre'. anf 

I wil umr.i.. them gan the test .ony of Dr ac 

ted October 30 . testimony of r awc dated Otober 

30i Aendix B,-I ppeY.d, X C , a sd ' nd.. i  by 

Dr a l r n j-prd~ G to be spcnscc d y , 0 Wo dbar 

be received in evidenc&l" in this prooeeding and included lit 

th transcript as ik read.  

! ' BET J . Any objectioy? 

CHAX RC.,N J5NSCH Any-- .b ieczCn" 

MR. , l i. . ,H lak'ect t , three - .arts e the 

,.r timon App.0endix C in its ent.rety. pa.es. 26 t 3 r 

Mc.add. . estr and pges 79 - of Dz 

testimony begqinnirM q v'7ere it says a study zhould 'hIe desiqn,,d 

All of those thr..ee p,.eces of .oy relte 'to 

proposed research ptoqram by Consolidated Edison ....  

consider them to be irrelevant to the license for which 

Con Edison has applied which is a full' term, full .. e 

6xeatin. licensewh no conditions requiring re isear*ch 

I ob...ct to the tota part O f Com .Ion- 0,0.,., 7 

twstlanony on the rr.wn.. it "Ist the Case they
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are trying to prove.  

CXIAIRUAN JENSCH: Let rie see if I understand your 

statement. Y-01u a::e olbjec-ting is.ftr as these portionis of 

testimony are -elate to a :esearch effort and your objection 

i£ since it has been su.cgested that there be this re-search t 

should be w-ith a condition; and a.ncttn at phrase c: with 

condition, "c" nh' cEs.ect? 

IER Y (,AL :,s I th]hink Coz B-. s has -o 

re~ally b -.gahe bullet I think. .hey m.n h n--, 

case they ar-e c -"ing for a cor ..... l .n .... the .orsef.  

rsearch; oxr they, Clon t want a cAtif.They e-.lr"e fri'm 

doing any resear h and this testiony is i.rrelevant and, for a..  

I know, is a smoke screen. I Jon 2 t want to get into saying 

the company dofacn "t- i.ntend to do th.e ;cesearc; bu. if t....y 

intend to do it, I don't see why they don t ask r 'a condition 

in the license that ,.requir.es t' tod t 

As long asi they are not askin.ag for such a condition, 

£ think all this discus sio of re starcki is, irre.evant tlo the 

license they a.e applying fcr.  

CHAIM?- XN7,. -J2 INSCH: Your objection is really to the 

for-m of comi *m.t ,,_vs,nt .ra.ther than -the scope of 'esearch, is that 

correct? 

UPR. MACBETKH: Yes,, Obviously I woutld cross -- xain2e 

about parl:ts of the research prog .m o My objectwion goes to the 

fact that Con Ed±;1 . on has not Fs1ked for:" any condition rei icng
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research he done.  

CHS-,TA jE31\NSCH: Doesn't that come~ dovn tO 

qustion of the weig- ht of the ev.tdence that if it 

asStraC~ng as Youthi.k it a hould be, that wouldi WaKait, In 

you-' opinion, the iuost bn 02-a condtion if it& isct as 

stc as you thi... itshould 
b Comm 

t Pt on Edison appare:ny' will Wtc't ~ AV 

of they~e~

I 

I

11 
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MR. MACBETH: What really baffles me at this point 
2 is that the party which says that no condiion for research 

is needed is offering testimony which would seem to indicate 

A that ! researc.a is needed. I find it very difficult to make 

5 any coherence cut of excatly what position Con Edison is 

6 taking that is r;1Ievant t.o the .. icrnse conditions they have 

7 i asked for.  

CA.R.M JENSCH: One of your objections was, as 

9 I recall it, pages 26 to 33 of the McFaddesn i 

w0 MR. MACPEMTH Yes.  

CHAU ' .N JF?,NSC tt' That hasn't been oftere-? 

MR. TROSTEN: It will be in a montext.  12j 

23 HCHA-I~jmA JENS-CH: Y,-ou are anticipatlng that.  

MR. MACBETH: It is the sa... objection in ea'-h 

a.e. So fa2we have only h..d Dr. Law::; and A hndlx G o 
a1 d I will for the moment retx-ict my objection thithse two 

my 

pieces.  

(Board conference.., 

CHAIRMAN JENSCH: The objectio-Wns are overruled., 

20 IThe Board will give consideration to the importance, the 

weight, and the validity of the evidence when it has been 

22 thoroughly presented, and despite, the request of the Applicant, 

either for a condition or not.  

MR. KAPMAN!0: We had no objection.  

CHAIRMZ\N JENSCH: The Board believes it can be --
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iE the Board believes the condition should be imposed, it 

2. ~will be imposed° 

3 Any further objections? 

4 MIoR. KAPI l<: W have no objections.  

5 MR. MARTIN: NP objections.  

6 CHAIRN 'EN J I~SC; Taking each party ser,tally, 

7 1 will overrule and dispose of their objections.  

a Therefore the request of the Applicant io granted, 

9 and the tiny as ref iected in 1he vax lous form 

10 descr-bed by Applicants counsel for Wit-nesses Laler, 

6 Lawler and oodbury are recived in evidence a if read, 

12 and may be incorporated within the transcript ac if orally 

3 p:esented.  

14 (he docuu2,nts follow.,) 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25
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APPENDIX G 

Scope of Work for Ecological Studies 

at Indian Point



INDIAN POINTFIVE YEAR ECOLOGICAL STUDY

,PROJECT SCOPE 
The proposed five year ecological study will begin at full intensity 

on April 1, 1972.  

Thescope of work is proposed to accomplish the following major 

objectives: 

(1) Evaluate the biological significance of impinging fishes at 

our intakes.  

(2) Evaluate the biological significance of passing non-screenable 

organisms through the plants.  

(3) Evaluate the biological changes in the Hudson River ecosystem 
due to thermal and chemical discharge.  

Objective 1 -will be accomplished by estimating population density, 
natural mortality, age distribution of the population, food habits, 

movements and migration routes, growth rates, exploitation rate on the 

screens, etc. These estimates will be made by mark-recapture procedures, 

aging of the population, etc. from the Haverstraw Bay area to the Beacon 

Bridge by collecting fish with trawls, seines, fish traps, gill nets, etc.  

Objective 2 - will be accomplished by determining the mortality rate of all 

nonscreenable organisms passing through the plants and predicting the 

biological significance of such a mortality rate on the Hudson River fishery.  

Objective 3 - will be accomplished by a biological survey of all 

acquatic organisms, physical and chemical measurements at the Indian 

Point area compared with control regions and determining-species diversity 

and biomass per area in each region.  

These studies were recommended to Con Edison by the Lower Hudson 

River Policy Committee which is composed of members from agencies with 

regulatory responsibilities for the natural resources of the Hudson River.  

The studies will yield pertinent data necessary to evaluate the con

tinuing environmental impact of Units. No. 1, 2, and 3.  

S.  
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Radiological Investig ation of the Aquatic habitat 

of Hudson River 

Project Scope: To determine radiological effects of Indian Point 

~operation on the ecosystem. This is a continuing study, which 

originally, commenced July 1969, which traces .the fate of radio

nuclides released from the plant 
through the aquatic environment.  

This study, which commenced in 
July 1971 and continues through 

April 1973, consists of the following 
major study areas: 

I. Routine sampling and analysis of 
water and sediment, 

rooted vascular plants and fish 
for radionuclides.  

2. Provide an inventory of major 
long lived gamma emitting 

radionuclides.  

3. Study the effect of salinity 
variation on the removal of 

radionuclides for the sediment.  

4. Study of radionuclide content 
of phytoplankton and zoo

plankton.  

More specifically, the radionuclide 
studies (1 above) conducted 

over 

the past two years have provided 
important-information concerning 

the 

fate of radionuclides released 
to the Hudson River from the 

operation 

of the Indian Point facility. 
This current program will provide 

a 

continuing record of radionuclide 
levels which can be compared 

with past 

sampling results and will serve 
to provide baseline data for 

evaluating 

releases from Units 2 and 3 
as they go into operation. 

The remaining 

three portions of the study 
are considered exploratory 

as opposed to 

monitoring. These three studies are expected 
to provide answers to the 

mgt 

following questions:



1. What is the total inventory of radlionuclides in the 

sediments of the lower Ihu on River estuary? What 

fraction of India'i Point liquid radionuclide dis

charges deposit in the sediments,.and in which loca

tion does most of this deposition occur? 

2. What is the variation in radionuclide inventory of 

the bottom sediments along a longitudinal section 

of the river? Can quantitative differences in 

sediment radioactivity at points along this long

itudinal section be correlated with difference in 

salinity? 

3. To what extent do the phytoplankton and zooplankton of 

the estuary accumulate radionuclides of natural and 

artificial origin? How do such accumulated levels 

in the plankton relate to radionuclide concentrations 

in higher links in the food chain, and especially in 

fish which may be consumed by man? 

This program has provided considerable information on the- fate of radio

nuclides released to the Hudson River from the operation of the Indian 

Point facility. In particular, the studies have given perspectives 

to'the relatively small quantities of these operational releases com

pared to radionuclides from weapons testing fallout and natural sources.  

A continuation of this program is necessary for two reasons. Foremost, 

the monitoring phase of this program is necessary to determine compliance 

with the Atomic Energy Commission radionuclide release limits as put 

forth in 10 CFR Part 20. Second, far more information is necessary of 

the pathway of radionuclides to man and the ultimate potential exposure 

to man from releases at Indian Point.



The informatiOn fl,'om th1 program Is. considered to be essential in 

preparing for AEC hejarings upcoming of Unit 
3 and conversion of the 

provisional Unit I liccuse to a permanent license.  

The importance of the information to date has already 
been shown in 

Unit 2 hearings where, based 
on information from these 

studies, the 

intervenors did not raise the 
question.of radiological releases. It 

is essential, therefore, that 
this program be continued.  

rathometer Studies at Indian Point 

Project Scope: The proposed study is a continuation 
of a survey of the 

density and distribution 
of fish in the vicinity 

of Indian Point. The 

specific objectives of the 
study are: 

i. Describe and' quantify the 
distribution of fish in 

relation to the te'rmal discharge 
and intake screens* 

2. To compare the density of 
fish in the vicinity of 

the ,plant with the quantity 
of fish removed from 

the intake.  

3. To attempt to monitor the 
density of fish in the 

vicinity of the intakes during 
specific fish tests.  

The echosounder will also 
be used by Texas Instruments 

in their five 

year ecological study so 
that fish density can be monitored 

during the 

sampling of fish with trawls.  

Objectives 1 and 2 will be 
accomplished by surveying a 

set pattern of 

transects which include 
the entire plant site. 

The fish recorded on 

the echosounder tape are 
counted by areas and then 

a fish density figure 

is computed based on the 
area covered by the echosounder. 

A density of 

fish by volume will be computed and compared with the number of fish per volume

.~ ~,,), 'A~v.. __________________________________________________

S.
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r',qM'ved to the intake screens.  

objective 3 wi.ll be IVe ohIp, i:-hI by i i6inting the transducer of the echo 

sounder to beam across an intake structure and to record fish approach
*1 

ing the intake.  
Part 1 - Analysis of Fish Mortality Data at Indian Point 

Project Scope: Data has been collected on fish impingement 
at Indian Point 

since April 1970 under the direction of 
the Office of Environmental Affairs.  

The number of fish caught on the screens 
has fluctuated over a wide range.  

The variables that could have affected 
the number of fish caught are various 

parameters of plant operation, such as 
flow, tempearature rise through the 

condensers, number of pumps and condensers 
in use,-etc., and various 

environmental factors such as the influence of night versus day, the 

influence of tidal conditions, fresh water 
flow and associated salt water 

intrusion, temperature, etc. It is likely that some or several of these 

factors may have highly significant bearing 
on the fish impingement at 

Indian Point. The fish impingement data will be analyzed in accordance with 

standard statistical procedures using 
the facilities of a computer.  

Part 2 - Fish Sampling at Indian Point Intakes 

Prolect. Scope:

1. Gather data on the seasonal occurrence, 
species composition, 

and size composition of the fish collected at the intakes., 

2. Conduct tests of various fish protection 
devices and modes of 

operation.  

3. Monitor fish at the intakes in order to document the rate of 

withdrawal.  

* *4. Recover marked fish from the intake 
screens to establish a rate of 

exploitation by the intakes on selected fish populations.



Monitoring of fishes impinged at our intakes at India''Point has been 

requested by the New York Dpartment of Environmental Conservation.  

Also, to estimate the exploitation rate of fishes on our screens, the 

number of marked fishes (part of study A) 
collected on the screens has to 

be determined. The fish monitoring on the screens is also 
a pertinent 

part of the overall testing procedure,..which is needed to determine 
the 

best intake design and mode of plant operation 
to reduce the impact of plant 

operations on fish populations.  

Part 3 - Indian Point Flume Study 

The proposed flume study at Indian Point 
is designed to investigate the 

behavior of white perch and other species 
in relation to water flows 

and fish protection devices.  

Scope of Work: 

i. Evaluate the behavior of white perch in 
relation to fixed and 

* traveling screens.  

2. Study the behavior of white perch at various 
velocities in 

order to predict behavior of fish at proposed 
common intake.  

3c Evaluate the fish protection value of various 
devices proposed 

for Indian Point: 

a) horizontal traveling screen 

b) air bubbler 

c) sound 

Objective (I) will be accomplished by exposing test groups of 
white 

perch (and other species) to various screen 
arrangements and observing 

(and recording on video tape) their avoidance 
responses. Factors which 

may influence the behavior of fish such 
as water temperature, diurnal 

activity cycle, salinity and size of fish 
will be tested. The high 

percentage of white perch collected at the screens indicates that they 

, , , - , -n - .vr T- .A • ' , ,", 7Z 7 "



may di,,play so U1eC uniq'e behalvioral problemS.  

Objective (2) will be accomplish(ed by exposing test fish to a series 
of 

approach velocities (velocity immediately in front of screens) to determine 

if the fish will avoid the screens at the proposed 
common intake structure.  

Objective (3) will be accomplished 
by exposing test fish to various 

fish 

protection devices and recording 
their avoidance responses.  

The study of the fish problem 
at Indian Point has revealed 

thus far that 

a reduction in approach velocity is an effective 
way of reducing the number 

of fish impinged on the intake 
screens. However, velocity reduction 

has 

not eliminated the problem 
and is only available as a 

method of fish pro

tection during the winter months.  

Laboratory tests of the swimming 
ability of white perch have 

indicated that 

the fish, in sizes caught in 
the intake screens, can swim 

at a speed in 

excess of the approach velocity 
now existing at Unit 1. This indicates 

that there is a behavioral problem 
since the fish does not exercise 

its 

ability to escape.  

Attempts have been made to 
observe the behavior of fish 

in front of the 

screens with a diver and using 
underwater.television. In both cases the 

turbidity of the water prevented 
visual observation of the fish. 

A test 

device (the flume) is designed 
to permit observation and recording 

of fish 

behavior..  

1'0 
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Appendix C 

General Comments on Dissoved Ox yqen 

QLM's measurements of dissolved oxygen in the vicinity of 

the Lovett Power Plant during summer in 1969 and 1970 and in the 

vicinity of Bowline Point during summer 1970 indicate that the 

majority of observed dissolved oxygen concentrations are above 

5.0 mg/1 (see attached table).  

QLM analyzed the data and procedures of dissolved oxygen 

(D. 0.) measurement by the Automatic Environmental System at 

Indian Point. This analysis indicated that the D. 0. measure

ment systems from the intake and discharge were not calibrated 

at the same time, and the calibration was made approximately once 

a month. This is probably the reason for large differences be

tween the intake and discharge readings of D. 0. concentrations.  

QLM made careful simultaneous measurements of the intake 

and discharge dissolved oxygen concentrations at Indian Point 

Unit #1 in December 1971. The tests and analytical determina

tions of D. 0. were made in accordance with the most recent edi

tion of Standard Methods for the Examination of Water and Waste 

Water. Water temperatures were measured using precision thermo

meters certified by the National Bureau of Standards.
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During the survey, Unit No. 1 was operating at 

rated capacity and the cooling water. flow was 204,000 

gpm, i.e., throttled to about 85% design flow and 

average cooling water temperature rise was 16.4 0F.  

The observed average intake concentration of D.O. was 

10.48 mg/i and corresponding discharge concentration 

was 10.3 mg/l. This indicated average loss of D.O. of 

0.18 mg/i in the Unit #1 cooling system. These mea

surements and QLM's mathematical model for D.O. were 

used for prediction of the dissolved oxygen loss in the 

Indian Point Unit No. 1 & 2 cooling system. The results 

of calculations indicate that the loss of oxygen in 

the system increases with increasing intake concentra

tion of D.O. while the intake temperature is hold con

stant. For example, during severe summer conditions, 

,wh-en ambient temperature is 790 F, the loss of oxygen 

in the water cooling system would be as follows: 

Loss of D.O.  
Intake D.O. in the system 

mgmf/l 

5.0 0.05 
6.0 0.13 
7.0 0.21 

The response of the river to such a "sink" of 

dissolved oxygen was simulated by a mathematical model
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w which included all major mechanisms affecting the river 

dissolved oxygen concentrations. Results of this model 

work were reported in a document entitled, "Effect of 

Indian Point Plant on Hudson River Dissolved Oxygen." 

A copy of this report is attached. It was determined, 

for example, that during summer conditions, with the river 

temperature of 790 F and D.O. concentration of 6.5 mg/l, 

the loss of dissolved oxygen in the Indian Point Unit 

#1 & 2 system would be 0.17 mg/l. This loss of oxygen 

would decrease the river D.O. at Indian Point by about 

0.02 mg/l. If the Hudson River concentration is 

less than 6.5 mg/l, the loss in the system will be less 

than 0.17 mg/il and decrease of the river D.O. would be 

lower than 0.02 mg/l. Such an effect of the plant on 

D.O. is practically undetectable, using accepted proce

dures for D.O. measurements in flowing streams and 

can be neglected.  

Besides the loss of D.O. in the plant water cool

ing system, the heat rejected to the river can affect 

the river concentrations c.f D.O. The analysih presented 

in QLM report entitled "Effect of Indian Point Cooling 

Water Discharge on Hudson River Temperature Distribution, 

January 1968" indicate that the river D.O. concentration 

for the heated condition can be expected to be approxi

mately 0.3 mg/l lower than that for the unheated condi-

S
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More detailed discussion of the dissolved oxygen.  

effects of plant operation are included in testimony on 

this subject presented by Dr. Lawler to the ASLB on 

January 11, 1972, (Tr. 4428-4430).



HUDSON RIVER DISSOLVED OXYGEN CONCENTRATIONS 

OBSERVED BY QUIRK, LAWLER AN TD IATUSKY ENGINEERS 

A) OBSERVATIONS AT LOVETT DURING AUGUST AND SEPTEMBER 1969

INTERVAL OF 

DISSOLVED 

OXYGEN 
CONCENTRATION

NUMBER 
OF 

OBSERVAT IONS

PERCENT OF 
TOTAL 

OBSERVATIONS

mg/l % 
4.0 0 0 

4.0-5.0 0 0 

5.0-6.0 11 25.50 

6.0-7.0 20 46.50 

7.0 12 28.00 

TOTAL 43 100.00

Ambient Temperature 
range: 77.5°F-68.3°F 

Observed maximum 9.1 mg/l 

Observed minimum 5-1 mg/l

B) OBSERVATIONS AT LOVETT DURING AUGUST THROUGH SEPTEMBER 1970

INTERVAL OF 

DISSOLVED NUMBER PERCENT OF 

OXYGEN OF TOTAL 

CONCENTRATION OBSERVATIONS OBSERVATIONS 

mg/i 
4.0 3 3.65 

4.0-5.0 10 12.15 

5.0-6.0 39 47.55 

6.0-7.0 19 23.20 

7.0 11 13.45 

TOTAL 82 100.00

Ambient Temperature 
range: 79.0°F-71.0°F 

Observed maximum 7.7 mg/i 

Observed minimum 3.3 mg/l

C) OBSERVATIONS AT BOWLINE DURING JULY THROUGH SEPTEMBER 1970

INTERVAL OF 

DISSOLVED NUMBER 

OXYGEN OF 

CONCENTRATION OBSERVATIONS 

mg/l

PERCENT OF 
TOTAL 

OBSERVATIONS

4.0 0 0 

4.0-5.0 18 17.50 

5.0-6.0 71 68.90 

6.0-7.0 14 13.60 
7.0 0 0 

TOTAL 103 100.00

Ambient Temperature 
range: 80.0°F-69.50 F 

Observed maximum 6.6 mg/l 

Observed minimum 4.3 mg/l

A - A
5
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1.. The indian Point nuclkar generating ti i located on the eas t 

bank of the Iludson Five- some 43 miles ahove the Patte):y. Cooling water 

withdramn from the river removes excess licct from spent steam. The heated 

water it d.i-schariscd back to thu river at a pcint over 1000 feet do vnstream 

from the intake structure.  
Iater passing through the power plant cooling system; is ::osed to an increase 

j th r L, 
.,jh 

t e4 

in temperature and to less than al-.ospheric pressure, 1-oth of %hich rr.a;, 

affect the quantity of dissolved oxygen (D.O.) in the cooling water iand 

subsequently, the D.O. concentrations in the river.  

Gassing of oxygen fro-., ater will begin to occur at a point in the cooling 

system at which the oxygen concentr, ton. in the water is e than the 

saturaticn concentrat:ion of cxyten correspo.ndi.g to the temprzture and 

pressure at that poi.t. Cassed oxygen from the water creLtes bwL,..(.. .hich 

carried :.' .. cr tithe hater to the discrcc t release 

to the ati.rosphere. Some recomp r e ssion of these bubbles may occur downst..-.am 

of the condenscer as the pressure increases back to its original condition.  

The effect of this process is c . id-rez- to be small because of the short.  

travel* time in this section of tfle cooling sys:;ten and because the 

* reaeration is a slowcr urozess tian1f the gassin3.  

" The purpose of this rc.7/rt is to des-crib.e the effect on the dissolved onyg en 

content of the I'ud:;on River water resul.tin9 from loss of D.O. during 

passage of the water through the plant.  

The solution to this problem was dceveloped in two phases. During ti.e first 

phase (Item 1), the less of oxygen ii, the plant cooling system ". calcp atcd.  

SThe second phase utilizes the result of the conclusions reached in Phs-s. I to 

calculate the corresp-cndirg changes in the H.udson River dissolved oxygen 

distribution (Item III).  

2. The r.athematical m-odel of dissolved oxygen loss in the cooling system 

.:hich .:as developed for the study recognized a linear relationship between 

t the D.O. change over a certain period of tj.-.e and the difference between 

saturation conccntraton an- a givcn. concentration of D.O. Dissolved oxygen 

* solubility (saturation) is pria,erily a function of w.ater tcmperature and 

pressure. ater teopcratures and pressures in the cooling system were calcu.ated 

using available cooling system characteristics and were cxpressed as functions 

of location in the .system and were related to cooling .ater travel time 

* between the intake and discharge.  

For purposes of calculation, the cooli'g systc - ,.s of both generating units 

Were dividecd into sc,cral reaches. All calc.ulations %:were initiated at the 

iupstream reach with the entering dissolvcd ox:y"gn concentration equal to 

thei.-c,,.. 'ahe concentration at the cud pci zi 

* of..the fir,. reach ",-s use, .a-m nitial c .. t o for the Lubeuent ..  

Xeach. The~c a l c UlZtic, were repate Until thlc final D.O. concentrition 

. .
•. .• •0 
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in the (-f f lucnt f rom the c o n dcnre rs %."ore l Vci i nd Los's of oxygell 
in the total system %-is COI)uted as a djffc, cc Lc~tw.ee the ite 
-tile schrg va] .1O' 

* The rate cc'efficiernt of oxygen gassirt'; wzis cctermlnc3 using the model 
and Q1E&-M i:1asurcr.cnts of d2issolved Q-0, t1e~ tte a: 'nJdiarq 
structuxres of Indian roint unit. izo. 1. The tes ts and analytical dotermina
tions *of disf-olvee ozyac-n were made in accordanmce %w.iU thoe most recent 
e-dition (13) of Staind1ard ~ch'sfor the 1:a. tinof Water and Wlaste .1ater.  
VWater tc;::-.praturcs %,cre YrcSUrcci ui 3c 1.,c.cfioin Tn.oters C;: rt4.iicJ by 
the National Burean of Standazrds.  

During the L.O. mcasuremcnt survey, Uni't I!o). 1 was opcratirng at rated capEacity 
and the cooling watr flow vas 204,C000-: g;;m, i.e. , throttled to about CT'.  
of desi;gn flow, and average cooling %w.atcr 1-cinerat~ore rise was 1G.4 0 F.' 'f'he 
obs-erve average intake concenltration of dis!sol)ved c.x.ygcn of 1O.4P Ian,-/i.  
and the averac loSs of 0.18 img(/1 in the coo.Iingj Syst:cmn' rdi cates, a rate 
coeffi5c5ient of oxycen gassing of 9.0 x: 10 3 /sec. \hichl correszponds to.  
780/eay'.  

3. Mo~de)lin- of thec Hudson Ilfver reFspor.3e to the inpiant (USS01'v"d xce 
loss inld- ~c~ssof (a) muniil ad r(d3 5tra liCuid6 ;.-ZStC 
discharge, (b) trans;xrt Lby, advection and dis-pcrs -ion, (r) first.-order 
bio-o:-_Cxatio:-, (d) reacration, (e) benthic oxyqcien 11pta'Ke and M.) a zero
order conStant to account for other mehnsssuch as addition of B .0.D.  

dueto ri~mism ioraliyaddition of D.O. Ly aloal photosynthesis, etc.  

For TNip;1EPCs o'f th.-. od'. the 1td-nPiver ~x'div'ided ijs.to 25 eegnmient!, 
bectwcen thec Troy Pz~m and the Datr.1aeil) 3Arnccs of 1.0.D. andl DO..  
weore devolopva for cach ccymmc~nt 6a5 ' set,- 61' 56 si5::2ltaneo-,is OquatLons-- vere 
gencrated by3 inserti;.ng the scoa::.cnt B.0.D. and-: D.C. so~lutions into the 
appropriate bo-undz-r)y cenclitions. The cimultaneous equati.ons wexre solved on.  
a eigcitn. cor.-puter using mtiniversion.  

The- effect of the Indian Ploint plant ums irntroalcrce into the model as a direct 
~qi~raalof ox.ygen from the segmaents adjacent to the plant. For each 

conaition studied, runs wit and without the plant in operation. w..ere rnoacl).ed 
to dotrmine the di fferenccs of rivcr disso).vcO o:-:ygen content and 
concentrations.  

*4. rurth-Ur brozidly cat;ac-orized sumrJ::er andl wintecr condition-, were used to 
reflect the seasonial differences in river fresh,-ztcer flol.%, dispersion and 
temperature with the corresc.-'Ci2inq river diss:olvccd o:-:ygen concentrations an d 
saturations and the difference in the plant ontnzirtional characteristics such 
as rate and in-plant te~eaueri-!e of cooling water floW.  

The pre-diction runs were rmade for the 1071 end future (1990) levels of.  
rivor dissol'ved-' o:-:ycaer, con::entrat ions. Tha,- future condAitions ~.cecharacter

* ized by anl increasc. i n river 'dissolvcdl oxygen rcoqnizing a planned higher 
level of wastewateitr di scharee trcatx'.ents inl the future.  

Aral.yticzil resuLs of theC-ffccts of inpan ofs of .O. -onl r iveCr water 
.udrall ccnditc.-L L!:- inl this r:QporYt are) :z7Cic in Table S-i 

5.Thil remults of ith(- n:.'.. ,r. tLt h~ 3 If C, ONcd c:yr
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.N':D::,. c D-so: D OXYGEN LOSS ON FUDSON RZV:R 

rl:LLVID O\Yc3: DIS'R:nUTION AT INDT.M POINT

PrLccr.t Czn.diton

Stcm S *.:- M.  
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of about 0.2 m.g/l durinrj sum.!:.er and '0.4 T-/" eu~rin i .int(,r in Indian 
Point Units 1 ai:d 2 water cooling systc.;.s ., 0 decrease Eudson Rivr 
dissolvcd oxyCen conccntr;jtions .t f ,c -iaw Yc<*.t by ab-out 0. 3', (0. 2 rg/1) 
an-! 0. 2-,5 (0.03 g/l) durin-g s .!er vter r.',hs, resr-cc.tiv.%).y, Tho 
correspondirmci decrea!e in total 1;uhcn River dissolved o>:ygen content "ill 
range from 0.06% to 0.07%. of the a-bie:tA CC.,Ytf,:,t .-ithouL the plant in 
operation.  

Thec cffects are insignificant in comprison with other deoxygenation 
processes arid are beo., the rini.:urm detect;.'3e concentrations of d :so1ve 
oxygen, using acceptcd procedures for D'.0. reasurusent in fl.owing streans.  

The New York State standard for dissolvcd exy(jcri in tidal waters is 
5 ri-g/l. The :resent D.O. levels in the Hu-sor niver at Inien Point cre 
normally -ell above this value. Even if such an occassion were to ocr' 
in which the river D.O. concentration falls to 5 r.g/l, no cbserwvble,:ifcct 
of the inplant D.O. loss on dissolved oxycen in the Hudson River would 
occur;

l . "
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lemo To: Dr. Anthony J. Sartor, .Office of Envi'ron:c.ental Affairs 

Consolidated Edison Company of I:eW.Yc, r Xc.  

FreT.i: Dr. ),arel A. Kcnr d, Project Engin.er 

Date: Fcrbuary 4, 1972 

subject: Effect of Indian Point Plant on Hudson River Dissolved Oxygen 

The nuclear poe.wer plant at Indian Point is located on the cast bank of the 
Hudson River so::e 43 miles above the Battery. Cooling water withdrawn frcz 
the Hudson River is used to rcmove e.:cessive hcat-from'spent steam. lica:.cd 

water is dicchar-.d back into the river rore than 1,000 feet d ,wnstream.
of the intake structure. Figures 1 and 2' ;how the lo..ton of the 
InCi'an Point site and details of the intake and discharge structures.  

The cooling watcr flo. of Indian Poi't Units V:os. 1 and 2 is l, .2.0 ,0G0 jpm.  

The heat tra.sfe'lrc - into the cozlinq water in the condensc-r!; incre eC-s t.he 
water tczrperat.. :e by about t5he. "t":"" wr 
cooling systcm expericr.es changcs in pressure. In some regions of the coo.'.Ang 
water systc-m, this pressure dro.s helo- that of the at-::osphzcr,. This is due to 
the design of the system taking an advantage of the v-e).I know.n siphon effect.  
The advantage of such a deig,..is that less poi:J: s needed to circulate water 
through the System.  

The plant tc-mperature rise and pre fe.7 chari dz affect the concentration of 
dissolved oxygen.  

The purpose of this memorandftm report is to estimate the change of dissolved 
oxygen concentration in water passing through the Indian Point Units Nos. 1 
and 2 cooling .ater systim and subsequently, the effect. of the plant cperction 
on the 1udson River dissolved oxygen concentrations.  

I. Chanae of Di n -slve - Oxvocn Concentration jn Vat:r passing throucli the Indian 
Point Unit- **]. and Coolina. Vatcr Svtc.  

A. The-oreti cal Cenhi" t ions 

Considering a non-variable quality of water in the cooling system, the 
. soj.blity (saturation) of oxygen in %.zater is deterrined by the pressure 

in the pipe and by the tem.,perature of water.  

If, at a given point, the solubility of oxygen is less than the actual 

concentration of dissolved oxygen in the \.:ater panticles passing the point, 
oxyoen will tend to be releascd frcm water (qassing). The rate of change 

is propcrt.ional to the difference bfatw.:ecn the satur;-:tlon and actual 
concentration of ox 'gen. This can be exprc'.:sed by a differential equation' 

V as follow.s: 

... * Rport figures a nd tables fo.low t. e text.... .  

* . . V..



... cmo to: Dr. 7-nthony 3. S:rtor, Office Of Envir io-.ental Afffairs 
Conoldiated Edison Co-panY4'*Pf ew,'Yo'r,- Inc.  

Date: February 4, 1972 

* ~cC 
X(5 C . .(1 

-- = . , (cs  -C). " 
dt.  

where: 

C= the saturation of oxygen .in water at a give:n '.cmperature and 
pressure 

C the actual concentration of dissolved oxygen (D.O,) 
-t =time .  

Y.= coefficient 

For purposes of this stu'y,-the cooling system of both units 1 and 2 can 
be divided into five ccnsecutive regions. (See Figure 3) 

Region 1 -'Suction n-ir of ccolinc \':ater pumps 

The ter.,.perature of .ater passing through the suction pipe is equal t.o 

the riv'r tc.prature and is constant along the pipe.  

The 1)rc:f~t:):.c creas s from the inta-e to ser.e min.mumn just bufore the 
cooling vater pu:ps. This -decrease of pi-essure (below the atrus:.,er-Ac 

,can ca.r;c c:assin, of oxygen. Yowever, the travel ti:: through 
the suction pipe is very smrall and the amount of oxygen relcased from the 
water %,'ill be s.all. Furthermore, in the second part of. the cooling systcm 
the oxygsen loss w:ill be recovered due to relatively high pressure. There
fore, Region 1 of the cooling systcm will be omitted in the cu.culations.  

egion 2 - Pipe do.,nst r cm of the coolinq .,ter pumps up to the invt to 
- the condenser- _________ -

This part of the cooling system is characterized by constant wat.er tempe'a
ture equal to the rivcr temperature and pressure decreasing from a maxir..  
just after the pups to a ninimtu. at the entrace to the conderser.. This 
minimum pressure is generally less than atmosph:eric pressure.  

rromn a location %-:here the pressure is dropping below the atmospheric 
pressure (or nore accuratey, from a location .-here Cs-C) the oxvyen will 
again be re2cased frc a %:nter creating bubbles over the entire cross
section-l area. TheSe bubbles will be transported-by the flow through the 

condenser to the dischuir g e channel w.hici has an open surface, where they 
will be released to the a,.osphere.  

~ea:.5on 3 The Cocde:ver 

0 The conclcncr rcv.-.;cn is characterized by an increaSe of t r;'..eratkrc C:e cm a 
mCni: at t.e .nlet (T11). to a rat 4he out. e . :.f th, condn:er 
"- T . "~h ," ,-:- c C fr - the in'lc t to tfi6 outlet box dup.  v " T.. . Tj+ r ). The 1-:c., .. . .  

. to the f'ic . :" l .: 's in., the condmner.. ThC .. 3, of di.-so)vcd .,c 'cn 
Co; E; . s. C 0... ...  

..., . ... . .* *. ()uin. . ,vler ~ .'\J1 .~ v ..:o0



" .'cmo to: Dr. Anthon:y J. Sartor, Office of Env-r.'.'onnental Engineering 

Consolidatcd 'Edison Cc;..any -of 1,c-! York, Inc.  

* Pate: February 4, 3.972, 

For practical calculaticon, this part i:" sir:.lificd 'n: such a rtanner as 

to comoute conservative results, i.e., the increase in cooling w;ater 

tcirperature due to the condenser is assu.n:cd to occur instantaneously 

at the inlet, arn- the te -;erature is cons.tant through the condenser.  

Vlo.ever, as will be shol'n later the tce.,rature rise effect is not.  

significant co'sparcd to the pres!;ure drop influence.  

Recion 4 Pie between the condenser and the disc!.arqe channel 

The ater tcnerature is constant a:.d is equal to temperature in the 

condenser (Tp TR + AT ." 

The pressure increases f:rcm a minrium at the con&renser outet'h.x to 

a ma:i,.u, (atjrosrheric) at the outlct of the pipe.  

Sone recover- of oxyqen loss should be excected due to an iricr-,ae of the 

pressure. Tho travel tim~e t!:rough this pipe, ho-ever, is small Ld, 

therefore, this effect is neglected in the calculations.  

Region 5 D.charce canal :ith a free %:ater surface 

The tcperattie as iel as the pressre, assumed constant along the 
' . i,:uiiiie- c.,)d LIe u,. Ij~ Juuwfl)±US LuLY:n i e..L , -- beM ,i tran.jqcokA- ac'ooo 

the free %-water surface.  

The solubility of o:.:ygen in .-ater can be approximated using henry's Law: 

PA X 

1'21 

where: 

XA = ole fraction of oxygen in the water 

PA = partial pressu.e of oxygen in air, atm.  
H Hen.ry's factor, which is a function of the tempelrature and pressurc 

Henry's factor is considered constant for a given temperature of wlater and 

for pressures equal to or less than 1.0 
atm.  

The relationship betwen the role fraction of oxygen dissolved in water 

and the solibility of oxygen is as follows: 

Cs 

32 9 C 306 

.32 3.8" 

Tat . I v .



;Ier.o to: 

Date:

where: 

C31; 

32, i8

Dr. Anthony J. Sartor, office of Envjirc r::.ctal A ffairs, 

F ruidatc Edi: n Cc:,19ra2. .y of 1 

February 4, 1972

the solubility (saturation) of oxygen in water, ppm 

(o r a w-g/I) 

molecular Weights of oxygen (02) and ::ater, "epectively•

Solution of Equation 3 for C, yeilds: 

C XA 32 6 s Q- 10

*.. (/.)

Because the r.ole fraction of oxygen under con-.c - iii t ioln ill a.ways 

be snall (in the order of 10- 6 ), equation 4 c:-n be sir.plified:

Cs A X18

... (5)

Substitution of Equation 2 into Equation 5 yields:

= PA 32 106 
TI I8 f

... (6)

In regions of intercst to this study, i.e-.,regions 1, 2... the 

partial pressure of oxygen is a~w.ys less than 1.0 atr. and, 

.hefre, -icn:y' s constant wil). 6nly b a funtion of the watcr 
.. thocr cJro..e , ... . ........ .. tciperature.

Furtheryore, the -iter temperature is con!- dcCrco to be constant for each 

region. This eans that for a aiven rcgion of the cooling water sy,;tem, 

11er, y's corstant is fixel.  

The. prtial. prcssurc! of ogen in air ci-n be exorcs:f.s as follows:

r::. :

0

.1 I

-4-
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• ,-.-S u , ma r 

This testimony presents the results of studies performed by 

Lew York University from April 1971 to September 1972 at Indian 

Point for the purpose of determining the effects of Indian Point 

. Unit 1 and 2 plant operations on bacteria, phyteplankton, zoo

plankton, and fish eggs and larvae and my conclusions based upon 

these results and related studies. This testimony supplements my 

testimony of April 5, 1,972 on "ffects oE Elevated Temperatures and 

Entrainment on Hudson River Biota." 

In summary, it is my opinion that: 

1. The plants will have a negligible impact on the river 
populations of bacteria.  

2. Phytoplankton metabolisms will be stimulated during most 
of the year and will be inhibited under certain circumstances 

* during the summer months (both as measured by carbon 14 uptake).  
No significant changes in abundance or composition of phytoplankton 
populations in the Hudson River will occur as a result of planned 
operations of the two units.  

3. No significant effect on zooplankton abundance in the 
Hudson River (particularly Gammarus and Neomysis) will result 
from planned operation of both units.  

4. In view of the foregoing, there should not be a signifi
cant adverse impact on the aquatic food web as the result of the 
effects of the plants on bacteria, phytoplanikton and zooplan],-kton.  

5. Laboratory temperature tolerance studies show that striped 
bass eggs and larvae will be able to tolerate the te-mperatures 
experienced passing through Indian Point Units 1 and 2. The excep
tions are the newly hatched larvae and the latter portion of the 

occurrence of post yolk-sac larvae occurring at Indian Point each 
season that may experience temperature elevations while passing 
through the plant 1 to 4°F higher than their maximum safe tem

* peratures. A first approximation of the effects of passage of 
white perch and striped. bass larvae through Indian Point Unit 1 
is that ap-proxi-mately 54% survive in apparently healthy condition.
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Introduction 

Evaluation of thermal impact and its regulation must 

be done on a site by site basis because of the unique 

characteristics of each site. This is the informed pro.

fessional opinion contained in committee reports of the 

National Technical Advisory Committee to the Secretary of 

the Interior (1968), the National Academy of Engineering 

(1971), and the National Academy of Science (1972).  

It follows that data from studies conducted at the 

site of a power plant, expecially an operating power plant 

of similar design, are most relevant for evaluating the 

potential impact on aquatic life by a new plant such as 

Unit 2 at Indian Point.  

During the past two years approximately twelve full

time and up to seven part-time researchers have been con

ducting studies specifically to determine the actual effects 

of Indian Point Unit 1 operation and the probable effects of 

Unit 2 operation on Hudson River bacteria, phytoplankton, 

invertebrate zooplankton and fish eggs and larvae. This is 

one of the most intense and comprehensive study-efforts ever 

conducted at asingle power plant site. A voluminous amount 

of data have been gathered. I am presenting in support of my 

conclusions in this testimony graphs and tables which contain 

a very condensed summary of these data, in order that the most 

pertinent finding be distinguishable from what would otherwise 

be a confusing profusion of data.



-Bacteria 4 

Optimum temperature for growth of aquatic bacteria is 95 F, based 

on literature. The maximum temperature through the Unit 2 condensers 

during the ambient summer tem6erature condition 
is 93-94F. Since the.  

.ahmbient river temperature is 'lower than optimum for growth, the elevated 

temperature through the cooling system of the Indian Point plant would 

tend to stimulate metabolism and growth, but any net growth would be 

moderate due to the relatively short time that water borne bacteria 

would be exposed to elevated temperature.  

Laboratory temperature tolerance data reported in my testimony of 

April 5, 1972 indicated that Hudson River bacteria numbers counted by 

the membrane filter method would not be reduced by the maximum tempera

ture rises produced by Unit 2 in winter (29.5) or in summer (15.1 0F) 

This was verified by Adenosine tri-phosphate (ATP) measurements of 

samples taken at the Unit 1 intake, condenser water boxes and discharge 

canal locations designated on Figure 1 from September through Decerrer, 

1971. ATP concentration is a measure of total viable biomass. The 

samples were f.iltered prior to extraction in order to remove organisms 

larger than 76JA. The ATP concentrat_.ions were essentially the same 

at all locations (Figure 2) except during perious of chlorination.  

Reduction during perliods of chlorination is evident in. Figure 3. The 

chlorination schedules planned for Unit 1 and 2 co:bined would involve 

six hours per week or approximately 4 percent of the time. Con Edison 

is testing a schedule of reduced application of chlorine which would 

reduce chlornation to less than 2 percent of the time. The maximum ..  

'ooinc t.er CY1,Lr.QeienC cC Urnitas . 9 f?, 5 c !s) is about

1.0 to 1.5" o~r - "ine tl vra~



Schematic of Indian Point Cooling Water System 
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FIGURE 3 

ATP in Cooling Water System of Indian Point Unit 1 
on the Hudson River Estuary 

7 September 1971 
Ambient Temp.77*F.; AT=1I°F.  
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river flow past the plant. Considering these very small 

percentages, the short generation time of bacteria, and the 

tendency of the elevated temperature to stimulate growth 

during the other 96% of the time when chlorine is not used, 

the net impact of Indian Point Unit 1 and 2 operation on 

river populations is expected to be negligible.  

Phytoplankton 

Laboratory thermal tolerance data from 1971 based on 

l4C uptake capability, which I reported in my April 5 testimony, 

indicated that Hudson River phytoplankton could tolerate the 

maximum temperatures expected through Unit 2 in the summer.  

During 1972, flows in Unit 1 have been reduced on specified 

days to AT's equivalent to those expected for Unit 2. Compar

ison of 14C uptake capability of samples from the Unit 1 

intake with those from the condenser water boxes and dis

charge canal stations D-1 and D-2 completed so far in 1972 

usually indicated stimulation of 14C uptake in the water box 

and discharge canal samples when the circulating water tem

peratures were less than 900F. Results were more variable 

at temperatures above 90 F but frequency of inhibitions 

increased (Table 1).  

At rated capacity operating AT of 15.1 0 F, the temperature 

through the Unit 2 condensers during 1971 would have exceeded 

900F from about July 1 through September (Figure 4) when the 

ambient river temperature exceeded 75°F (240C).



TABLE 1 

1972 

Elevated Temperature 
only, % change in 

Temperature 0F 1463 uptake compared 
to Intake 

Ambient 
Date Temp. WB Dl D2 Plume1 Plume2 WB DI D2 Plume- Plume2

Elevated Temperature 
plus chlorine, %. change 
in 14C, uptake compared 

to Intake

WB Dl 2 PiumeI Plume.

Total Chlorine 
Residual (ppm)

WB Dl D2 PlumeI Plume2

1/ii* 36 

5/24* 59 

5/30* 63 

6/5* 66 

6/6* 68 

6/15* 68 

6/20* 69 

6/29* 68 

7/10* 71 

7/20 76 

8/1 78 

8/3 78 

8/8 78 

8/10 76 

8/15 76 

8/17 76 

8/29 77 

77 

9/5 78 

78 

9/12 75 

75

43 

68 68 

68 68 

77 77 

78 78 

73 73 

69 69 

68 68 

76 76 

86 86 

92 91 

88 88 

88 85 

90 90 

88 88 

91 91 

88 88 

91 91 

92 

93 92 

86 86 

81 81

+13 

+34 +38 

+59 +15 

+21 +37 

+15 +13 

+19 +65 +31 

-7* -59 -53 

+53 

+11 +1 +16 

84 82 -i -3 -11 +6 

-16 -30.-10 

+61 +52 +51 

-35 +17 -32 

+47 

+9 +23

-15 +23 -5 +26

-.]00 -66 

-104 -2 -99 

-89 -87 -92 

+2 +9 +7 

+26 +28 +5 

-70 +2 -64 

-51 -50 -37 

-54 -61 -100 

-24 -55 +11 

-79 -39 -100 

-69 -76 -58 

-74 -30 

-66 -48 -25 +45 

-64 -51 -21 

-93 -55 -42 

-98 -76 -42 

-82 -100 +16 -13 

-100 -65 -16 -2

.8 .1 .1 

.6 .± .1 

.6 .1 .1 

.6 <.l < .1 

.5 <.i < .1 

.7 .I .1 

.3 <.1 < .1 

.15< .1 < .1 

.6 .1 .1

.451 .211 .131 

.35 .12 

.3 .09 .075 

-53 .24 .08 .045 

.28 .1 .07 

.2 .06 .09

0 0

.22 .08 .A1

-15 .26 .12 .01 

-20 .23 .06 .11

0 0 

0 0

0 00 0,



TABLE 1 (cont'd) 

• Dates when chlorine determination done by 
Consolidated Edison.  

(1) Chlorine residual data above this line were 
determined by the 

method, data below ere determined by the amperometric 
method.



Surface Temperature and Dissolved Oxygen Levels in the Hudson River in the Vicinity of 
Indian Point, 1971
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Uptake of 14C by phytoplankton in samples taken during 

chlorination was usually inhibited to a substantial degree.  

There was frequently a tend toward decreased inhibition with 

passage from the condenser water box to station D-1. The 

samples from the water box had not been diluted whereas the 

water from the chlorinated condenser bank had mixed with 

water from the unchlorinated bank by the time it reached 

discharge canal stations D-1 and D-2. What degree and kind 

of damage 1 4C uptake inhibition reflects is uncertain.  

The Unit 1 AT was not high enough in 1971 to produce 

condenser temperatures higher than 900 F, but chlorine was 

used.  

The average number of phytoplanktonic organisms per liter 

for all 7 field stations (abundance) by collection date, for 

both night and day, is shown in Figure 5 for 1971. Cal

culation or thelarithmetic mean (60,908) and geometric mean 

(32,055) was based on all the daytime results only.  

Analysis ot variance of the logarithms of phytoplankton 

abundance indicate no significant differences in variance 

attributable to station effects in either the (lay or night 

results at the 0.05 level of significance. Student-Newman

Keuls analysis (Q=0.05) indicate no significant differences 

between stations for day-time results. Usage of the t-test 

for paired results indicated no significant difference in 

abundance between the night and day results at the 0.05 level.  

This means that phytoplankton abundance at station E nearest 

the discharge structure was not significantly different from



Phytoplankton Abundance in the Hudson River in the Vicinity of Indian Point, 1971 

* Arithmetic mean of 7 stations (daytime collection) 
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o Arithmetic mean of 3 stations (daytime collection)
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W the other stations farther away (Figure 6).  

Similar results (no significant differences) were found 

for the percentage composition by the major algal groups for 

both night and day results (Analysis of variance of arcsin 

transformations). Figure 7 shows the seasonal pattern of 

dominance for all stations during 1971.  

Of the 125 species or growth forms observed, 58 were 

found at all seven sampling sites, and,while station F had 

the fewest (79), station E had the highest (95),number of 

species. New York University studies during 1968-70 indicate 

that this seasonal pattern occurs at least as far upstream 

as Hyde Park (mile 77 ), far beyond any possible influence of 

Indian Point. It appears to develop upstream and move down 

into the Indian Point area. Indian Point Unit 1 did not 

operate during the summer of 1970 but the seasonal change in 

species composition occurred as usual.  

As reported in the April 5 testimony for other years, 

Unit 1 caused no evident changes in Hudson River phytoplankton 

populations near the plant compared to more distant sampling 

points during 1968-70. The 1972 14C uptake rate studies indicate 

that the higher AT of Unit 2 when operating at full capacity 

..would cause inhibition of photosynthetic rate by entrained 

phytoplankton during a period of about three months in the 

summer, and during chlorination.  

The elevated temperature will tend to stimulate photo

synthesis of entrained phytoplankton when the Unit 2 AT is less 

than 120F in the summer, and throughout the other approximately
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Phytoplankton-Percent Composition, Hudson River-1971 

(mean of 7 sites of daytime collections)
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pnine months of the year. Water temperature elevations in the 

plume from Units 1 and 2 will tend to stimulate photosynthesis 

throughout the year.  

The Hudson River phytoplankton populations will experi

ence no significant changes in abundance or species composit

ion due to the operation of Units 1 and 2 in my opinion.  

The bases of this opinion are: 1) the lack of evident changes 

during four years of study at the site due to operation of 

Unit 1; 2) The short time that phytoplankton organisms will 

be exposed to elevated temperature of more than 4 degrees during 

passage through the plant and plume (a few hours at most) 

relative to the probable generation time of phytoplankton in 

the river (one or more days). Actually, photosynthesis in 

the Hudson River appears to be so limited by turbidity that 

there is little potential for net growth in cell numbers except 

in the shallow waters and bays. 3) The small percentage of the 

total river flow (1.0-1.5% per pass) that will be used by 

the two-unit operation, compared with other streams much more 

heavily used for cooling water without significant effect; 

and 4) the relatively moderate effects on the entrained phyto

plankton projected for Unit 2, compared with that at other 

plants of larger capacity sited on smaller'streams that 

have not experienced damage.  

Micro-invertebrate Zooplankton 

The temperature tolerance data for micro-invertebrates 

such as rotifers, copepods and cladocera collected during
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this past uvm ;er i'nit T to L- iC te Cc; r the temrera

ture tolerance OE the copepo3 'oVte".o] arid alic,,clons. This 

revision re"nforces iuy ealier conclusions about lack of signifi

cant effect of Unit 2 operations on populations in the river.  

Improved teci Jiques of e-xposing the organisms to&T were 

employed during 1972 which avoided the problem of over-shooting 

the desired temperature that was experienced by the old mettod.  

The upper temperature toleranceof the copepods determined by the 

improved method is ap.,oximately 93 F for a 30-minute exposure in 

the summer. The upper temperature tolerated increases with de

creases in exposure time. As a consequence, whereas in my April 

5 testimony I projected mortality of up to 25 percent of the en

trained copepods when the cooling water rose above 900 F in the 
' 0 

summer, I now believe there will be no such mortalities up to 93 F.  

Survival of micro-invertebrate zooplankton was essentially the 

same in intake and discharge samples from Unit I throughout the 

full range of temperatures (up to 92 F) studied, except during 

chlorination (Table 2). This survival of entrained organisms 

.agrees with tolerance limits predicted from laboratory studies.  

Organisms entrained through Unit 2 in the summer may occasionally 

be exposed to temperatures of 93 to 94°F, but for exposure times 

4 to 6 times less than experienced by the organis-ms passing through 

Unit 1 when operated in a throtIled-flow condition tCo produce the 

/NT's above 110 indicated in TThle 2. r.... s shorter exposure time for 

organisms entrained through Unit 2 will cnable them to tolerate the 

maximum temperatures expected with little or no mortality.
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TABLE 2 

Viability of Entrained Micro-invertebrate Zooplankton 

Indian Point Unit 1

Percent Survival

Water Temperature 0F
T Discharge

Intake 
Range Mean

Discharge-i 
Range Mean

Discharge-2 
Range Mean

Number 
of 

Samples(1)

52-61 

63-70 

71-73

6.4-11 63-69

0-6.6 67-70

75-78.3 8.6-11

71-76 

86-88.3

76-78.9 12.8-15 91-92

92-100 

76-94 

68-96 

83-100 

97-100

97 93-100 

87-99 

83 73-100 

34-91 

87 82-91 

20-76 

96 95-99 

75-98 

98 96-98 

77-98

(1) Two sub-samples examined from each sample.

Ambient

78-100 

50-97 

56-96 

25-96 

54-79 

8-70 

92-100 

93-99 

92-95 

79-94



The variable survival data in Table 2 for both intake 

and discharge sample at the 63-70 and 71-73°F ambient tem

perature conditions was caused by sample storage time before 

examination. This effect due to crowding of organisms in 

the concentrated samples was eliminated by adjusting the 

sample frequency so that each sample could be examined 

immediately after collection.  

Survival of entrained micro-zooplankton organisms during 

chlorination varied widely among individual samples.. At 

station D-2 nearest the point of discharge to the river, the 

mean survival for samples in each data grouping in Table 2 

ranged from 45% in the 71-73°F ambient temperature grouping 

to 97% in the 75-78.3 0F grouping. A mean survival of 89% was 

observed in the 76-78.90F grouping during chlorination. The 

lower mean survivals in the 63-70°F and the 71-73°F groupings 

than at higher temperatures may have been the result of the 

previously described crowding effect while samples were 

standing before examination, a complication subsequently 

avoided by almost immediate examination of the samples.  

No significant delayed mortalities of micro-invertebrate 

zooplankton have been observed after passage through Unit 1.  

The rate of decline in survival was about the same in intake 

and discharge samples (Table 3), after having been exposed 

to cooling system temperatures of 91-92 
0F alone and these 

temperatures plus chlorine.  

Organisms from these discnarge canal samples as well as 

from laboratory temperature tolerance experiments have been



Table 3 

Survival (%) of micro-invertebrate zooplankton at 
Indian Point Unit 1

Temperature conditions: ambient 76 + 150F 
ambient 79 + 13 F

AT 1 
AT

Percent Survival
Time elapsed 

(hours)
Intake Discharge 

(AT)
Discharge 
(AT + Chl)

98.8 

100.0 

97.8

94.3

92.1

85,92,88

94.1

86.4

95,9G

The data on survival is a composite of data from two 

days observation during which these were the temperature 
conditions_

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 
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observed to reproduce successfully. The comparative rates 

of reproduction by entrained and control specimens are still 

to be determined.  

An analysis of variance was performed on the logarithms 

of plankton data from the seven field stations. A two way 

ANOVA table was formed by dates of collection and station.  

The resulting "residual" mean square was used as an estimator 

of the parametric variance of the data. The F ratio 

mean square of stations was then calculated in order to 
(residual meiin s(are )' 

determine any differences among the stations. Separate 

ANOVA were computed for the species Eurytemora affinis, 

Acartia ton-ia, Diacycops bicuspidatus, Halicyclops fosteri, 

Moina sp., iosmin.a longirostris, Daphnia pulex and Diaphanosoma 

brachyurum, ir1 addition ANOVA's were calculated for the plankton 

groups Rotifera, Protozoa and the larval forms of copepods.  

The F ratios determined in all of the tests proved to 

be less than the upper critical value F (a = .01). The con

clusion is that, within the limitations of the conditions 

specified for the analyses, there was no significant difference 

in abundance or composition of micro-invertebrate zooplankton 

in the river resulting from Indian Point Unit 1 operations.  

Operation of Indian Point Units 1 and 2 are not expected 

to significantly alter micro-invertebrate zooplankton popu

lations in tle Hudson River because data from studies of the 

biota from the Hudson River at Indian Point show that; 1) 

The laboratory studies indicate that micro-invertebrate zoo

plankton can tolerate the cooling system and plume temperatures



expected throughout the year with the possible exception of 

the summer when cooling water system temperatures and times 

of exposure may slightly exceed (l-20 F) the tolerance of the 

more sensitive species. 2) Survival of the micro-invertebrate 

zooplankton in discharge canal samples was similar to sur

vival in intake samples from Unit 1 when Unit 1 flows were 

throttled to produce AT's approximating the AT expected from 

Unit 2. 3) The above temperature tolerance and intake

discharge survival studies clearly demonstrate that the 

Hudson River micro-invertebrate zooplankton can tolerate 

temperatures higher than will be present at any time or 

place in the plume from Unit 1. 4) Mortality caused by 

chlorination is moderate; chlorine will be applied to 

Units 1 and 2 less than 4% of the time, and the generation 

times of most species included in this category are 

relatively short, which increases capability to compensate.  

5) Populations in the plume from Unit 1 have been found not 

significantly different from those at stations more distant 

from the plant.



Macro-invertebrate Zooplankton 

Studies of the macro-invertebrate zooplankton since 

preparation of the April 5 testimony show that the amphipod 

Gammarus can tolerate a MT of almost 360 F for 30 minutes in 

the winter at an ambient temperature of 36.5 0 F. -Tolerance 

to AT declines to 190 F over an ambient temperature of 770 F 

(250C) in the summer (Figure 8). This tolerance capability 

exceeds the AT expected from Unit 2 throughout the year.  

Survival data from the intake and discharge canals 

indicate n) in r:ase mortality of Gammarus in the discharge 

canal at ,W"s u,:) to 15°F over the summer ambient temperature, 

which confirms the validity of the projections from the 

laboratory thermal t-i e i-ince (Table 5).  

Many brc'.ci I iaixs of Gammarus are observed in discharge 

canal sampi:! throughout the year. Pairs collected from the 

highest dischar e temperatures observed (93.7 0 F) and sur

vivors from z-h. -Icloririated samples have been observed to 

produce broods of young. Quantitative studies of repro

ductive success are planned. -ammarus taken from the 

elevated temperature condition in the discharge canal 

experienced no higher delayed mortality than specimens 

collected from aiibient temperature intake water (Table 6).  

Mortalities and stunned Gammarus were observed during 

chlorination. The average initial percent mortality ranged 

from 5.2% to 18% in discharge canal Station D-1 samples and 

from 4.7% to 8.1% in Station D-2 samples (Table 5). The rea

sons for the smaller mortality in Station D-2 samples are not 

yet known. Apparently healthy specimens taken from the



discharge canal samples, which were categorized initially 

as alive, displayed no higher delayed mortality than speci

mens taken from the intake canal. About 68% of these 

organisms listed as stunned subsequently died within two 

,hours (Table 6).  

Gammarus placed into various dilutions (96% to 20%) 

chlorinated discharge canal water in static bioassay 

conditions experienced no higher mortalities after seven 

days than specimens in the unchlorinated control (Table 7).  

This experiment was performed to determine the toxic 

potential of chlorine residual that organisms might experience 

in various portiois of the plume. Gammarus was selected 

as the test organism because of the sensitivity to chlorine 

it has displayed in the intake-discharge canal survival 

studies. The sLatic bioassay condition provided for no 

subsequent diluticn., so was probably more harsh than would 

be experie ced by organisms coming into contact with the 

plume water, which does experience progressive dilution 

with time.  

Temperature tolerance data for Neomysis americana 

indicate a tolerance limit of about 87-89°F (31.70 C) for a 

30 minute exun-sqmi-:e over an ambient river temperature of 

75-78OF (25.5 C). The TL9 5 tolerance limit for Neomysis for 

a 5 minute exposure is 32.5 0C (90.5 0F) from an ambient 

temperature of 7}8o . (Figure 9).  

The survival data for Neomysis from the intake-discharge 

canal studies indicate no decreased percentage survival in the 

discharge canal stations compared to the intakes at an 

ambient temperature of 70-78 ° when the AT was between 7-10°F, but
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TABLE 5 

Viability of Entrained Gammarus sp.  

Condition of Organisms (% of total from Station)

No. of 
Organisms 

3091 

4925 

13580

No. of 
Samples 

19

Water Temperature (oF) 
Ambient T(°F) Discharge 

68-71 0 68-71

30 76-78 10-11 86-88

30 76-79 13-15 90-92

Cl 

NO 

YES 

NO 

YES

NO

YES

21596

Intake 1 Intake 2 Discharge I Discharge 2 
live St. Dead Alive St. Dead Alive St. Dead Alive. St. Dead 

97 0.5 2.2 93 1.4 5.5 97 0.8 1.8 98 1.7 0.3 
- - - - - - 82 12 5.2 90 5.6 4.7 

98 0 2.5 98 0.7 1.5 92 2.9 4.6 93 2.0 5.0 

- - - - - 78 9.0 13 86 5.4 8.1' 

99 0.2 1.0 98 0.2 1.3 99 0.3 0.5 99 0.3 0.6 

. . . . . . 58 24 18 89 5.9 5.3

79

All numbers are percent of organisms examined.  

ST = Stunned

A
A



TABLE 6 

Survival of Gammarus two hours after collection from the 
Indian Point Intake and Discharge Canals.

No. of Samples 
Analyzed (25 
Organisms/Sample)

Source of 
Organisms 
(Station)

Initial Mean % 
Chlorination Condition Survival Range

Intake

Discharge-i 

Discharge-i

Stunned 32 12-64

No 

Yes

Alive 

Alive 

Alive

100 

98

69-100 

100 

92-100

Discharge-1 Yes



TABLE 7 

Survival of Gammarus sp. in Various Dilutions (1) of Chlorinated Discharge Water from 

Indian Point Unit 1 ( 4 )

Percent 
Chlorinated Discharge

No. of 
Organisms( 3 )

Initial

Chlorine Residual

2 days i ciays

Percent Survival 

2 days 7 days

not detectedk2) 

<0.01 

0.02 

0.07

not detected (21 

(2 ) not detected -

dilutions prepared with non-chlorinated Hudson River water 

<0.01 ppm 

25 specimens per jar 

Held at ambient river temperature which ranged from 66% to 62°F during experiment.

0 

20 

33.3 

50 

95.8

75 

75 

75 

75 

50

(1) 

(2) 

13) 

(4)

2 days I caays



Temperature

50 
40 

30 

20 

10 
50 
40 

30 

20-

Tolerances for Neomysis americana at an Ambient 
Temperature of 25.50 C.  

5minute exposure 
TL50 34.0 °C.

_TL95 32.5 °C.

Ill I I 11111 III

1 2 5 10 30 50 70 
Percent Mortality

90 95 9899

(3 
0 

E

30.minute exposure 
TL 50 33.0 0C.  
TL95 31.7 0C.  

! ! I I !I I I I I I I I I !

0.1 99.9



'when theAT was increased from 12.8 to 14.2 0F there was a notic

able increased mortality at the discharge canal station D-l, 

D2 compared to the intake stations (Table 8 ). This survival 

data indicates that sizable percent mortalities of Neomysis 

may occur in the discharge canal when the temperature exceeds 

900 F. H1owever, it is evident from Figure 9 that the temperature 

tolerance of Neom yvsis increases with decrease in exposure 

time. When unit 2 comes on line the flow velocities in the 

discharge canal will be considerably greater than they were 

while this data was being collected with Unit 1 in a throttled 

flow condition. This increased velocity will reduce the ex

posure time to the elevated temperature, which should in turn 

reduce the mortaiity: rate of Neormysis.  

As indicated in my previous testimony the occurrence qf 

Neomysis in the vicinity of the Indian Point plant is related 

'to the pr(e:sen-e u the salt-front in that part of the river.  

According to the data for 1971, Neomysis was present in 

signiflcianL numbers in the vicinity of the Indian Point plant 

only when the salinity exceeded about 0.5 parts per thousand 

(Figurelo). Due to the very heavy rains which we experienced 

in this area in 1972,- the movement of Neomysis into the 

vicinity of the Indian Point plant did not occur until approxi

mately one month later than in' 1971. This dependance upon 

the location of the salt-front for longitudinal distribution 

within the estuary greatly reduces the time during which 

Neomysis is susceptible to the intakes at Indian Point.  

As indicated previously, eomysis as well as the other 

dominant macroinvertebrate zooplanktcn species in the Hudson
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TABLE 8

Viability

No. of 
Organisms 

11,600 

1,990

No. of 
Samples 

105 

39

Water Temperature (OF)

Ambient 

70-78

T(OF) 

7.0-14

Discharge 

83-88

of Entrained Neomysis 

Condition of Organisms (% of total from Station) 

Intake 1 Intake 2 Discharge 1 Discharge 2 

Cl Alive Dead Alive Dead Alive Dead Alive Dead 

NO 91 9.0 93 7.0 85 15 91 9 

YES - 58 .42 76 24.

77-79 13-141,420 

371

90-92 NO 

YES

97 3.0 96 4.0 53 

- - 54



FIGURE • 10 
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Seasonal Occurrence of Neomysis and Salinity 
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River exhibits a very dramatic diurnal vertical distribution 

pattern in the river. Figure ii shows the difference in 

numerical abundance relative to hours of the day for Neomysis 

and Gammarus in samples taken in front of the dock at Unit 1 

compared to samples in the discharge canal. These data in

dicate that the susceptibility of Gammarus and Neomysis to 

the intake is dependent upon its distribution in the vertical 

column of the water in the river. The result is about a 

5-fold lower abundance during the 14-16 hours of daylight 

compared to the 8-10 hours of darkness.  

It is evident from the comparison of the seasonal mean 

abundances in the daytime versus the night-time collections 

of Neomysis, Gammarus, Monoculodes shown in Figures 12,.13 

and 14 that this day versus night difference in vertical 

distribution pattern exists throughout the period of occurrence 

for each of these species in the vicinity of Indian Point.  

These three species combined compose about 90% of the macro

invertebrate zooplankton abundance in the Hudson River at 

Indian Point. Gammarus is the most consistently occurring 

and abundant' component of the macroinvertebrate zooplankton 

in the vicinity of Indian Point. It contributes about 60% 

of the total annual mean abundance of macroinvertebrate zoo

plankton.  

The level of mortalities of Gammarus observed during 

chlorination of Unit 1 and likely to occur during chlori

nation of Unit 2 will not significantly effect the population 

in the river in my opinion. The bases for this opinion are



FIGURE 11

Diurnal Distribution at Indian Point

,A

Neomysis Intake 
No:,mnysis Discharge 
Gornmarus Intake 
Gurnrmarus Discharge

, a I a I a I I I I I i ,

1600 2400

Time of Day (hours)

500

0

200 

100

5_

0
I I I I I I i i i I I

0800
I I I I I I I I I I I



FIGURE 12 
36 

Day/Night Vertical distribution Average of abundances of 
all oollection stations throughout collection period for 

Surface, Mid-Depth and Bottom
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FIGURE 13

Day/Night Vertical distribution.Average of abundance of all 
collection stations throughout collection period for Surface, 

Mid-Depth and Bottom
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FIGURE ..14 

Day/Night Vertical distributionoAverage of abundance of 
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the data presented, which indicate no redo.ti.on in survival :1rn the 

discharge canal. sariples except during9 chlorirnation. Chlorine will be 

*applied during only about 4% of thne time. Chlorine will be applied during 

the day when the greates;t abundance of Garnmarus are located in the deep 

w ater of the river so that nunmers coming through the plant are minimal..  

The total chlorine residual frori Unit 1 dissipates rapidly as indicated 

in Table 1, such that it is qenerally less than 0.1 part per million at 

station D-2, and has not been present in detectable amounts at the plume 

station, where the temperature AT has been approximately 1/3 of the L&T 

in the discharge canal. Exposure to initially full-strength (0.07 ppm) 

chlorinated discharge canal water for seven days caused no increased 

mortality compared to controls. The chlorine residual declined below 

detectable lilLts (0.01 ppm) by the second day.  

Assuming the same application rates of chlorine for Unit 2, the dis-

charge concentrations to the river will be less with Unit 1 and 2 opera

ting due to increased dilution. Further, if there wcre to be detectabe 

chlorine residual in the plume, its distribution wo-uld tend to be similar 

to that of the plume itself which moves to the upper layers of the wate r 

column during most of the year. This is the area of least abuncdance of 

Gamrmarus during the day (Figures 11-4) 

Therefore, tIn nu-bers of Gcmnmzrus which arc killed during the time 

of chlorination in the discharge canal are an extremely small part of the 

population in the imme iate vicinity of Indian Poin;L and are an even 

smaller portion of the total river population, which occupies at least 

a 10 to 15 mile length of the river at any given tire Moreover,' 

we have os)served th.at .... s , sreprod3uce throughout he yCe-ar in 

the .T .- - on -.." . r -ed on th.e lit, . urc 2,,~ ile. can Ne



expected to produce a new brood at the time of each molt, 

or up to 5 to 7 broods per year. This reproductive strategy 

provides protection against serious population effects by 

intermittent impacts such as chlorination.  

Neither in my opinion, will Neomysis populations in the 

river be significantly effected by the entrainment mortalities 

that may occur during passage through Unit 2, although the 

fact that Neomysis may experience a higher percent mortality 

(temperature and chlorine) than Gammarus (chlorine only) 

increases the potential for such effects. Additional bases 

for this opinion to those given for Gammarus are: 1) A 

segment of the Neomysis population in the river will be subject 

to entrainment by Indian Point Units 1 and 2 during only a 

portion of the year. The time and duration of occurrence 

in the Indian Point area will vary from year to year, but the 

duration of occurrence will probably be on the order of about 

six months. 2) The data (Table 7') indicate that entrained 

Neomysis may experience appreciable mortality only when the 

condenser and discharge canal water temperature exceeds 900F, 

and during chlorination. The condenser and discharge canal 

water temperature will exceed 90 F during about three months 

of the summer when Unit 2 is operated at full rated capacity.  

3) The exposure time to the elevated temperatures in the 

condenser and discharge canal will be reduced with Unit 2 

operating. 4) A longitudinal profile of sampling was under

taken in 1972 after Neomysis began to occur at Indian Point.  

This sampling indicates that Neomysis was present at least as
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far south as Yonkers (mile 15), and as far north as Newburgh 

* (mile 58), dep: nding upon the northward location of the salt

front. This wide distribution of Neoymvsis helps to assure that 

entrainment mortality at Indian Point will have no significant 

effect on the river population. 5) The diurnal vertical distri

bution pattern of ionlss is such that its susceptibility to the 

intake is substantially reduced during the hours of daylight 

compared to the hours of darkness.  

Future studies will include thorough monitoring of Neom-sjs 

population dynamiics in the River, which would detect any signi-

ficant effects if they were to occur.. Studies of the life history, 

especially, factors affecting location and rate of reproduction, 

generation time and turn-over rates, to-determine compensatory 

I capability will also be undertaken.  

p 

0



Fish Eggs and Larvae 

The teasonal occurrences of the most abundant plank

tonic fish eggs and larvae in the Hudson River at Indian 

Point during 1971 are shown in Figure 15. Metered one

half-meter diameter, 500V mesh nets were towed simultane

ously just below the surface, at mid-depth (between 15 

and 25 ft deep), and approximately two feet off the bottom 

at each of the seven sampling sites indicated on Figure 6 

to collect the fish eggs and larvae. Each station was 

sampled twice each week during the day and once every 

other week at night from May through August, and at less 

frequent intervals during the remainder of the year when 

the River was navigable.  

The principal focus here will be on the striped bass 

eggs and larvae because of the special interest in this 

species. The peak abundance of striped bass eggs at Indian 

Point occurred during the last two weeks of May in 1971 

when the river water temperature ranged from 53 to 590 F.  

The peak abundance came during the same period in 1972 

when the water temperature ranged from 530 F to 630 F.  

Very few eggs were present in the surface samples in 

1971. Eggs were clearly most abundant near the bottom 

in both the day and night collections (Figure 16), 

meaning that they are less available to the Indian Point 

plant intakes than they would be if they were evenly 

distributed from top to bottom.
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FIGURE 16 
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Results of laboratory temperature tolerance studies 

(Figure 17) utilizing eggs and larvae from the Cooper River, 

South Carolina stock (spawned at Monck's Corner Hatchery) 

indicate that all developmental stages of striped bass eggs 

should be able to tolerate the 15 0 F P T while passing through 

Indian Point Unit 2. The 15°FAT added to the 53-63°F 

ambient temperature that accompanied the presence of most 

of the striped bass eggs at Indian Point in 1971 and 1972 

yields Indian Point Unit 2 cooling system water temperatures 

of 68 to 770 F. The 77°F temperature would exceed by 20 F 

the sixty-minute-exposure maximum tolerated temperature 

only during- the gastrula stage.  

The transit time for cooling water passage from the 

Unit 2 condensers back to the River at rated capacity 

operation will be 10.5 minutes, considerably less than 

the sixty minute exposures used to determine the temperature 

tolerance of striped bass eggs. The conservative effect 

of using the longer exposure time should more than com

pensate for the fact that the ambient or acclimation 

temperature was higher at Monck's Corner than the 53-63°F 

ambient temperature in the Hudson during the period of peak 

egg abundance.  

Eggs were exposed to abrupt changes of pressure ranging 

from +5 psi to +100 psi. No increase in mortalities or ab-.  

normal development of eggs or larvae was observed.
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Newly hatched yolk-sac larvae are the most temperature 

sensitive of the developmental stages of striped bass eggs and 

larvae (Figure 17). They begin to incur mortality at tempera

0 
tures above 73 F when exposed for sixty minutes. Thereafter, 

temperature tolerance rapidly increases, such that 10-hour-old 

larvae tolerate up to 83 F for sixty minutes without increase 

in mortality or abnormal development.  

Striped bass yolk-sac larvae were taken in plankton nets 

at Indian Point from early May through mid-June in 1971. By 

far the majority of the year's catch was taken during the period 

from May 24 through June 7, when the River water temperature 

ranged from 59°F to 64°F. The rated capacity Indian Point 

Unit 2AT of 15°F added to those ambient tempertures yields 

cooling water temperatures ranging from 740F to 79°F that 

might be experienced by yolk-sac larvae passing through the plant.  

The newly hatched yolk-sac larvae passed through Unit 2 

during the first two to three weeks of May, 1971, would not 

have experienced temperatures in excess of the sixty-minute 

tolerance limit. Those passed through the plant during the 

remaining two weeks of yolk-sac larvae occurrence would have 

experienced temperature from one to six degrees higher than 

the sixty minute tolerance limit when the plant was operated 

at full-rated capacity, and probably would have experienced some 

level of temperature induced mortality unless the relatively 

short exposure time would enable them to survive the temperature.
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The yolk-sac striped bass larvae were most abundant in the 

samples just above the bottom in both the daytime and night time 

* collections, in 1971. Approximately eight times more yolk-sac 

larvae were taken in the near-bottom samples than in the mid-depth 

samples during the day. None were taken in the surface samples 

during the day. Abundances in the night collections were a bit more 

evenly distributed, but there were still from 3.5 to 4 times more 

in the middle and bottom collections than at the surface. This 

pattern of highest abundance in the deepest water probably makes 

the yolk-sac larvae considerably less available to the Indian Point 

plant intake than could be the case if they were evenly distributed 

from top to bottom.  

The sixty-minute-exposure maximum temperature tolerance of the 

striped bass larvae increased from 830F for the 10-hour-old larvae 

to 88°F for 30 day old (768 hour) larvae (Figure 17). The tolerance 

level. remained at about 88 F for larvae beyond this age.  

Post yolk-sac larvae were taken in plankton samples in the 

vicinity of Indian Point from early May through mid-July in 1971, 

when the River water temperature ranged from 50°F to 770F. The 

Unit 2 rated-capacity AT of 15°F added to these ambient tempera

tures yields cooling water system temperatures ranging from 650F 

in early May to 92°F in mid-July. Thus the cooling water tempera

tures would be lower than the sixty-minute temperature tolerance 

limits for striped bass larvae, except near the end of the larvae 

season in July when some temperature-induced mortalities may occur.



organisms passing through Indian Point Units 1 and 2 are 

* exposed to abrupt changes in pressure ranging from 6.62 to 20.58 

pounds per square inch. Striped bass-larvae up to 30 days old 

exposed to abrupt pressure changes ranging from 5 to 100 pounds 

per square inch (psi) fed immediately after the exposures, and 

suffered no mortality or behavioral aberrations compared to controls 

through twelve hours of post experiment observation.  

Older larvae and juveniles of striped bass, white perch, 

clupeid species, anchovy and tom cod have been exposed to abrupt 

pressure increase up to 500 psi above ambient, held at those 

elevated pressures for up to two hours, then abruptly brought 

back down to ambient pressure. All of these have fed shortly 

S after the exposure, and suffered no mortality or behavioral 

aberrations compared to controls.  

As in the case of the striped bass eggs and yolk-sac 

larvae, the very high concentration of post yolk-sac larvae 

near the bottom relative to the surface during daylight hours 

probably reduces the potential for passage through theIndian 

Point plant below what it would be if the larvae were evenly 

distributed from top to bottom (Figure 16).  

The condition of all Morones (striped bass and white perch) 

larvae collected in intake and discharge canal samples at Indian 

Point during 1972 is summarized in Table 9. Certainly this data 

indicates that larvae passed through Indian Point Unit 1 are not 

* all killed. H-owever, a first approximation of the percent



survival of larvae passed through the plant was computed by 

* assuming that if the sampling effort and mortality due to collec

tion were equal, then approximately the same number of live 

larvae should have been taken in the discharge canal samples as 

in the intake. Dividing the number of live larvae in the discharge 

samples by the number of live larvae in the intake samples 

(32 X 100 ) yields 54% as a first approximation of survival 

for striped bass and white perch larvae passed through Unit 1.  

Much additional analysis of data must be done to refine the 

estimate, which could increase or decrease the percent survival 

estimate somewhat depending upon the net effect of the variables 

which must be considered.
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TABLE 9 

Condition of Morone spy (Striped Bass and White Perch) 
Collected From the Intake and Discharge Canal at Indian Point

Intake 
Alive Stunned Dead

327 105 225

Discharge
Total 

657

Alive Stunned Dead

177 55 167

Total 

399



Appendix B-1 

Detailed Comments on Thermal Discharge 

Aspects of AC Draft Statementi. April 13, 1972 

The Draft Statement addresses the environmental aspects of the com

bined thermal discharge from Indian Point Units Mos. 1 and 2. This appen

dix clarifies several misconceptions in the Statement, apparently engendered 

by earlier, less comprehensive analyses which had been submitte to the AEC 

Staff.  

These coiments are supplied in support of the applicant's contentions 

that the Statement is erroneous in its evaluation of the following four topics: 

1. Net nontidal flow 

a. The Staff states on page 111-35 "The magnitude of the net nontidal 

flow for different freshwater flows needs to be determined." Simi

lar and sometimes contradictory remarks are made in sections III 

E 1 d(3), III E I f(4), III E 1 g(5), and Appendix 11-1.  

b. The Applicant has demonstrated through extensive analyses using 

several independent methods (see Chapter V, reference 9), how 

the nontidal flow depends on freshwater flow. The final two unit 

predictions (reference 11) use the minimum (most conservative) 

estimates of the nontidal flow that can be obtained. The efforts 

of the applicant's consultants represent a significant advancement 

in methods of modeling such estuaries.  

2. Maximum river ambient temperatuie 

a. Staff concludes on page 111-35 "the maximum river temperature can 

be above 810 F in August." This conclusion is subsequently used 

to imply probable noncompliance with 900 F maximum surface tempera
ture criterion.  

b. Applicant has demonstrated and will outline in these comments: 

(1) The source of error in the Staff analysis.  

(2) The applicant's consultant statistical analyses of ambient tem

perature.  

3. Far-field heat dissipation 

a. Staff maintains on page 111-37 "The adjustments made to the original 

model by arbitrarily using correction factors so that the results will 

0agree with only one set of observed data from operation of Indian 

Point Unit 1 and extrapolating the model to predict the effects of 

Units Nos. 1, 2, and 3 together 
is unjustified."



b. Applicant used all available data to calibrzte the models presented.  The models have now beentested in numerous applications and have been verified. The model development and verification has at all time been beyond the "state-of-the-artr. The summary analyses inreference 1Lemploy no empirical adjustments; they are theoretical predictive models which show remarkable agreement with the independent physical models.  

4. Physical model results 

a. Staff makes reference to the extensive physical modeling program only in twelve lines on page III-34, apparently disregarding those results.  

b. Applicant maintains, as in the original 1969 report, that the mathematical and physical models are independent, illustrate remarkable agreement and should be reviewed and interpreted as complimentary predictions.



1. Net Nontidal Flow 

The Draft Statement, in its discussion of Net Nontidal Flow, attempts 

to summarize and evaluate the application of this concept to the Hudson 

River at Indian Point. The Statement does not convey a consistent evaluation 

as to how the concept should be applied.  

Table 1 summarizes results of the density induced circulation studies 

detailed in references 8 and 9. The table compares the velocity and salinity 
approaches. In general, the salt approach exhibits several favorable charac
teristics such as relatively more stable and predictable distribution, more 

independence of temporary meteorological and local eddy conditions, simpli
city and availability of more precise detection instruments. The end result 
of these advantages is, of course, a more reliable measurement which makes 
the use of salt more attractive from a practical standpoint.  

The salt approach results were also used to introduce some degree of 

perspective to the problem and to determine seasonal variation of upper 

layer flows since most of the available current observations were made during 

the summer months.  

When the freshwater flow exceeds 20,800 cfs at Indian Point, the river 
changes from a two-layer to one-layer system having a net flow in the down

stream direction from top to bottom. This flow value represents the incipi
ent salt flow at Indian Point and may occur during May during.certain years.  
This critical value of freshwater flow may be obtained from Figure i. The 

long term monthly average upper layer flows are shown in Figure 2.  

In conclusion several methods of 6simating the net nontidal flow have 

been evaluated. The Staff recommends use of salinity data on page 111-27 
of the Draft Stateiient and the applicant concurs. Statistical analyses using 

different methods of interpreting salinity data lead to estimates of upper 

layer flow from 35,000 to 92,000 cfs. Since the less accurate velocity method 

resulted in lower values of upper layer flow, the applicant has used this 

most conservative value obtained, approximately 21,000 cfs in their evalu

ation. The applicant's methods of analyses have employed established princi

ples to advance the scientific state of estuarine prediction techniques.  

9w
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TABLE 1 

COMPARISCN OF LOWER: HUDSON UPPER LAYER FLOW USING SALINITY 

AND CURRENT OBSERVATIONS 

Upper Layer Flow, Thousand cfs

Reference 8 
Figure No.Method

1. Current 
Observaticns 

2. Salinity Surveys 

a) Salt Budget 
Method 

1961 
1567

.7

-- Summer Conditicns -

Indian Point

21.5

90.0 
92'.0

b) Two Layer 
Flow Method 

All Salinity 
Surveys 

Generalized 
Salinity

35.0

35.4
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2. Maximum River Ambient Temperature

The Draft Statement maintains that "Report of Inquiry into Allegation 

Concerning Operation of Indiani Point 1 Plant of Consolidated Edison Company" 

shows river ambient temperatures of 810 F. Certainly it is clear that an 

extensive body of temperature data exists beyond this simple source. Our 

consultants have analyzed all existing data and these analyses have been 

described in Dr. Lawler's Supplemental Study dated May 1972 (reference 12, 

pages 1-3 through 1-5). The comments below are, in part, based on that re

port.  

The New York State regulations define ambient temperature implicitly 

in NYCRR 704.1 where estuarine thermal criteria are specified. With regard 

to the 40 F heating limitation that section reads in part: "...shall not 

be raised to more than 4 F over the temperature that existed before the 

addition of heat of artifical origin..." The data presented in the Staff 

reference indicating a temperature of 810 F were obtained while Lovett 
and 

Indian Point were operating and were not measured at the Indian Point site.  

Thus, these temperatures measure thermal plume effects, not ambient intake 

temperature. Furthermore, the data were accumulated with uncalibrated 

thermometers normally accurate to only 110 F at best. By contrast the appli

cants' consultants' data analysis in reference 12 was based on measurements 

using Bureau of Standards calibrated thermometers and employed statistical 

methods in documenting the use of the 790 F maximum ambient river tempera

ture at the site.  

The Draft Statement references Attachment B-3 of the Report of Inquiry 

referred to above for its finding of the 810 F intake temperature. The 

same report contains an exhibit designated At tachment B-2 which shows tem

peratures specifically at the intake of Indian Point 1 for the summer periods 

of 1967 and 1968. The highest temperature indicated is 800 F which occurred 

on six days in 1967 and no days in 1968. Since the present outfall structure 

had not been constructed, recirculation effects would be greater at that time 

than would be expected from the present configuration. The Draft Statement 

makes no mention of Attachment B-2.  

The Draft Statement uses the 810 F hypothetical ambient temperature 

to criticize the applicant's conclusions that the 900 F maximum 
surface tem

perature criterion will not be exceeded. The applicant's submerged discharge 

model is fully explained and documented in the Supplemental Study 
of May 1972 

(reference 12). We understand that this document was not available to 
the 

Staff when it prepared the Draft Statement. The model is conservative, uses 

published parameters where needed, and agrees with physical model results, 

from the undistorted model of the outfall. The physical model tests are 

more fully described in the comments below. (See 44). The models predict 

a maximum surface temperature of 880 F.  

In summary, the applicant maintains (1) that the maximum ambient 

river temperature is 790 F, based on statistical analyses of 
available data; 

and (2) that the effluent will be diluted to ea4-ly meet the 900 F maximum 

surface temperature limit.



3. Far-Field Heat-Dissipation 

The Staff Draft Statement critically reviews one of the applicant's first generation models used to predict the expected temperature distribution associated with three unit operation. The Lawler Testimony submitted to the ASLB on April 5 (reference 11) is a much more concise and complete description of the essence of these models. We understand that this document.was not available to the Staff when it prepared the Draft Statement.  In fact, the April testimony employs no empirical corrections to arrive at predictions that two units will meet the 40 F New York State Thermal Criteria.  

In point of fact, the applicant has supported the extensive development of the heat dissipation model by the consultant, QLM. Subsequent to the 1969 reports, apparently used by the Staff in their preparation, the model has been applied to numerous other outfalls and has been verified using field data as outlined below.  

A. Applicability of the Overall Mathematical Models to Thermal Discharges 
The heat dissipation mathematical models, and in some cases modified versions of these models, have been used to evaluate a number of existing and planned effluents and waterbodies, including the following: 

I. Existing Plants 

- Albany Steam Station 
- Danskammer Station 
. Lovett Unit 1-5 
• Indian Point Unit 1 
• Arthur Kill Plant 
. Astoria Units 1-5 
. Ravenswood Plant 

2. Proposed Plants 

. Roseton 
• Indian Point Units 2 and 3 
. Standard Brands, Inc.  
• Astoria Unit 6 
• Bowline Point 
. a number of other future generation sites 

3. Water Quality Models 

• The Hudson River - NYSDEC 
• The New York - New Jersey Estuarine Complex - ISC, NYC, NJDH " The East River - NYC 
" several waterbodies outside New York State 

In addition, subsequent analysis, summarized in Table 2, of available temperature measurements in the vicinity of other Hudson River existing plants indicated existence of upper layer flows close to those computed using the above described tidal current and salinity approaches. These results support the capability of the density induced circulation concept to explain temperature observations.



TABLE 2

plant 

Dans}:w"f er 

Lovett 

Lovett 

Indian Pt. 1

Survey 

1969 PL&M 

1969 QL&M 

1970 QL&!M 

1966 NB1I

Obs erved 
iT~o j OF_ 

0.146 

0.152 

0.175 

0.200

Heat Load, 
BBTU/D-7y 

47..3 

57.0 

41.7 

37.4

Upper Layer* flow. cfs 

32,c00 

37, 800 

26,200 

20,900

co zputed using te-np e ratur e observations

S
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B. Presentation of study Results.  

in order to select the most severe set of hydrology and meteorology 

that can occur in the vicinity of Indian Point and to compare results of 

the various models used in this study, a plane of discharge counterpart of 

the mathematical model may be used, For a given location outfall design 

and known fluid characteristics, this model reduces to:

R K

in which:= -average temperature rise at the plane of discharge, OF.  

0 is used here as a measure of the response 
of the Hudson River 

thermal discharges.

= Thermal discharge, BBTU/DaY 

leat transfer coefficient, 3BTU/sq. ft. day 
0F- It is used in 

this model to define the 
influence of meteorological 

conditions 

on the distribution 
of temperature

= River freshwater flow, thousand 
cu. ft./sec.  

= Longitudinal dispersion 
coefficient, sq. miles/day 

- A heat dissipation 
parameter 

"'flectin g the influence 
of flow availa

ble for dilution of 
thermal discharges 

and of heat transfer 
to the 

atmosphere. in the case of the convectiondispersion 
mathematical 

models, Qd combines the influence 
of Q, K and E. in dealing with 

moes rid avred over the entire 
cross

a tidal smoothed temperature rise average verteetr 
rs 

section within a saltintruded reach of an estuary, 
Qd reflects the 

influence of the seaward directed upper layer flow, Qu, 
and landward 

directed lower layer flow, Q1. This definition Of Qd as been selec

dited o wrer consistent comparison of the convection-dispersion 
and 

density induced circulation 
model results. However, since an inherent 

ly stratifying discharge, 
such as is a thermal 

effluent, rises to the 

ysrcandtndstontaye inthe upper layer, only the upper layer 
surface and tends to 

stay ,. . v -,4o £e rtr in the 

flow may be used to 
predict the distribution 

of temperature in the 

seaward directed 
layer.

= Constants defining the 
influence of river geometry 

design (TSF), and water quality (e,C ). At indian 

B, TSF, (P, C of 160,000 sq. ft. , 4,000 ft., 1.5, 

.... ,,4O0 repectively, yields = 0.185 and =

point, use of A 
62.4 lb/cu.' ft, 

0.23.

and I 1 D U / ro o f a con it on 

comparison between the various hydrological and meteorological conditions 

and models presented using this equation is given in Table 3. The studY results of 
ented.. 

.. .. us 
n-h s q 

rrin(I during certain 

Table 3 indicate that an incipient 
salt flow conl12.t)O f ur n durin cert ain 

winter months represents the most severe Set lsy and duriny th 

can be expected at Indian POint. The hgrmal effect is less crtical during the 

other months due to availability of high freshwater flow and heat transfer rate 

and/or density induced circulation associated with oceanderived salt intrusion.  

In order to predict the maximum expected effect, the incipient salt flow condi

11 

Q 

E 

Qd



tions were used in this study.  

The combined effect of rated capacity operation of Lovett Units 1 
through 5 and of Indian Point Unit 1 and 2 is expressed in terms of and 
compared with the New York State thermal discharge criteria in Table 4.  

These values have been computed using an overall convection-disper
sion model capable of handling variable system parameters, including heat loads, 
within a number of consecutive river segments. To convert the overall response 
to near field behavior and to permit evaluation in terms of the NYSDEC thermal 
discharge criteria, the exponential decay model (from reference 3) has been 
employed.  

The surface width criterion, that no more than 67% of the river's sur
face width may experience temperature rises in excess of 40 F, is the most 
difficult of the criteria to meet. This conclusion has been found to be valid 
in numerous cases including Albany, Danskammer, Roseton, Lovett, Bowline, 
Arthur Kill, Ravenwood and Astoria Plants.  

The results of Table 4 indicate that in all cases, the predictions
are substantially less than the New York State thermal discharge criteria.  
Table 4 results correspond to rated capacity operation of Indian Point Units 
1 and 2 as well as the existing Lovett Units 1 through 5.



PREDICTION OF 40 F AREA AND.SURFACE

BOUNDARIES AT INDIAN POINT 

FOR THE MXIMUM SEVERE CONDITIONS 

A. Conditions

Incipient Salt Flow 
Heat Transfer coefficient 
Dispersion coefficient 
Thermal Stratification factor 
Critical tidal phase to tidal average 

location ratio 
Heat Load (Rated Capacity) 

Indian Point Unit 1 
Indian Point Unit 2 
Lovett Units 1 - 5

20,800 
90 
6 

1.5

cfs 
BTU/ft 2 day *F 
sq. miles/day

... 1.35

... 265 MWE 
... 873 MWE 
... 503 MWE

47 BBTU/Day 
153 BBTU/Day 
57 BBTU/Day

B. Study Results

Parameter 

% Width bounded 

by 4*F 

% Area bounded 
by 41F 

Maximum surface 
Temperature, *F 

Area average 
Temp. rise, 0F 

Surface average 
Temp. rise, 0F

Tidal Phase 

Tidal Average 
Critical Tidal Phase 

Tidal Average 
Critical Tidal Phase 

Critical Tidal Phase 

Tidal Average 

Tidal Average

Percentage at 
Indian 

Lovett Point
NYSDEC 
Criterion

24 
32* 

16 
22

1.79 

2.69

1.75 

2.62

This value is based upon a maximum surface temperature rise (ATsm) of 8*F.  

To generalize the results, other rises have been inVestigated. Use of ATsm 
of 6, 7, 9 & 10*F would yield a maximum critical tidal phase % width 

bounded by 4'F of 28, 30, 33 and 33.5%, respectively.

TABLE 4



4. Physical Model Results 

The Draft Statement refers to the existence of a physical model (on 
page III - 34), but does not interpret the results or critically review the 
data. Significant aspects of the physical model program are outlined below.  

In the winter of 1967-68 a model ( Model Ii) of the Hudson River simu
lating 9000 feet above and below Indian Point was constructed at Alden Re
search Laboratories, Worchester, Massachusetts. The layout of Model II which 
was scaled 1:250 in horizontal dimension and 1:60 in the vertical, is shown 
in Figure 3. In order to optimize the outfall design, an Outfall Model was 
constructed at Alden. The Model was undistorted, scaled 1:50 and simulated 
900 feet along the east shore and 400 feet of the river's 4,000 foot width.  
Tests of various outfall designs were conducted using the model through the 
Fall of 1968 and Spring of 1969.  

The current thermal criteria led to selection of the outfall with 18 feet 
submergence. The predicted temperature distribution created by the plant dis
charge through the outfall is presented in Figure 4. The expected near-field 
dilution at the point where the plume reaches the surface was shown by this 
model to be approximately 1:2.  

Tests in the distorted Model II were conducted with this submerged out
fall. These tests simulated two unit and three unit plant operation and in
dicated that the transient thermal plume would comply with the thermal cri
teria. The model results are presented in the Alden Report: "Indian Point 
Cooling Water Studies, Model No. 2" (May 1969), reference 10.  

A subsequent critical review of the results, however, suggested a need 
to confirm the near-field results in that they appeared to indicate less than 
theorectically predicted mixing from the submerged discharge, and hence dis
tortion in the results observed in Model II. The undistorted model was ex
panded in 1971 to simulate 1800 feet of the river's width including 2500 
feet downstream from the Indian Point outfall and 1400 feet upstream at a 
scale of 1:50 including the features of bottom topography.  

Recent re-testing in the expanded model of the outfall with 18 feet sub
mergence confirmed the' 1:2 dilution which had been measured in the smaller 
Outfall Model. In an effort to further improve the efficiency of the outfall, 
tests were run simulating a wide variety of new outfall configurations. As 
a result of these tests the decision was made to raise the ports to a sub
mergence of 12 feet, to improve effluent dilution. The near-field tempera
ture distribution for the raised port scheme, according to the Outfall Model 
tests, is shown in Figures 5.  

The mechanism by which this increased jet efficiency occurs is entrainment 
of cool ater from beneath the port§. Whereas previdusly entrainment.was limited 
b' the presence of the bottom, the outfall design with raise(] ports indicates 
substantially increased dilution, especially at points several hundred feet 
from the outfall.  

Figure 5 shows that the dilution affected by the raised port outfall 
scheme will result in a maximum surface temperature approximately 80 r above 
the intake temperature. With recirculation amounting to 10 F average, and 
a maximum river ambient temperature of 790 F, the maximum surface temperature 
is not expected to exceed 880 F. It should also be noted that the surface area 
of maximum water temperature is exceedingly small, approximately 0.1 acres.

. I
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OUTFALL CONFIGURATION

Figure 4 -
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In summary, the physical model results cannot be ignored in any realistic 
evaluation of the thernal discharge from units 1 and 2. The far field data 
presented in the Alden Report (reference 10) constitute an accepted engineering 
prediction of the plume. It is a tribute to the veracity of both the physical 
and the mathematical heat dissipation models that their agreement is excellent.  
With respect to the accuracy of the near-field temperatures associated with the 
raised port design, the expanded Outfall Model is the most accepted method in 
the field of hydraulic engineering for evaluation of such schemes. The Staff 
is correctly aware of the assumptions required in the mathematical model, yet 
does not recognize the significance, accuracy and simplicity of the physical 
model results for both near and far field temperature distributions.
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SUMMARY OF FINDINGS AND CONCLUSIONS 

1. Testimony presented on April 5, 1972 before the Atomic Safety and 

Licensing Board by John P. Lawler, Ph.D. relating to the operationof 

the Consolidated Edison Company of New York's Indian Point Unit 2 plant,.  

3 described an initial study which evaluated the impact of both existing 

Unit 1 and Unit 2 on the Hudson River striped bass population.  

2. The "completely mixed" type mathematical model reported upon in the 

previous testimony acknowledged certain sources of imprecision in the 

impact evaluation.  

3. Since that date, additional studies have been undertaken by QL&M with 

the objectives of modifying and adding to the analyses to provide a more 

3 accurate and complete evaluation of the impact on the striped bass.  

4. To carry.out these objectives, a transport model which interrelates 

river hydrodynamics to the life cycle of the striped bass was established.  

5. The transport model includes the notion of biological compensation.  

Compensation partially offsets the impact of new influences on the river, 

whether such influences tend to increase or decrease existing fish 

population levels..  

/.  

I
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6. By use of the transport model, predictions of the possible reduction 

in juvenile striped bass caused by operation of Indian Point Units 1 and 2 I 
were made.  

7. The parameters used as input i nto the model are divided into three 

categories: fish life cycle parameters, transport parameters and plant3 

and impact parameters..  

8. A determination has been made of the dominating mechanisms iJnvzl1ved -ini 

the operation of the model.1 

9. Comparison between model predictions and field data indicated that the3 

model has been successful in simulating striped bass behavior in the 

river, by showing that it can progress through a whole series of stages 

properly by taking a given spawning rate as a function of river location 

and calendar time, and from this, via internal transport mechanisms, 

generating egg, early larvae, and later larvae-early juvenile distributions,3 

all of which agree reasonably well with the corresponding measured data.  

10. The effect of two unit operation at Indian Point on the reduction of th eU 

Hudson River striped bass population was evaluated for a conditiong 

described as "current best estimate of impact," and for a condition de

scribed as "apparent maximum impact."3 

The "current best estimate" condition employs data on the actual distrib

ution of eggs, yolk-sac larvae and later larvae in the general vicinity 

of Indian Point and computes impact parameters that are considered to be 

reasonable though conservative.4
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The "apparent maximum estimate" condition maximizes estimates on 

intake area distribution, replenishment-of fish-to the area of p 
Indian Point upOn draw down of the Indian Point population by the 

plant and cropping during plant passage, and-minimizes intake 

avoidance by early free swimmers.  

In both cases, impingement was set at 46,000 striped bass. This 

3 impingement value obtained by adjusting Indian Point Unit 1 impinge

ment data upward for specimens lost, and scaling upward in direct 

I proportion to two unit flow. A reduced flow from October through 

March and full flow for the remainder of the year is used.  

Results are given in Table S-l. These results show clearly that 

operation of Indian Point Units 1 and 2 should be expected to cause' 

neither a substantial nor an irreversible adverse impact on the 

river's striped bass population, particularly during the first 10 

years of operation.  

3 11. At the present stage of its development, the transport model is 

considered to be able to generate a reasonably accurate description 

of the life history of the striped bass in the Hudson River, and in 

particular, the early stages of the bass and the effect of the plant 

on the young of the year recruitment.  

It should be recognized that, as in the use of most models during 

the developmental stage, certain limitations exist. For example, 

plant recirculation, variable stage mortality,compensation 
in the 

3 adult stage reproductive parameters, and fluctuating year class 

I



TABLE S-I 

EFFECT OF TWO UNIT PLANT OPERATION ON 

HUDSON RIVER STRIPED BASS POPULATION 

Percentage Reduction after Years of Operation

Age Group 1 Year 5 Years

VI

10 Years

Run #1 - Current Best Estimates of Impact*

1 Year Olds 

Years 1 to 13

3.5 

3.5

Run #2 - Apparent Maximum Impact*

1 Year olds 

Years 1 to 13

I 
44 

3

* The primary parameters controlling these estimates are the distribution 
of early stages in the Hudson River near Indian Point, the ability of at 
least some of these stages to avoid the intake, and the degree of cropping 
which takes place during plant passage. These have been designated "f" 
factors. Selection-of values is discussed in detail in Chapter III.

I 
II 
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recruitment are some of the factors which do not appear in the 

version of the model reported on in this testimony. Similarly, 

data gaps exist, notably in certain larvalages. ,Egg concentrations 

in several ways do not appear to be consistent with either larval 

or adult population estimates. A minimum of data is available to 

estimate plant impact parameters, particularly plant passage 

cropping rates, intake avoidance and draw down replenishment factors.  

These limitations on both the available data and the model strongly 

suggest that field investigation and model analysis continue to permit 

substantially more confidence in the prediction of the impact of the 

I plant on the river than is now possible.  

I 

I 
I 

I 
I 

I.  
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I. NATURE OF THE ISSUE AND SPECIFICS TO BE CONSIDERED

Steam-electric generating stations operating on the Hudson River are'..  

equipped with circulating water systems which operate on the principle of 

once-through cooling. Large volumes of water are drafted from the river 

through intakes and circulated through condensers, at which point heat 

i from spent steam is added to this water. This steam condensation process 

has the effect of raising the circulating water temperature by approxi

rmately 150 Fwhen the-plant is operating at full load and the circulators 

3 are at full flow. These heated waters are finally discharged-back to and 

mixed with the main body of the Hudson River.  

..At certain times of the year, the early life stages of Hudson River fishes, 

including the egg stage, the larval stage, and the very early juvenile 

stage, are subject to entrainment or.carriage into the circulating.water 

i system because they cannot yet.swim independently and are thus at least 

:partially subject to prevailing currents in the river, and are too small 

to be screened out. Later:juvenile stages are too large to be entrained, 

Sbut are still subject to impingement, that is, they can be caught on the 

screen.  

Once entrained, these organisms would be sbjected to rapidly changing 

mechanical, thermal, and pressure stresses as the water moves through the 

intake, the circulating water pump, the condenser, and the discharge line.  

As the water is lifted up to the condenser, its pressure drops rapidly be

low atmospheric pressure, and as heat is transferred to it from the spent' 

steam, its temperature rises rapidly. These rapid changes in pressure and 

3
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temperature, plus inevitable abrasion, are thought to have an adverse ef

fect on many of the organisms contained in the circulating water.  

The manner in which these stresses affect the early stages of Hudson.  

River fishes which are entrained in the circulating water flow of Indian 

Point Unit 1 has been the subject of recent studies. Preliminary findings 3 
of studies initiated in late spring and early summer of 1972, during the 

spawning and early development season of the striped bass, indicate that 3 
the survivability appears to increase with age, the young larvae being 

most vulnerable and the later stage showing greater ability to condition I 
to the impact. 3 
Meanwhile, in parallel with these studies of actual damage, QL&M has been 

working to develop an analytical means to evaluate the potential for di-.  

rect loss from both entrainment and impingement of eggs, larvae, and juve

niles, and also the potential impact of that loss on the adult population 

of striped bass in the river. We aim at predicting quantitatively the 3 
number or percentage of organisms in any stage that may be removed from 

the river system each year, and secondly and more importantly the 

ultimate, long-term impact of this removal on the river fishery population. g 
A. PREVIOUS TESTIMONY: ITS PURPOSE AND SCOPE 

On April 5, 1972, testimony in this regard entitled "Testimony of John P.  

Lawler, Ph.D., Quirk, Lawler & Matusky Engineers on the Effect of Entrain

ment at Indian Point on the Population of the Hudson River Striped Bass" 

[i]* was submitted before the Atomic Safety and Licensing Board. This 4 
submission was in connection with hearings before that Board relating to 

*Numerals in brackets [ ] refer to corresponding items in Appendix I, 

References. 3
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the initial testing operation of the Consolidated Edison Company of. New 

York's Indian Point Unit 2 plant. That testimony described a study 

whose chief purpose, like that of the present study, was to evaluate 

the impact of the Indian Point nuclear generating station, comprising 

both the existing Unit 1 and Unit 2, on the Hudson River striped bass 

population. Secondarily, the roles of other existing generating units 

3 on the river were also considered.  

3 The methodology employed is applicable to other estuaries as well as to 

other species of fish. The striped bass was singled out for that study 

I and subsequent-studies because more information is available on this spe

cies than on most other species'in the Hudson River, and also because the 

striped bass is generally considered to be the species of greatest impor

tance in the river.  

Figures 1 and 2 and Table 1 are reproduced from the previous testimony.  

.Figure-1 is a map showing the location of all the electric generating sta

tions which have been operating for a number of years along the Hudson 

River, Figure 2 is a map'showing the location of all such stations, 

I including Indian Point Unit 1, that exist within the reach of the 

river between Coxsackie and Croton Point. This reach is of major concern 

in our studies, since the entrainable stages of the striped bass have 

not been observed outside of it [2 and 27].  

Thus, as Figure 2 shows, three plants. considered in our studies 
were: 

Orange and Rockland Utilities' Lovett generating station, located on the 

west-bank approximately 1.5 miles below Indian Point; Central Hudson 

Gas and Electric Company's Danskammer station, located on the west 
bank 

I
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TABLE 1 

EXISTING HUDSON RIVER STEAM ELECTRIC 
GENERATING STATIONS

Station 
Name

Albany

Danskammer

Lovett

Indian Point #1 
Indian Point #2 

59th Street

Location 
Village or Mile 

Town Point

Glenmont 

Newburgh

Stony Point 

Buchanan 
Buchanan 

New York City

140

Rated 
Number Capacity 

Utility of all units 
Owner Units (Megawatts)

Niagara Mohawk 
Power Corp.

66 Central Hudson 
Gas & Electric 

42 Orange & Rockland 
Utilities

400 

508 

503 

265 
873 

2211

Consolidated Edison 
Co. of New York

5 Consolidated Edison 
Co. of New York

,Total 
Plant 
Flow, 
(gpm) 

352,000 

308,000 

323,000 

318,000 
870,000 

168,000.

Plant 
Temperature Rise 
at Rated Capacity 

( 0 F) 

11.0

14.5 

14.8 

14.0 
15.1 

6.0

Of this total, 4 units, totaling 91 MW, do not employ condenser but provide steam for in-city use.  

2 
Monthly average operation, summer 1969. •



just north of Newburgh and approximately 23 miles north of Indian Point; 

and Consolidated Edison's Indian-Point Unit 1, located on the east bank 

about 43 miles north of the Battery. Field observations reflect the 

impact of these plants since they were in operating during the field 

* work.  

Niagara Mohawk's Albany steam station in Glenmont, New York, and Con 

Edison's 59th Street station in mid-Manhattan are considered to have no 

effect on the early stages of the striped bass since they lie outside the 

relevant reach.  

Table 1 shows the operating characteristics of these generating stations.  

B. MODIFICATIONS AND ADDITIONS TO PREVIOUS TESTIMONY 

The April 5, 1972 testimony was specifically directed at predicting the 

impact on the bass'of one full year of operation of Indian Point Units 1 

and 2. It shows that,:with the maximum entrainment loss possible under 

study conditions, and under the unrealistic assumption of no compensation 

3 in any life stage, one year's full flow operation of Indian Point Units 1 

and 2 could, reduce the population of striped bass aged 1 year or more by 

3about 2.5% to 3.5%.  

* These estimates were derived from an analytical model of the so-called 

"completely mixed" type; the study acknowledged certain sources of 

imprecision in that model. During the last six months, considerable 

effort has been expended by QL&M to refine it. Our objectives included: 

1. Construction of a Hudson River transport model. The Hudson River 

I. is not a completely mixed body, as had been assumed for computa

tional purposes in the earlier testimony, but rather is a tidal



estuary which varies significantly along its length in geometry, 

mixing, and flow characteristics. These characteristics, coupled 

with observed striped bass spawning and juvenile development be- 3 
havior in the Hudson River, necessitated construction of a model 

which could reproduce the changing density (concentration) of 

striped bass at various stages of their life, both along the 

river's longitudinal axis and in time.  

2. Incorporation of the notion of biological compensation into the 

transport and completely mixed models, since any biological system 

must, over a period of time, compensate for new impacts which tend 

to. either increase or decrease the existing population level., 

3. Demonstration of the consistency of the transport model by showing 

that it can reproduce the extensive information on striped bass 

behavior in the Hudson River developed by Carlson & McCann in 

"Hudson River Fisheries Investigations, 1965-1968" [2). 3 
4. Use of the transport model to make a more refined prediction of the 

percentage reduction of juvenile striped bass at various stages of 

development caused by variations in sets of plant operating condi- 

tions, hydrodynamic characteristics of the river, and the move

ments of the striped bass themselves. 3 
5. Incorporation of the transport model into the fish life-cycle 

model to make a more refined prediction of both the short- and 

long-term impacts of plant operation on the adult (1 year and I 
older) striped bass population.  

I



Like that in the previous testimony, this methodology is also applicable 

to other estuaries and other species of fish.  

The data assembled by Carlson & McCann [2] in the years 1965 through 1968 

are used for the striped bass population distribution in the Hudson, al

though the transport model is capable of accepting any set of data on this 

distribution.  

C. REPORT FORMAT AND SCOPE 

This testimony describes the development and calibration of the transport 

model, then uses it to evaluate both the short- and long-term impact of 

continuous two-unit operation at Indian Point on the river striped bass 

population. It is divided into the following chapters, each of which be

gins with a brief summary of its contents.  

1. Chapter II describes the development of the transport model, in

cluding the introduction of compensation mechanisms, and shows how 

this new, more complex model is expected to predict with greater 

refinement the impact of the two-unit operation on the striped 

bass population.  

2. Chapter III gives an account of the selection of model input 

parameters and describes each briefly.  

3. Chapter IV tests the transport model by showing that 
it is capable 

of reproducing the actual behavior of the striped bass 
as it ap

pears in the Carlson & McCann study.  

4. Chapter V, finally, makes use of the model to evaluate 
the impact 

of operation of Indian Point Units 1 and 
2 on the Hudson River
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striped bass population. Estimates of impingement and entrainment 

losses are made by combining the data the model produces with 

measured actual information on the behavior of the fish and the 

river at Indian Point.  

A tabulation of references cited in this testimony and a list defin

ing the symbols used in the mathematical equations are contained in 

Appendices I and II, respectively.  

Figure 2A shows in picture form the whole procedure. First, the model is 

developed as a mathematical statement of the complex interrelationships of 

two large sets of parameters: one embracing all aspects of the life cycle 

of the fish - egg production, survival rates, migration facts, etc., and 

the other embracing physical aspects of the river -its rate of flow, its 

dispersion, its complicated and varied geometry.  

Values for all these parameters are then placed as input-into the computer, 

which solves the equations in the model, producing as output a series of 

values which represent the basic natural conditions we seek to know - how 

eggs, larvae, and juveniles are concentrated in the river at any particular 

time and in any particular place.  

At this point, the model is tested with the Carlson & McCann data; this 

is not a further step in the procedure, but rather a repetition of the 

previous steps from a different direction -the consistency of the model 

is checked by comparing it with a set of measured data.  

Then, a further set of parameters embracing all aspects of plant operation, 

and including various aspects of observed behavior of the fish and the 

river at the site of the plant, is placed as input into the computer.

*1 
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HUDSON RIVER STRIPED BASS 

TRANSPORT MODEL PARAMETERS

ANALYTICAL FRAMEWORK 

AND COMPUTER PROGRAM 

(As outlined in Figure 6)

INPUT PARAMETERS COMPUTER

FISH LIFE CYCLE PARAMETERS 

Z 
o -Total egg production in 
H 
E- the River, spawning 
u initiation date, spatial 

U distribution of eggs and 

Z duration of spawning period 

*Stage duration for eggs, 
larvae, juveniles and 
adults.  

z 
Uo -.Survival percentages for 

eggs, larvae, juveniles and 
adults.  

a * -Minimum unit mortality rate 
>0 for eggs, larvae and juveniles.  

:D *"Eauilibrium" population level 
(c for eggs, larvae and juveniles.  

Z -Time at which autumn juveniles 

- are reclassified to account 
< for the overwintering mode.  

-Fractional distribution of 
2: juveniles (three stages) 

among River segments.  

- Average fecundity of females 

in each adult age class.  

0 -Percentage of mature females.  
E_ Z 

u * -Sex ratio - fraction of females 

to total within an adult age 

class.

"BASE" CONDITIONS 

Distribution of 
organisms as related 
to space and time 
(total in the River 
and for each segment) 

* End-of-stage population.  

CONDITIONS WITH PLANT 
IN OPERATION 

-Distribution of 
organisms as related 
to space and time 
(total in the River 
and for each segment) 

*End-of-stage population.  

IMPACT OF PLANT OPERATION 

* Percentage reduction in 
each life stage.  

- Cumulative reduction from 
the egg stage through young 
of year.  

* Cumulative reduction in 

total population.

MASS TRANSPORT PARAMETERS 

• River freshwater flow 
U as a function of time 

and space.  
z 
0 

z 
0 
in -Mixing or dispersion 

coefficient as a function 
4 of time and space 

~~~ E-River channel character
istics (number and length 

H of segments, cross

u sectional areas, volume of 
of each segment).

PLANT AND *IMPACT PARAMETERS 

- Location of plant in terms 

of River segments.  

E
Z 0 Plant intake flow.  

- Number of years of plant 
operation simulated in the 
model.  

eRate of stage (eggs, larvae 

and juveniles) cropping due 
to plant operation.  

- non-uniform concentration 
of organisms in the River.  

- diurnal variation due to 

E- vertical migration.  

1 - extent of withdrawal zone 

u as related to the total River.  
HZ 

S - intake avoidance mechanisms.  

- population depletion in the 
vicinity of the intake due 
to plant operation.

0

- b • I q
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These computations modify the basic natural conditions so as to produce 

as output a set of "conditions with plant operation." I 
Finally, these two sets of conditions, without and with the plant, are 

compared; the output of these comparisons is the goal of the whole 

procedure: a set of percentage values which describe the impact of 3 
plant operation.  

~i 
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II. DEVELOPMENT OF THE MATHEMATICALMODEL 

INTRODUCTION 

This chapter summarizes the methodology used to develop the Hudson River 

striped bass transport model. A previously developed river transport 

model, which describes the movement of either naturally occurring or in

troduced materials, and knowledge of the stripedbass life cycle in the 

river were integrated to develop the final model, the use of which is de

scribed in Chapter V.  

This chapter is theoretical: it addresses itself to the determination of 

the dominating mechanisms involved. Further details of the system param

eters, their numerical Values, and mathematical analysis are given in 

Chapter III.  

A. THE COMPLETELY MIXED MODEL 

Our testimony of April 5, 1972 divided the first year of life of the 

striped bass into five stages (eggs, larvae, juvenile I, II, III). The 

density of each stage varied with time but was assumed, at any point in 

time, to be the same everywhere within the total volume of the river reach 

in which these stages are known to appear.  

This assumption of equal density everywhere in the river was explained 

physically by presuming that the river was so well mixed that all of the 

fish, regardless of where they were first spawned, upon spawning immedi

ately became uniformly distributed throughout the river.
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This assumption is a common one in making a first estimate of the manner 

in which a body of water will behave when subjected to some external 

influence. It is made because it renders the mathematical description of 

the physical phenomena substantially more tractable, i.e., amenable to 

solution,-than it would otherwise be. This approach is usually justified 3 
as a first step before more complex refinements are attempted.  

In the case of Indian Point anditheHudson River striped bass, it was jus

tified as yielding a conservative estimate of the population reduction, 3 
because: 

It granted each organism in the river an equal chance of being 

entrained.  

It subjected these organisms to entrainment during each moment of 

a 52.5-day period of growth, from the moment of spawning to a 

point where, because of their size (2 inches ±), they were no 

longer subject to entrainment.  

Stated in another way, it assumed that each young striped bass in the 3 
river appeared in the vicinity of Indian Point for the entire first 52.5 

days of its life.  

Offsetting this obvious conservatism are the facts that: I 

The volume used to describe this "vicinity of Indian Point" was I 
actually the total river volume over which organisms in this age 

bracket were known to exist.  

At some stages during this period of growth, the actual concen
tration at Indian Point is higher than the average concentration 

of that life stage in the river.  

Impingement losses were not accounted for.  

The foregoing notion of uniform distribution, with its limited combination 

of conservative and liberal elements, is the sine qua non of the "com- 3 
pletely mixed" model.  I



B. THE TRANSPORT NOTION 

Based upon its geometry and hydrodynamic characteristics, an estuary can 

be segmented by selecting appropriate boundaries for each segment. In 

general, if we know the freshwater flow, dispersion, and channel geometry at 

I the boundaries of each segment, we can predict the transport of a particular 

substance, that is, how it will move within each segment and from 
segment 

to segment.  

3 The Indian Point plant operates on a limited reach of the Hudson River.  

At any given point in time, the Carlson & McCann report [21 shows that 

I concentrations in this reach may not be representative of the various life 

3 stage concentrations occurring in other limited reaches throughout the 

estuary. Consequently, the Hudson River "transport model," which is repre

sentative of variations in river geometry, 
flow, and mixing as they occur 

along the entire reach of interest from Coxsackie to Croton Point, was 

based upon a segmentation which can consider variations in organism be

3I havior from segment to segment.  

Other transport models of estuaries have been constructed by numerous in

U vestigators over the last two decades. The reader is referred to Refer

ences [4], [51, [6], and [7], all of which take some form of the basic 

equations of mass, momentum, and energy transport [8] and utilize these 

equations to develop mathematical descriptions of estuarine hydraulics 

(momentum transport), the transport of physical, chemical, and biological 

water quality parameters (mass transport), and the transport of heat (en

ergy transport).
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Transport models of the Hudson River have been developed by QL&M [9, 10, 

11, 12, 13, 14] and by others [15, 16] to describe the movement of salt U 
and dissolved oxygen, and of introduced materials including organic waste 1 
discharges and heat. References [11] and [12] appear as Appendices J and 

K of Supplement No. 1 to Con Edison's Environmental Report on Indian Point 

Unit 2, September 9, 1971 [17], which appears in evidence in this hearing.  

The transport model employed in this present study is basically an un

steady state, one-dimensional, longitudinally segmented model, in which 3 
the basic mechanisms of transport are advection, or net downstream move

ment by freshwater flow, and longitudinal dispersion, or the net additional 

mixing and dilution of materials due primarily to tidal oscillation and 

salinity-induced density currents.  

Each river segment is capable of receiving as input time-variable flows, 

mixing coefficients, loading, and growth and/or decay rate functions. As 

will be demonstrated later, loading and growth/decay rate functions as 

used in the fish life cycle model are represented by fish spawning be

havior, life stage durations, and stage survival percentages. 3 
Model response is a time-variable concentration profile for each segment, 

resulting in a distribution of the sought-after concentration variable (in I 
this case, each life stage's population density) in both time (days,- weeks, 

and seasons from year to year) and space (river milepoint from Coxsackie 

to Croton Point) as well as a discrete age-group distribution of the 

stage concentration.  

The success of any model is measured in terms of its ability to reproduce 

observed behavior, when the measured external conditions thought to be re- 

sponsible for that behavior are introduced as model inputs. Figure 3 i
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shows the excellent agreement obtained between the measured behavior of 

dissolved oxygen in the Hudson River and the basic transport model's pre

diction of that behavior. It was this known ability of the basic Hudson 

River transport model to reproduce the real river's behavior that sug

gested its use in this project.  

C. THE FISH LIFE CYCLE 

The basic life cycle for striped bass in the Hudson River and time periods 

associated with all of the early life stages are described in the April 5, 

1972 testimony [l] and are shown here in Figures 4 and 5. For any indi

vidual organism, the egg stage lasts about 1.5 days, the larval stage 

about 28 days, and the juvenile I stage about 30 days. I 

A large percentage of the vast numbers of eggs represented by the top cir- U 
cle in Figure 4 never survive, being subjected'to natural mortality via 

settlement into bottom muds, lack of fertilization, predation, etc. These 

losses are depicted on Figure 4 by the double arrow directed outward from 

the cycle at the egg stage.  

The term "present mortality" has been employed in this and successive £ 
stages to represent mortality that now takes place in the river, whether 3 
due to natural or artificial causes such as existing power plant operation.  

This first stage is'also subject to entrainment and some presumed result

ant mortality, when within the influence of plant intakes. This effect is 

depicted by a single bold arrow, also directed outward from the cycle at 

the egg stage.  

Those eggs which survive are represented on Figure 4 as being transferred 3 
into the larval or next stage of the cycle.  I
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ISimilar behavior of present and plant-induced mortality as well as sur
3i vival and passage into the next stage are shown in the larval and juvenile 

stages. Plant-induced mortality is shown to include impingement on fish 

screens as well as entrainment into the circulating water system.  

1 Three consecutive sub-stages of the juvenile stage are recognized, as 

shown in Figure 4. These are: 

1. The juvenile I stage, JI' or so-called non-screenable juveniles.  

3 This stage begins at the end of the 28-day larval stage and con

tinues for one month (30 days). This has been chosen as the 

length of time during which juveniles are still entrainable, or 

3 non-screenable. At the end of the 58-day post-egg development 

stage, the young juveniles have reached approximately 1.5 to 2 inches 

in length and at that point are no longer considered entrainable.  

1 2. The juvenile II stage, JII' beginning at the end of the JI stage 

and lasting through November 30th. These are termed screenable 

m juveniles, migrating mode, and represent the young of the year 

which appear in nursery areas along the river between Coxsackie 

and Croton Point from mid- to late summer and then in the fall be

£ gin to move downriver toward Haverstraw Bay.  

1 3. The juvenile III stage, JIII' overwintering in the river, probably 

primarily in the region of Haverstraw Bay, between December 1st 

and May 9th.  

It is realized that, biologically, the juvenile stage lasts until the at

tainment of sexual maturity. For the striped bass, the first significant 

female maturity is believed to occur in the four-year-old fish. The term 

I,
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"juvenile" as used in this testimony, however; represents only that stage 

of the life cycle between the larval stage and the completion of the first 

year of life. These "juveniles" are potentially subject to damage by the 

plant.  

After reaching the age of one year, the fish are no longer subject to en

trainment nor, for the most part, impingement. Therefore, the population 

of these immature fish has been lumped together with the mature adult 

population, and the abbreviated term "adult population" employed to repre

sent all fish one year old or more. These two groups, taken together, 

represent the bass population that, although not directly subject to dam

age by the plant, may yet feel the impact of direct damage to early stages.  

Some four-year-old females are sexually mature and so, from that point on, 

adults are shown in Figure 4 to be contributing to the egg complement, 

thus completing the cycle. " 

A more detailed description of these two figures is given on pages 7 

through 10 and pages 30 through 33 of our April 5, 1972 testimony [1].  

D. INTEGRATION OF TRANSPORT NOTION AND FISH LIFE CYCLE.  

The overall approach to modeling the Hudson River is depicted in Figure 6.  

This figure and a detailed development of the basic transport model in

cluding a description of the mathematics employed are given in Chapter V 

of Reference [14].  

The work presented in Reference [14] was done for the Pure Waters Division 

of the New York State Department of Health (now a division of the New York 

State Department of Environmental Conservation). The NYSDEC-model 3 
,I
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delineates the river response in terms of BOD concentrations, via its 

transport mechanisms, to industrial and municipal organic waste loads, and I 
yields the resulting impact on the river's dissolved oxygen profile.

In particular, the derivation delineated in Reference [14] is generalized 

to apply to mass or energy transport, and in its general form includes 

terms that describe dispersion, advection, production, and decay within 3 
the segment volume (whether chemical, biochemical, biological, or physical 

in nature, and whether dependent on the constituent concentration in ques- 3 
tion or on another). Also included are terms relating to production and 

decay at the river surface and bottom, and gain or loss of matter or en

ergy with time. 3 
This work was the point of departure for the construction of our present 

Hudson River striped bass transport model which integrates the transport 

notion with the fish life cycle.  

Figure 7 is a continuation of Figure 6 and depicts the parameters of each 3 
input system. The system of fish life cycle parameters and the system of 

mass transport parameters have been combined to develop the input required 

for the striped bass transport model.  

Figure 8 delineates the various steps involved in modeling the striped 

bass behavior. A brief description of these steps and of physical com

plexities in the striped bass behavior is given in the remaining sections 

of this chapter.  

0t 

I
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E. TRANSPORT MODEL MODIFICATIONS I 
Modeling striped bass behavior in the Hudson River involved substantial 

modifications to the basic model presented in Reference [14]...- Some of 

these modifications were improvements in solution and computer programming 

techniques. The model also had to recognize certain complicating physical 

3 factors in striped bass behavior, for which there was no analogue in any 

of the previous Hudson River modeling efforts. These included: 

1. The fact that the fate of any day's egg complement could not be 

3 simply considered as following a continuous decay function; in

stead, the eggs remaining'after a 1.5-day period of life had to be 

considered as survivors and were then transferred to a larval 

V stage. Similar statements hold for the larval and each of the 

juvenile stages considered.  

2. The fact that, with each successive day of life, the young fish 

becomes more and more the master of its own fate and less and less 

inclined to respond passively to the river transport mechanisms.  

3. The fact that compensatory mechanisms always involve non-linear or 

density-dependent behavior.  

4. The fact that a feedback system was involved, i.e., the adult 

striped bass, the result of prior years of spawning, eventually 

mature and reproduce. This completes the life cycle.  

The manner in which each of these complicating factors was accommodated in 

* the model is briefly discussed below.  

I
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1. Transfer of Survivors to the Next Stage - The Age Distribution 

Notion 

The treatment of passage of survivors from one stage into the next was 4 

relatively easy in the completely mixed model described in our April 5, 

1972 testimony [] because the water body was completely mixed and the I 
kinetics were linear since no compensation was involved. In the 

transport model, however, it is necessary to know where the.egg, larva, 3 
or juvenile is when it is ready to be identified as entering-the next 

stage of life. At any point in calendar time, and in any river seg- 3 
ment, we must be able to identify the relative numbers of eggs of dif I 
ferent age groups. Similar statements hold true for each successive 

stage. 3 

In particular, in order to provide the proper transfer rates in the 

proper segments at the proper time, it was necessary to divide the egg 

stage into a discrete set of age groups (15 in all were chosen) and to 3 
compute the distribution in time and space of each age group, using 

the basic set of equations of mass transport for the estuary. 3 
The same analysis was applied to the larval stage except that age 3 
groups were divided into 0.5-day intervals for a total of 56 age 

groups.  

2. Modeling of Juvenile Migration I 

In modeling the juvenile I stage (30-day period extending from day 30 

of life to day 60 of life), the mechanisms of advection and dispersion 

were replaced by the notion of migration. At this stage of 

I
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3.  
post-larval/early-juvenile development, the fish are capable of self

movement and can either remain stationary in moving water or migrate 

9 to other areas (i.e., segments) in the system. In modeling the migra

tion, it was assumed that juvenile I's migrate to given areas of the 

Hudson. This distribution can be represented by giving a migration 

preference to each segment. This is simply the relative fraction of 

juvenile I's which exist in each segment during the latter part of 

3 their existence, i.e., prior to their classification as juvenile II's.  

Computation of migration preferences is given in Section A-3 of 

3 Chapter III.  

3 Since the juvenile I and II stages overlap in time, it was decided to 

utilize actual (sampled) distributions of juvenile I's near the end of 

their "last appearance" during the year to represent that distribution 

which all juvenile I's tend to seek, even though the "first appearing" 

juvenile I's would transfer to juvenile II before this time. This was 

3 done to simplify the mathematics and programming.  

3 The juvenile II and III stages were handled in a similar manner except 

that migration was used as an alternative mechanism, i.e., their 

3 stages may either migrate or remain stationary in the same segments.  

3 3. Compensation Mechanism 

The notion of compensation has been introduced in our early testimony 

[11 wherein it is shown that, rather than simply being a possibility, 

compensation must occur in the type of biological system under consid

0 eration in this study.  

I
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Use of non-compensatory survival kinetics would result in either un

bounded growth or unbounded decay when the random nature of the real 

system is modeled. Furthermore, it was shown that the introduction 

into the model of any perturbation or external influence, however 

small, that tends to reduce the population will drive the population 3 
to extinction if the model employs only non-compensatory survival 

kinetics. 3 
The reader is referred to References [18] through [23] in which the 3 
notion of compensation and mechanisms similar to the one used herein 

are discussed. Nicolson [18]* writes: 3 
"However, abundant evidence is provided by both field 3 
and laboratory studies showing that the populations of 

many different kinds of animals possess the ability to 
adjust themselves to great changes in their environ
ments .... this ability is possessed by all persistent 
populations .... An inherent difficulty with field stud

ies is that the observable events in natural popula

tions consist largely of end results, and the situation I 
in the field is generally so complex that it is diffi
cult to identify with certainty the underlying causes 
of many of the observed events." 3 

and concludes: 3 
"In brief, it is the innate ability of animals to pro

duce a surplus of offspring which enables populations I 
to persist in spite of adverse environmental factors 
which cause heavy mortality, or which seriously inter

fere with reproduction, provided these are not so 

severe that they cause the number of mature offspring 
to be less than the number of parents, when averaged 

over a long period. When adverse factors are less 

*Similar statements appear in [21] on pages 306-307, in [22] on page 332, 

in [191 on pages 28-29, 59, in [20] on pages 655-657, and in [23] on 

pages 275-278. We have selected these since it succintly propounds the 

notion of compensation. .
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3.  
severe than this a population will tend to increase 3progressively, but increasing density induces adverse 
effects which oppose population growth with progres
sively greater severity, so preventing further growth 
when the intensity of this induced opposition, combined 

with that of the inherent environmental resistance, just counter acts • the innate ability of the animals to 

multiply. Consequently any species automatically ~adjusts its density in dfentpasand in the indifferent places, adi h 

same place at different times, in relation to the pre
vailing environmental conditions; and it maintains a 
state of stability under all conditions which are not 
inherently intolerable. This mechanism may enable 
populations to remain in being in spite of great 
changes in the environment, without any necessity for 

the development of new adaptations." 

In the early modeling effort, the mathematical expression chosen to 

account for the natural mortality of fish in each stage of life was 

the so-called "first order" or "exponential" decay function. This 

simply states that the unit rate of decay is directly proportional, 

i.e., proportional to the first power of the remaining concentration 

3 of material. In our case, the unit rate of decay is the rate of death 

of fish per thousand cubic feet of Hudson River water. The "remaining 

3 concentration of material" is the surviving population of fish, again 

on the basis of a unit volume of Hudson River water.  

First order kinetics is very commonly assumed to describe both growth 

I and decay in many physical, chemical, and biological systems [24 

3 through 26] because, over the range of populations of organisms or 

concentrations of substances being studied, the data on rate changes 

in these populations often can be fitted well to a first order 

function.  

This does not mean, however, that first order kinetics describes what 

is actually taking place within the system. Most authors in the 

I
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references cited (see, for example, page 329 of Reference (24], page 

47 of Reference [25], and pages 28-39 of Reference [261) are careful 

to point out that first order behavior is simply an empirical overview 

of what in reality is usually a far more complex phenomenon. The lit

erature on enzyme kinetics, for example, beginning with the original 

kinetic expressions of Michaelis and Menten [27] and continuing to the 

present day, shows clearly that the more accurate description of 

kinetic behavior over the whole range of enzyme and substrate concen

trations involves expressions that reduce to first order behavior for 

certain limited ranges only. 3 
Quantitative accounting for compensation in biological systems is Sim

ply a recognition that, as in other physical systems, first order I 
kinetics cannot be employed to describe survival kinetics over the 

whole range of population. This recognition requires that rather than 

using the simple first order decay function exclusivelyto describe3 

natural survival behavior, a more complex expression must be employed.  

This expression should reduce to the first order function over the 

range of populations where such is appropriate, but should also recog- 3 
nize the tendency of the system to compensate itself when driven sub

stantially beyond this range in either the direction of increased
' 

populations or in the direction of decreased populations. This is the 3 
concept of homeostasis or 'biofeedback', that is, that a living system 

tends to be self-stabilizing.  

The first order decay expression is written: 

Rate of mortality, fish/unit volume/day = -KEN 3 
E
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I.  
in which: 

N = number of fish per unit volume of water 

KE = unit first order decay rate, a constant having the units 

of days-I .  

This expression was used in the early modeling to describe the natural 

3 mortality behavior in any life stage. The numerical value of KE is 

obtained when the duration of the stage in days and the percent sur

I vival for that stage are known.  

* The kinetic expression employed in the transport model was developed 

by employing the first order form, in which a general rate coefficient 

I K, rather than the constant KE, is introduced and is allowed to vary 

Vwith fish concentration.  
For any stage, K is varied with the prevailing concentration so that 

the rate of mortality in that stage increases with increasing concen

3 tration (due to crowding, less food per unit number of fish, more food 

[fish] for predators, etc.) and decreases with decreasing concentra

3 tion for the converse reasons. Thus, the concept of homeostasis is 

preserved in the model.  

The functional form chosen for variation of K is: 

I 
3K KE1 + (KE-K ( N )............(1) 

in which: 

K = generalized unit mortality rate, day 

KE = conventional first order or "equilibrium" rate, day
-1 

U
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KO = minimum unit mortality rate consistent with system biol

ogy, day
-1 

Ns = "saturation" or equilibrium population level, fish per U 

unit volume 

N = actual fish concentration at any point in time (week and 

year) and space (river location) U 
This kinetic model has been developed after extensive review of popu

lation dynamics literature [18 through 23]. Many of the concepts de- 

scribed herein are presented in these earlier references in a largely 

qualitative fashion; they have been quantified here. A brief de- m 

scription of early stage and adult compensation mechanisms is given 

below.  

a. Compensation in the Early Stages I 

Figure 9 which is a graphical representation of the behavior of Equation 

1 for a given set of rate constants (KE, Ko, Ns) shows how the gen

eralized rate coefficient, K, varies with population density. Ex

planation of the behavior of Equation 1 and Figure 9 follows. 3 
Consideration of Equation 1 shows that when the actual population, N, 

is equal to the "saturation" population, the K rate reduces to the 

constant KE, signifying normal first order behavior. 3 
What we are saying is that, on a long-term basis, exclusive of the 3 
plant's effect, we are considering the estuary juvenile striped bass 

population to have reached some "saturation" or "equilibrium" level.  

This does not imply that the estuary can never support more life - it 

simply says that for the existing set of background conditions, i.e., 

conditions both natural and man-made that exist prior to the operation 3 
I
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of the plant, the river is "in balance" or is supporting that level of 

life which it is capable of supporting, considering all the external 3 
factors, both good and bad, that presently exist.  

These include, for example, the possibility that railroad construction 

before the turn of the century on both sides of the river may have cut 

off some natural nursery areas, that the Sacandaga and Indian Lake 

Reservoirs in the Adirondack Mountains near the headwaters of the i 
Hudson are probably posing a different freshwater regime than once ex- 3 
isted, etc.  

Whether we are close or far from the theoretical ultimate saturation 

that might be reached under the best of conditions is beside the 3 
point. We are only interested in saying that before a specific new 

influence enters the river, the river is probably not in a state in 

which significant departure from a balanced population exists.  

The mathematics chosen represent this notion quite well. The plateau 

shown in Figure 9, extending over a concentration range of .42/TCF 

cubic feet to .68/TcF cubic feet of juvenile I's, and in an approxi- 3 
mate sense over an even broader range, corresponds to the saturation 

level. The decay rate is constant at .0536 day-1 , the chosen value of 3 
KE. Note that this corresponds to 20% survival over 30 days of life of 

any juvenile I complement. The kinetics over this relatively broad range 

are essentially first order, the system is in relative balance or at rel

ative equilibrium, and there is little active compensation. The important 

point is that this numerically apparent non-compensatory behavior 

is occurring over a relatively broad range centered about "existing" I 
I
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conditions in the river.  

This notion is shown again in Figure 10 where survival rate versus 

concentration is plotted. The daily survival rate at which relative 

equilibrium is attained for this stage is .948. Note that the carry

3 ing capacity concentration satisfying this plateau is in the range .42 

to .68 per one thousand cubic feet for given values. On either side 

of this plateau, we observe either an increase or decrease in survival 

of existing concentration. Survival increases to compensate for lower 

concentration and decreases to compensate for higher concentration.  

Now, Equation 1 also indicates that as the fish concentration drops 

off, because of induced population-draining effects, the rate ofmorn

tality, K, continues to decrease until a minimum rate of mortality, Ko, 

is reached. .K approaches Ko as the population decreases toward zero.  

Thus, Ko may be interpreted as the minimum rate of mortality that will 

exist in the system when population influences on mortality (competi

tion for food, availability to predators, etc.) are eliminated.  

3 In this sense, KO has the same system interpretation as does KE and 

Ns, i.e., it is representative of the "now" condition in the estuary, 

Staking into account all positive and negative, natural and man-made 

influences on the system.  

Equation 1, therefore, shows that, as concentrations are reduced by 

plant effects, the mortality rate due to other effects will decrease, 

thereby compensating partially for the smaller numbers by allowing a 

larger fraction of the fish that remain to advance to the next stage.  

U.
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This will only partially offset the effects of the plant, since each_ 

early stage is subjected to either entrainment or impingement by the 

plant.  

Note that in the presence of a factor which will tend to increase 

population, such as a year in'which "everything is right,", the mortal

I ity rate, K, will exceed KE and -the tendency to increase the population 

3 will be controlled. Thus, compensation can be seen to be the mechanism 

which keeps a fluctuating population under control. The fate of a 

fluctuating, non-compensating feed back system is discussed in detail 

in the early testimony.  

In summary, then, Equation 1 was chosen to represent background or 

existing survival kinetics in the model because it operates in a nor

mal first order fashion about existing concentrations and will permit 

partial compensation if significant departures from existing levels 

occur upon introduction of newa influences. Selection of the specific 

rate coefficient to be used in each life stage is discussed in Section 

3 A-2 of Chapter III.  

3 b. Adult Compensation 

3 The plant does not affect adults directly via impingement or entrain

ment. To offset a lower zero-year class recruitment, compensation 

may occur, over several years, in the adult classes. The reduced 

number of adults may be balanced by greater survival among the remain

ing adults, an earlier onset of maturity, increased fecundity in cer

tain year classes, and possibly a change in the sex ratio to yield a 

higher ratio of females to males, giving a more fecund population per 

3 adult class.
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To date, adult compensation generally has not been applied in our use of 

the transport model. However, we have incorporated in the model an 

ability to compensate in the adult stages, for possible future use.  

The mechanism chosen to compensate for adult reductions is a variation 

of the previous compensation-mechanism. Without compensation, adult 

mortality is modeled as a first order reaction such that the fraction 3 
of year class i that survives is: 

-KiA t -Ki 365 

exp = exp 3 

in which Ki equals the first order removal rate for that age group.  

Since behavior of the adults within the year is not of concern in the 

cycling model, any expression for survival could have been used which 

would reduce to the estimated age group survival. 3 

Adult compensation is quantified in the model by modifying the first 

order K once at the beginning of the year, based on the initial number 3 
(NABi) of adult fish in year class i, i.e.: 

~I 
K A = KEAi + (KEAi  K KoAi! NSAi /.. (2) 

in which: 

NAB. number of adults in year class i at start of year.  

NSA i  =the characteristic saturation or carrying capacity 

constant for that age group. This is equal to the 
population of that year class at the beginning of @ 
the year when the plant is not operating.  

I
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K0  , KEA =the unit mortality rates at NABi=O and NSAi , 
o KAi respectively.  Ai 

KA = the overall adult mortality rate during the ith year.  

Since, over the full year, K is equal to the Ki (above) for adult age group 
-KA365 

i, this amounts to varying the overall yearly survival (e ) with 

the recruits to the year class (NABi). This differs from early stage 

compensation in that the instantaneous daily survival rate is con

tinually modified as a function of the current stage concentation.  

The adult compensation mechanism was applied to the first three year 

groups only. The remaining nine age group-(4-12) survivals were 

3 assumed to remain constant.  

c. Life Stage Cycling 

Figures 11 and 12 show the 1967 predicted 
estuary average between,'.  

Coxsackie and Croton Point and a typical predicted segment average 

(Peekskill). These depict the occurrence of early life stages of 

striped bass development from the spawning of eggs to adulthood in 

the estuary. The curves exhibited are based upon predictions generated 

by the computer runs of the transport mathematical model from the 

workup of actual data contained in the Carlson & McCann report. Each 

curve represents a different stage of development. Note there are 

five curves predicting the egg, larvae, and juvenile I through III 

distributions in time.  

Between egg and larvae, larvae and juvenile I, juvenile I and juvenile 

II, there is an overlap of curves due to the duration of these life 

stages. These overlaps can b6st be understood by reference to Figure 5.
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For example, if eggs are spawned in a 49-day period and exist in this 

stage for 1.5 days before transferring to the next life stage (larvae), 

eggs will be present for approximately 50.5 days, following which there I 
will be no further egg stage.  

Larvae should appear on day 1.5 and will be in the estuary a minimum 

of 29.5 days (from time 0) before transferring to the juvenile I stage.  

At 78.5 days (from time 0), all larvae will have transferred to the 

juvenile I stage. Similarly, juvenile II's will begin to appear on 

day 59.5 if the duration of juvenile I is 30 days. The last juvenile 

I's will transfer to juvenile II's on day 108.5.  

on day 209 (December), all juvenile II's are reclassified as juvenile 

III's since it is assumed that they begin an overwintering mode and 

are subject to different mortality. At the and of the cycle, day 365, 

they represent recruits to the adult population, age group 1.  

After the concept of compensation is introduced, the program is readyI 

to cope with the cycling of the newly-generated eggs through juvenile 

and early adult stages. This cycling is the method by which the growth 

of the organisms from eggs through adults is modeled. Figure 8I 

illustrates stage progression and cycling as these steps occur in the 

transport model.I 

The transport model generates recruits to age group 1 (one year old) 

of the adult striped bass contingent. If an adult population does4 

not currently exist, the value generated coupled with survival rates 

obtained from the equilibrium condition is used to generate an adult 0
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3 population, age groups 2-13. If a population does exist, adult 

groups 1 through 12 are decayed to their 
respective succeeding adult 

classes and the age group 1 generated by the transport model 
is 

updated.  i 
Given an existing adult striped bass population, 

if we know the ratio 

i of females to the total and their average fecundity and maturation 

within each age group, we can predict the total number 
of eggs that 

will be produced by this population. We can then recycle this total 

3 number through the transport model to generate a new one year 
old 

group.  

F. INTRODUCTION OF PLANT AND IMPACT PARAMETERS 

The model as outlined above produces as output 
a description of the "base 

conditions" of the river. But the goal is a description of conditions in 

the river with the plant in operation. These conditions are obtained by 

adding as further inputs the parameters of plant 
operation and impact, and 

are illustrated in Figure 13, which is an expanded 
version of Figure 7 and 

I includes the plant and impact parameters. It also shows a third set of 

model output parameters which delineate the impact 
of plant operation.  

Figure 13, therefore, shows all of the interrelationships 
among the vari

ous dominating mechanisms this chapter has described.  

The dominating mechanisms of plant impact 
are entrainment and impingement.  

"Entrainment" applies to the egg, larval, 
and early juvenile stages, in 

which the fish can pass the 3/8-inch mesh traveling 
screens and be sub

jected to mechanical, pressure, and temperature 
stresses as they pass 

U. through the pump and condenser. "Impingement" applies to the later juve

nile stages, in which the fish cannot pass 
the traveling screens, but are
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I.  
caught on them. The following analysis applies, in general, to either 

case, and therefore is applicable to all five early (zero-year) stages.  

Movement of any stage into the intake is defined as the number of organ

isms entering the intake (passing the bar racks) per day. Let the concen

tration (numbers per unit water volume) of any stage, i, in the water 

Imoving into the intake be given Ni . Then the movement of organisms into 

the plant intake is given as: 3 "u 
intake movement, stage i = Qp Ni 

3 in which: 

Qp = plant flow, in thousand cubic feet/day (TCFD) 

Ni = concentration of stage i in intake flow, number/thousand 
cubic feet (#/TCF) 

The reduction of the population of any stage by entrainment or impingement 

is defined as the number/day flowing into the intake that are actually 

cropped as a result of that movement. This can be expressed in terms of 

the number entering the intake as follows: 

number cropped per day = fci Qp Ni 

in which: 
•th , 

fc. = cropped fraction of the i- stage. The parameter "Ifc is 

f determined by sampling the intake and discharge and then 

comparing intake and discharge survival percentages.  

The concentration "Ni" may be related to the river concentration, Ni , but 

cannot be set equal to it for the following reasons: 

1. The river concentration is not uniform. The non-uniform distribu

tion is due in part to the reported vertical diurnal movements of 

the young striped bass.  

2. The plant draws the major percentage of its water from that por

tion of the river in the immediate vicinity of the intake.
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3. The river concentration in the immediate vicinity of the intake 

may contain members with an inherent ability and tendency to avoid 

the intake.  

4. Organism population in the near vicinity of the intake may not be 

replaced, once it is removed by the plant.  

The transport model predicts the so-called "area-average, tidal-smoothed" 

concentration at any time (calendar date or days from commencement of 

spawning) and at any section along the river's longitudinal axis. "Ni" is 

evaluated by relating it to the area-average concentration Ni(x,t) as 

follows: 

= fli * f2i f3 N .. ............... (3)

in which:

f ratio of the daily average river concentration of stage i 
1 in the general vicinity of the intake (east bank, upper 

layer), to Ni .  

f2 = ratio of the actual intake concentration to f i * Ni, 
1 under existing conditions of operation.  

f3i = f3i(Qp). A factor which recognizes population depletion 
in the immediate vicinity of the intake may not be immedi
ately replenished.  

Depletion of the area-average river concentration at Indian Point, Ni' 

causes the dispersion mechanism to transport more of the depleted stage 

into the Peekskill segment toward the Indian. Point section. This presumes 

that the stage undergoing removal at Indian Point is subject to the same 

dispersion mechanisms as are soluble river substances such as salt. This 

assumption is considered to be quite conservative, particularly in the 

later stages when the fish are not planktonic. Recognition of this con

servatism is treated, at least conceptually, by the introduction of the 

factor "f3i."
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Evaluation of these "fl" factors for the case of operation of Indian 

Point Unit 2 is discussed in the next section. Substitution of Equation 

11 in the expression for removal yields: 

Rate of stage cropping 

due to plant operation = fi f2i "f3 i  fci Qp Ni 

This expression is incorporated into the material balance statement 
for 

transport in and out of the Peekskill segment. The model is then run for 

the case of Indian Point operating by assigning the selected (non-zero) 

numerical values to each "f" factor for each stage.

I
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Ie 
III. SELECTION AND DESCRIPTION OF SYSTEMPARAMETERS 

INTRODUCTION 

Chapter III complements Chapter II. The theoretical description of the 

development of the striped bass transport model presented in Chapter II is 

here amplified with detailed descriptions and numerical values of all the 

parameters introduced into the model. As Figure 2A in chapter I illus

I trates, these are of three basic types: fish life cycle parameters, mass 

3 transport parameters, and plant and impact parameters. Each type is dis

cussed in sequence in this chapter. Section A on fish life cycle parame

ters is further subdivided into four classes of parameters for individual 

discussion. Section D, the final section, deals separately with the de

termination of the impact parameters called "f" factors, which were ini

3 tially described in the last section of chapter II. The numerical values 

are presented largely in table form throughout the chapter.  

I A. FISH LIFE CYCLE PARAMETERS 

SFor convenience, the fish life cycle parameters are grouped as shown below 
and in Figure 11 in Chapter II: 

1. Egg production parameters consisting of total egg production in 

the river, spawning initiation date, distribution of eggs in time 

and space, and duration of spawning period.  

2. Age distribution. Methodology employed in all stages is described 
using the egg stage as typical.  

3. Survival rates,and stage duration parameters. Comparisons are made 

to values employed in the previous testimony.  

4. Compensation parameters. Compensation parameters include minimum 
unit mortality rates and "equilibrium" population levels for eggs, 

larvae, and juveniles.  

I
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5. Migration parameters including time at which autumn juveniles are 
reclassified to account for the overwintering mode and fractional 
distribution of juveniles in river segments.  

6. Life Stage cycling parameters including fecundity of females, 

percentage of mature females, and sex ratio, i.e., fraction of 

females to total within an adult age class.  

I 
Numerical values and descriptions corresponding to these parameters are 

given below. I 
1. Egg Production Parameters 

The first step in obtaining the rate of spawning, or production of 3 
eggs, is the selection of the defining differential equation for the 

spawning, mortality, and hatching of eggs in each segment of the 3 
river. This is written: 

d NEi 
dt - P1'(t) -KE. NE.- [Pi'(t- AtE)] exp (-KE-AtE) .... (4) 

in which: 

NE, = spatial average egg concentration in the ith segment.  
Carlson & McCann egg concentration data in each segment I 
were used to evaluate (NEi).  

Pi' (t) = spawning rate in the ith segment, expressed as eggs I 
spawned per day per thousand cubic feet. Equation 4 is 
to be solved for this parameter.  

KEi = first order mortality rate for eggs. This is selected as I 
constant for the eight sections. The value selected is 

1.53 day-1 and corresponds to an egg survival of 10% in 
1.5 days.  

AtE = the egg life stage. A value of 1.5 days was selected.  

The methodology involved in the construction of Equation 4 is pre

sented in the testimony of April 5, 1972 [1]. Equation 4 presumes 3 
that no eggs enter or leave the segment during the incremental period 

of 1.5 days. The average value of P'(t) over a selected time interval I
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(At) can be obtained by writing the integral form of Equation 4 as 

3 follows: 

t+At t+At 

[P'(t)] At = P'(t) dt = NEt+At - NEt + KE f NEt) dt 

t t 

term (1) term (2) 

t+At 

+ exp(-KEAtE) P'(t-AtE) dt 

* t 

term (3) (5) 

Iin which: 

term (1) = measured concentration difference between time (t) 
and time (t+At) 

3 term (2) = mortality occurring over the time interval (At) 

term (3) = hatching of live eggs occurring over the time 

interval (At) 

3 Graphical-numerical computational procedures were employed, using the 

actual 1967 Carlson & McCann egg data (their Appendix 3-1). For the 

3 weekly values reported in Carlson & McCann's Appendix 3-1, an egg ges

tation period of 1.5 days and an egg survival of 10%, a total river 

egg production of 1.9 billion eggs was obtained, along with the frac

tional distribution of this production in time and space.  

Tables 2 and 3 give the fractional time and space distribution of the egg pro

duction to account for each segment and each week of spawning between May 3rd 

.and June 24th. These fractional values are multiplied as shown at the bottom of 

U



TABLE 2 

FRACTIONAL DISTRIBUTION OF EGG PRODUCTION 
(FROM 1967 HUDSON RIVER STRIPED BASS DATA)

TIME DISTRIBUTION OF

Calendar Time

7 - May 

14 - May 

2 1 - May 

28 - June 

4 - June 

11 - June 

18 - June

Total

TOTAL ESTUARY EGG PRODUCTION 

Fraction of Total Starting 
Egg Production, FE Time, ts 

(Days) 

.0536. 0 

.0243 7 

.2361 14 

.4482 21 

.2365 28 

.0000 35 

.0013 42

1.0000

Week 

2 

3 

4 

5 

6 

7

May 

May 

May 

May 

June 

June 

June

Ending 
Time, te 

(Days), 

7 

14 

21 

28 

35 

42 

49

3 
em 

N 

T 
I 
I 
I 
I 
I 

4.  
I 
I 
I 
I 

I 

4 
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TABLE 3 

FRACTIONAL DISTRIBUTION OF EGG PRODUCTION 

(FROM 1967 HUDSON RIVER STRIPED BASS DATA) 

WEEKLY SPATIAL DISTRIBUTION (BY RIVER SEGMENT) 

Fraction (fs;) of Each Week's Production Assigned to Each Segment

Coxsackie Saugerties Kingston Hyde Park 

.0 .7681 .0086 .1886 

.0 .0 .0 .8190 

.0 .6407 .0360 .0392 

.0 .4300 .0455 .2587 

.0 .0 .0302 .4902 

.125 .125 .125 .125 

.0 .0 .0 .0 

Daily Egg Production Rate 
Introduced to Transport Model Segment i

Marlboro 

.0307 

.0 

.0 

.0517 

.1763

Week 

2 

3 

4 

5 

6 

7

Cornwall' 

.0040 

.1237 

.1178 

.1521 

.2882

.125 

1.0 

109te FE )

Croton 
Peekskill Point 

.0 .0 

.0573 .0 

.1663 .0 

.0620 .0 

.0151 .0 

.125 .125 

.0 .0 

fsi

.125 

.01 

= 2.1 x

Total 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000

1.0000 

1.0000

F
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Table 3 to obtain the egg production rate in eggs/segment/day. This 

result is input to the egg stage of the transport model to initiate3 

transport model calculations.  

Table 3 shows that a value of 2.1 billion total eggs was used as total 

production instead of the 1.9 billion originally calculated. The.I 

total egg production was adjusted to the value of 2.1 billion eggs to 

permit a better fit in later use of the transport model. This adjust

ment simply reflects the neglect of transport in Equations 4 and 5, as3 

well as the fact that later comparisons are made against Carlson & 

McCann's Figure 8, which itself represents a smoothing of the data in3 

their Appendix 3-1.  

The Spawn time was extended from 37.5 days to 49 days to account for the 

slight additional spawning in the last two weeks, The egg complement 

was increased from the 1.8 billion value used in the earlier testimony3 

to 2 .1 billion to provide better agreement with Carlson & McCann 

survey data on-egg comentration in conjunction with the assumed 10%3 

egg survival.  

2. Age Distribution 

Chapter II (item 3b, Age Distribution) described the necessity for 

breaking population of each stage into a sequence of ages to permit3 

proper tracking of the movement of each fish along the river as it 

ages. The procedure employed, and selection of age increments, 

are described below for the egg stage. Age distribution treatment 4 
for the other stages was similar.



3 -38

In the April 5, 1972 testimony, the fate of each individual day's egg 

3complement was evaluated-first, and it was then shown that the total 
number of egg survivors, i.e., hatched larvae, could be obtained sim

ply by knowing the egg survival rate and the egg production rate over 

the period of the spawn (Equations 5 through 7, pages 20 through 22, 

IReference [1]). Similar statements were shown to be true for subse

3 quent stages.  

3It was noted, however, that "additional complexity in computing sur

vival is to be expected when compensatory, i.e., density-dependent or 

3 non-linear, rate mechanisms are employed." 

3Consequently, for the present model the river was divided into eight 

segments between Coxsackie and Croton Point as defined in Section B of 

this chapter. The approximate midpoints of these segments correspond 

to the-,eight sampling locations described in the Carlson & McCann 

3 report.  

3In general, the survivors of each successive egg complement may have a 

*different distribut .ion at the time of passage to the next stage be

cause flows and mixing mechanisms vary as time moves on from May 

3 through June.  

3 Thus, rather than being able to characterize the egg behavior in each 

segment simply in terms of a single time-variable egg production func

tion (P(t) in Reference [1]) and a single-life stage duration and sur

vival percentage, it becomes necessary to keep track of the age 

distribution of eggs at any time in any reach.
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The 1.5 day egg stage was first divided into 15 age groups, each ofg 

which has a life of 0.1 days. Then the rate of spawning was computed N 

and intorduced into each segment. The transport equations were then 

applied to each age group 1 (0 to 0.1 day) in each segment for each 

separate egg drop.  

Age groups 2 to 14 were handled in a similar manner except that the 

generation term in the transport equation for each new age group was3 

the number of survivors from the previous age group which survived a 

0.1-day time interval, i.e., the production term for age group 1 is3 

the egg production rate, and the transfer term to age group 2. is the 

number of survivors, each survivor appearing in its appropriateI 

segment.  

The production term in the transport equation for age group 15 (1.4 to3 

1.5 days old) is the transfer term of age group 14. Finally, the 

transfer term of age group 15 is the. larval production term because it3 

represents those survivors of age group 15 or those survivors of 1.5 

days of age. These survivors have been traced properly in distance 

and in time so that the larval generation has been properly distrib- 3 
uted among the estuary segments.  

3. Survival Rates and Stage Durations 

Previous testimony presented stage lengths and survival percentages.  

Chapter II of this testimony restates the stage durations and illus

trates them in Figure 5. Several ) relativ ely minor changes are made 

in these parameters. A comparison of values selected in April to3 

the present values is given in Table 4.
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f Stage lengths were chosen as time lengths over which, comparatively r constant behavior is exhibited.  

3 Egg stage length is known to be in a 1 to 3 day range. 
Larval stage 

length is chosen to represent the period over which larvae 
are mainly 

I planktonic and more or less at the mercy of their 
surroundings. Lar

3 val stage length used in the April 5, 1972 testimony was 21 days.  

However, examination of the Carlson & McCann data indicates that.*28 

3 days is a more realistic number. Therefore, it was used-in the trans

port model, as Table 4 shows.  

The differences in other stage lengths follow from the change 
in 

the larval stage length.  

3Juvenile I stage length is chosen to be that span of time from when 
self-determination (migratory swimming ability) begins to be 

the rep

I resentative behavior to the time at which their 
size will prevent 

3 entrainment through a plant intake screen. Juvenile II stage length 

extends to early December, at which time 
the temperature of the sur

3 roundings begins to control behavior. From early December, the juve

nile III stage extends to the young of the year recruitment 
into year 

I class 1 on May 7th.  

survival percentages used are estimated 
to be within the range of the 

likely survival percentages for each 'Stage. The literature on striped 

bass survival is of a more qualitative than quantitative 
nature. Most



TABLE 4 

COMPARISON OF PRIMARY STAGE LENGTH AND SURVIVAL PERCENTAGES 

EMPLOYED IN TESTIMONY OF APRIL 5, 1972 AND PRESENT TESTIMONY

Paramieter 

Stage Length (days) 

Egg 
Larval 
Juvenile I 
Juvenile II 
Juvenile III 

Survivals W% 

Egg 
Larval 
Juvenile I 
Juvenile II 
Juvenile III 

Start of Spawn 

Spawn Time (days) 

Eggs Produced 

Begin over Wintering Period

April 5, 1972 
(Completely Mixed)

1.5 
21 

30 
134.75 (average)* 

159 

1-10 
.5-1 
20 

40-60 
18.4-40 

May 9, 1967 

37.5 

1,830,000,000 

December 1

Present 
(Transport Model) 

1.5 

28 
30 

123 (average)* 
158 

10 
15 to 50 

20 
50 

18.98 

May 7, 1967 

49 

2,157,750,000 

December 1

*Minimum =116 days, maximum = 153.5 days.  

**Minimum =98.5 days, maximum = 147.5 days.
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of -he estimates available in the literature discuss overall survivals 

rather than intra-stage survivals. An analysis of Clark's testimony 

[3] shows relatively good agreement in the stage lengths and the stage 

survival percentages chosen by ourselves and Clark.  

I Larval survival was changed from the original 1% estimate to numbers 

3varying between 15 and 50% for reasons described in Chapter IV.  
3 4. compensation Parameters 

3In order to predict the effect of perturbations (plant effect) on the.  

striped bass life cycle, it has been necessary to model the intra

3 stage behavior of the striped bass in its first year of~ life. Should 

perturbations alter the number of survivors of these stages' signifiIt cantly, they can be expected to be offset in part by compensatory 

3mechanisms, as discussed earlier. However, quantitative data are not 

available on the adaptation of early stage striped bass or similar 

3 species to artificial perturbations, e.g., operation of once-through 

cooling systems. Therefore, an intra-stage compensation mechanism was 

3 developed to agree with qualitative descriptions of early stage and 

adult response characteristics, i.e., a kinetic expression was written 

which would increase survival (within limits) of early stages when-an 

3 extra perturbation reduced their numbers.  

These kinetics should be and are capable of varying survival rates 

within a stage under base conditions, as well as during plant opera--1 

tion. During any stage, any number of environmental variables is con

stantly changing and altering the current survival of the'individuals 

present at any time so that operation of the basic or natural system 

at an "equilibrium" or "saturation" level probably does not occur.
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Environmental parameters change from year to year. On a long-term .1 
basis, ecosystems continually direct themselves to adapt to changes in 3 
internal (evolutionary adaptation to competitors) and external (long

term sedimentation, changes in rainfall and runoff patterns, etc.) 

influences. For these reasons, the parameters, KE, Ko, and Ns, in the 

compensation model given by Equation 1 can be expected to vary from 

year to year in a random manner. 3 
We presume that external perturbations (plant) will not significantly I 

alter the long-term random variation of these parameters. In order to 

eliminate random variations in the system's analysis, year-to-year I 
variations of environmental variables were removed from the analysis 

and 1967 yearly variation was used in both the one-year and long-term 

predictions.  

The intra-stage compensatory parameters (KE, Ko, and Ns in Equation 1) 3 
were first developed for use in the testing or base-condition runs.  

These same factors were used later on when the effect of the plant was 3 
evaluated. The procedures employed in this development are described 

below. I 

The first step required selection of the survival percentage in order 

to compute KE, the first order mortality rate. The survival percent

ages given in Table 4 were used in conjunction with stage lengths to 

compute KE.  

The coefficient, Ko, represents the minimum mortality rate ever pres

ent in the system and, as described earlier, can be expected to occur 

I
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0 when concentrations are very low. Since Ko must be between 0 and KE, 

3 values of 0.25 KE and 0.5 KE were used.* 

Ns was chosen as a representative value of each stage concentration 

range which existed during 1967 sampling and was estimated 
using 1967 

observations. This generally was equal'to or close to the average 

concentration over the period, or at least over the 
peak period when 

I substantial numbers of each stage were present.  

I These choices of KE and Ns reduce to indicating that actual concentra

tions that exist during each stage are above and below Ns 
and, there

fore, K has a range of KE + (KE - Ko) [(Nmin - Ns)/N s ]
3 to KE + 

1 3 
(KE - Ko) [(Nmax - Ns)/N s] , where Nmin and Nmax are the minimum and 

maximum values of the stage concentration. Therefore, K varies above 

V and below KE. This suggests that KE can be expected to be close to 

the "average" K over the stage, and the use of the 
estimate of overall 

survival to compute KE appears to be valid.  

Adult (age groups 1-13) parameters were chosen to yield 
a year-to

1 year equilibrium such that the egg complement from year to year 

(without a plant) would be constant. This notion is discussed in de

3 tail in the earlier testimony [1].  

3 To date, as discussed earlier, compensation has not, generally, 
been used 

in the adult stages. The procedure to be used if adult compensation 
is 

employed is given in Chapter II.  

*Ko = 0.25 KE appears to give a slightly better agreement with larval observations.  

Ko = 0.5 KE was arbitrarily used for 
juvenile I, II, and III.  

KO = KE (no compensation) was used for the egg stage.  

U/



-44- I 
The adult survival rates for age groups 1 through 3 are assumed as @ m 

input to the transport model. Given these values, we satisfy the 3 
equilibrium condition by utilizing a Newton-Raphson technique to 

compute the survivals for adults 4-12. With these survivals and the 

number of recruits to age group 1 and no plant effect, we can compute 

an adult distribution based on age group 1 population. 3 
The survivals for age groups 4 to 12 must depend largely upon exter- 3 
nal disturbances, chiefly commercial and sport fishing; the fish are 

considered to have already undergone a long-term process of adaptation 

to fishing disturbances. 3 
Based on the equilibrium equation, these survivals are computed to be 

61.4% when the age groups 1 to 3 survival is 16%. It should be noted 

that the survival of age groups 4 to 12 depends entirely on the as

sumed survivals of age- groups 1 to 3. Assuming higher survivals in 

age groups 1 to 3 would necessitate lower survivals in age groups 

4-12 and vice-versa, if the equilibrium behavior is to be preserved.  

5. Migration Parameters 3 
The approach to migration can be broken down into the following steps: 3 

Utilize a known estimated fractional distribution, by segment, 
of juvenile I's near the end of their stage to compute migra- 1 
tion preference. A brief description of this step is given 

below.  

Compute the fractional distribution of juvenile I's at any time 
(t) using the transport model. 4 
Use the difference between the anytime (t) distribution and the 
measured end of the stage distribution to compute the number of 

juvenile I's which must migrate either into or out of each seg
ment. Define the difference in time between current time and 
.the end of juvenile I appearance as the time span over which 
the migration will have occurred to achieve the end of stage 
distribution. 3
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1. . Continually update the prior step during the juvenile I stage 
to account for transfers to the juvenile II stage, and produc
tion aind decay as well'as impingement and entrainment of juveI-. nile I's.  

Migration preferences were computed by utilizing an approach similar 

to Clark's (3] in his calculation of relative abundances based on 1968 

Carlson & McCann data [2]. The procedure employed is-shown typically 

I using this 1968 data. This is tabulated in Table 5 and explained below.  

I Table 5 has been adapted from Clark [3].  

if the number of juvenile I's per tow is known for each segment of the 

IHudson, the index of relative abundance, i.e., the relative number of 

juvenile I's in a segment, can be computed as the product of the fish 

per tow times the fraction of the total water volume of all segments 

that the water volume in a given segment represents.  

3 The migration preference of segment 1, i.e., the fractional percentage 

of juvenile I's in a segment, is then equal to the index of relative 

I abundance for segment 1 divided by the sum of all segment indices.  

* The migration preference is thus an index of relative abundance of 

juvenile I's such that the sum of migration preferences for all seg

I ments equals 1.  

I This procedure for computing migration preference can be used for any 

year's behavior, so long as information on relative abundance of 

juveniles is available at several points along the river. In transport 

model runs to date we have used the August 1967 Carlson & McCann data.  

0The juvenile II and III stages were handled in a similar mann er except 
that migration was used as an alternative mechanism, i.e., their



TABLE 5

TYPICAL COMPUTATION OF INDEX OF RELATIVE ABUNDANCE OF JUVENILES

Segment Number of 
Number Location Fish/Tow (1 )

Percent of 
Segment Volume Water Volume 
(MI3) x 10

2 in Segment
(2 )

Index of 
Relative 
Abundance(3)

Percent of 
Fish in 

Each Migration(5 ) 
Segment(4) Preference

1 Coxsackie 0 2.9862 

2 Saugerties .2 5.1230 

3 Kingston .5 4.0977 

4 Hyde Park 1.7 4.8640 

5 Marlboro 4.2 6.1266 

6 Cornwall 48.5 6.4336 

7 Peekskill 47.4 5.9186 

8 Croton Point 37.4 15.0654 

Total 50.615 

Notes: (1) Carlson & McCann, Table 11.  
(2) Relative to volume of all segments.  
(3) Column 4 times Column 5.  
(4) Column 6 divided by sum of indices of 
(5) Column 7 divided by 100.

5.9% 

10.12 

8.10 

9.61 

12.11 

12.71 

11.69 

29.76 

100,00%

0 

2 

4 

16 

51 

616 

554 

1113 

2356

0 

.08% 

.17 

.68 

2.17 

26.15 

23.51 

47.24 

100.00%

relative abundance and multiplied by 100%.

m -WMu M

0 

.0008 

.0017 

.0068 

.0217 

.2615 

.2351 

.4724 

1.0000
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al •stages may either migrate or remain stationary (no transfer between 

segments)." 

For the juvenile II stage, migration is in accordance with the early 

November 1967 distribution.  

For the juvenile III stage, a stationary mode was assumed, i.e., the 

November 1967 migration preferences were presumed to apply through the 

overwintering period.  

I Migration preferences for each of the three juvenile stages are shown 

in Table 5A.  
I 

I6. Life Stage CSycling Parameters 

Estimates of sex ratios (fsi), maturity indices (fmi), and fecundities 

(fi) for adult striped bass are given in Table 6.  

Reproductive parameters generally were obtained from the literature 

noted under Table 6. Survivals in the early stages are generally 

I acknowledged to be very low. Survivals in the adult stages presume 

3 the inclusion of all present impacts on the river, including exploita

tion by sport and commercial fishing and by existing plants.  

B. MASS TRANSPORT PARAMETERS 

Figure 2A in Chapter I shows all input and output parameters used in the 

model including those adapted from the mass transport model developed 

previously. These parameters are discussed in detail in Reference [14] 

and consist of the river freshwater flow, dispersion coefficients, and the 

0 geometry of the Hudson channel.  

I



TABLE 5A 

MIGRATION PREFERENCES 

1967 DATA 

Migration Preference
JI 

.04 

.08 

.08 

.09 

.17 

.18 

.10 

.26

JII 

.01 

.01 

.03 

.04 

.06 

.07 

.22 

.56

I 
Il

Segment 

1 

2 

3

JiII 

.01 

.01 

.03 

.04 

.06 

.07 

.22 

.56

I 

I 

I 

I 

•I 

I



I 

I 

I, 
I 
I 

I 
I 
IF 
I 

I 

I

Age Group

*(Ref 30) 

**(Refs.' 31,-32) ' 

*** (Ref. 33)

Female 
Fraction* 

.5 

.52 

.54 

.56 

.58 

.6 

.62 

.64 

.66 

.68 

.7 

.7 

.7

Female 
Maturit** 

0 

0 

0 

.25 

.75 

.95 

1 

1 

1 

1 

1 

1

Fecundity 
(Eggs/Fertile Female).*** 

0 

0 

0 

345,000 

438,000 

615,000 

752,000 

820,000 

909,000 

910,000 

964,000 

1,136,000 

908,000

Values between age group 1 and 11 were linearly 
interpolated from estimates of age group 1 and 11 
female fractions.  

Age groups 4 - 6 are computed estimates.  

Computed by weighted averages of individual 
measurements.

TABLE 6 

SELECTED FERTILITY FACTORS
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OI 
Figure 14 depicts the segment divisions with milepoint boundaries from 

Coxsackie to Croton Point and the types of sampling activities undertaken 

in each segment. The geometry of the divisions as computed from U.S.  

Coast Geodetic Survey charts is shown in Table 7 and includes segment 

lengths, average cross-sectional areas between milepoints, and water 

volumes.  

The data used to test the model were collected in May, June and July 1967.  

Freshwater flow and longitudinal dispersion coefficient used to simulate 

Hudson River transport behavior during that period are given in Table 8.  

The freshwater flow values were obtained using the U.S. Geological Survey 

surface water flow observations at Green Island (the most downstream gag

ing station) and knowledge of contribution of tributaries below Green 

Island and of lag time between Green Island and the lower Hudson River. A 

detailed description of this approach is given in References [11], [131, 

[14], and [28].  

The values of the longitudinal dispersion coefficient at any point within 

the salt-intruded reach of the river were obtained by analysis of observed 

and/or estimated salinity profiles in the Hudson River. A detailed dis

cussion of this method is given in References [11], [14], and [28]. The 

values of this coefficient at any point outside the salt-intruded reach 

were estimated using known Hudson River tidal and channel geometry charac

teristics as described in Reference [28].  

The most upstream segment (Coxsackie) and the most downstream segment 

(Croton Point) were considered to possess impervious boundaries such that I 

I



FIGURE 14

PRINCIPAL STUDY LOCATIONS AND 
ACTIVITIES IN THE ESTUARY 

1965-1968" 

HUDSON RIVER ESTUARY

TROY DAM (154.0)

COXSACKIE (125.0)

I 
I 
I 
I 

I 
I 
I 
I 
I 

II 
I

SAMPLING ACTIVITIES 
PLANKTON YOUNG FISH 

1965 NONE 0 

1966 

1968 + .-

KINGSTON (91.5)

MARLBORO (69.0)

0 -0- ,I + - ( +

PEEKSKILL (45.5)

THE BATTERY

SAUGERTIES (102.5)

CORNWALL (56.5) 

CROTON (35.5)

(35.5) = River miles

* Adapted from Figure 1 of



TABLE 7

HUDSON RIVER TRANSPORT MODEL 

SEGMENT PARAMETERS

SEGMENT 

1- Coxsackie 

2- Saugerties 

3- Kingston 

4- Hyde Park 

5- Marlboro 

6- Cornwall 

7- Peekskill 

8- Croton

EXTENT* 
(Milepoints) 

138.4-115.9 

115.9-96.6 

96.6-86.4 

86.4-75.1 

75.1-62.9 

62.9-51.1 

51.1-40.1 

40.1-20.1

LENGTH 
(Miles) 

22.5 

19.3 

10.2 

11.3 

12.2 

11.8 

11.  

20.

AVERAGE AREAS 
(sq. Miles) 

.0013272 

.0026544 

.0040174 

.0043044 

.0050218 

.0054522 

.0053805 

.0075327

VOLUME 
(Cu.Miles) 

.029862 

.051320 

.040977 

.048640 

.061266 

.064336 

.059186 

.150654

*Milepoints from Battery.
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Io 
I.  
I 
I

Lower Hudson Freshwater 
Flow,

Extent 
(Milepoints) 

138.4-115.9 

115.9- 96.6 

96.6- 86.4 

86.4- 75.1 

75.1- 62.9 

62.9- 51.1 

51.1- 40.1 

40.1- 20.1

(Cubic Miles/Day)
May 

1.37348 

1.37348 

1.37348 

1.37348 

1.37348 

1.37348 

1. 37348

June 

0.45782 

0.45782 

0.45782 

0.45782 

0.45782 

0.45782 

0.45782

x 100
July 

0.35218 

0.35218 

0.35218 

0.35218 

0.35218 

0.35218 

0.35218

Longitudinal 
Dispersion 
Coefficient, 

Square Miles/Day 
May June 

1.0 1.0 1.0 

1.0 1.5 1.5 

1.0 2.0 2.0 

1.0 2.0 2.0 

2.0 2.0 2.0 

2.0 6.0 6.0 

2.0 12.0 12.0

1.37348 .0.45782 0.35218 14.0 12.0 12.0

TABLE 8 

HUDSON RIVER HYDRODYNAMIC CHARACTERISTICS EMPLOYED IN THE 

TRANSPORT MODEL DURING THE 1967 TESTING PERIOD

Segment 
Number 

1 

2 

3 

4 

5 

6 

.7

I 
I.  
I 
I 
I 
I 
I 

I.  
I 
I.  
I
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eggs could not enter or leave segment 1 at its upstream boundary or seg- 3 
ment 8 at its downstream boundary by dispersion or advection. This simply 

reflects the observation of the Carlson & McCann data which indicate that 

no such movement out of the estuary occurs.  

C. PLANT AND IMPACT PARAMETERS 

Plant and impact parameters are shown on Figure 2A in Chapter I. The 

Indian Point station is located at milepoint 43 in the Peekskill segment 3 
as shown in Figure 1. 1 
Plant intake flow with the two units at capacity operation is 2,650 

cubic feet per second. I 

The number of years of plant operation simulated in the striped bass 

transport model is described in Chapter V.  

Selection of values corresponding to the plant impact parameters ("f" 

factors) described in Section F of Chapter II is discussed below. Entrain- I 

able stages are discussed first, followed by a discussion of impingement 

in the later juvenile (JII and JIII) stages. I 

1. Eggs, Larvae, and Early Juveniles 3 
Computational procedures employed for determining the "fl" factors I 

for each of these three stages were the same. Methodology employed 

for determining each of the f2 , f3 , and fc factors was also similar 3 
for each stage; available data was sparse or non-existent for many of 

these latter factors so that few computations were employed here. 3 
Determination of "fl' the ratio of intake-vicinity density to the 

I
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section-average density, is discussed first for all three stages; 

this is followed by discussion of determination of f2 ' f3 , and fc for 

each of these stages.  

a. Selection of fl 

Data employed in the evaluation of this factor included: 

(1) 1967 Carlson & McCann striped bass egg and larval* distribu

tions at three stations at Peekskill.  

(2) 1970 (June) Raytheon striped bass egg, yolk-sac larvae, and 

later larvae distributions at Roa Hook (three stations), 

Indian Point (four stations), and Stony Point (three 

stations).  

(3) 1971 (May through July) NYU striped bass egg, yolk-sac larvae, 

and later 'larvae distributions at seven north-south transec

tions between Peekskill and Stony Point.  

(4) 1972 (June) QL&M striped bass larvae distributions at Indian 

Point.  

These sampling locations are identified on Figure 15.

*The four data sources variously report "larvae," "yolk-sac larvae," and 
"later larvae." The transport model larval stage includes both yolk-sac 
and later larvae, while the JI stage includes some fish which may prop
erly be classed as later larvae. "fl" factors for each of the three 
"stages" the four data sources adopt are computed first. Assignment of 
results to the transport model larval and early juvenile stages is pre
sented only after all the data sources have been discussed.



FIGURE 15

LOCATION 
EGG AND 

STATIONS IN

Jones Point

OF STRIPED BASS 
LARVAE SAMPLING 

THE INDIAN POINT AREA 

A/ 
Peekskill 

A LEGEND 
HRFI CARLSON- McCANN, 1967 

3 I 23 ,12,21111I AYTHEON 1970 
In d ia n o ,22z5,2o, ,.. .
Poin "A,BC,DE,FG NEW YORK UNIVERSITY ,1971 

Oint,, 3 QUIRK ,LAWLER MATUSKY, 1972

20 9 
A A 

F G

I 

I 
.3 

I 
I 
I 
U 
U 

I 
I 
I 
I 
I 
I 
I 

I
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0 The "fl" factor was determined by dividing into four quadrants all 

cross-sections in the Indian Point area for which data were available, 

as follows: 

(1) Upper west quadrant, extending from mid-channel to the west 

shore and from the surface to mid-depth.  

(2) Lower west quadrant, extending from mid-channel to the west 

shore and from mid-depth to the bottom.  

(3) Upper east quadrant, extending from mid-channel to the east 

* shore and from the surface to mid-depth.  

(4) Lower east quadrant, extending from mid-channel to the east 

shore and from mid-depth to the bottom.  

The section-average concentration of organisms was computed by first 

determining the mean concentration for each quadrant, and then calcu

lating the arithmetic average of these four means. The ratio of the 

I upper east quadrant mean to the section average is "fl." 

This procedure was used to compute "fl" because the major percentage 

of water passing through the Indian Point condensers comes from the 

upper east quadrant, in which the intake is located. Since the ratio 

of plant flow to net river flow is less than 0.25, this approach is 

considered to be conservative.  

In every case, the mid-depth value was used in computing both the 

3 upper and lower quadrant means, since in most cases only surface, mid

depth, and bottom concentration values were available. Consequently, 

U
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the mid-depth value received a double weight, thus avoiding bias 

toward either the surface or bottom values, neither of which may rep

resent as much water as does the mid-depth value.  

As Figure 15 shows, the 1971 and 1972 data (NYU and QL&M) were taken 

along longitudinal transects on the east and west sides of the river.  ~i 

For these data, quadrant means were computed using the east transect 

data for upper and lower east quadrant means, and west transect data 

for upper and lower west quadrant means.  

The 1967 and 1970 data (Carlson & McCann and Raytheon) included east, 

mid-channel, and west stations. These data were analyzed in two ways: 

S(1) Method A included mid-channel data in computing both the east 

and west quadrant means. This gave a double weight to the 

mid-channel value, which tends to bias the "f" factor value 3 
to the high side since there are more fish in mid-channel.  

(2) Method B divided the river into thirds, rather than an east 

and west half. The "f" factor was computed as the ratio of 

the upper east sector (one-sixth of the total) to the section 

average. This is considered valid since the upper east sixth 3 
still provides most of the water taken in by the plant.  

Results of both methods of analysis are reported below.  

The 1970 and 1971 data (Raytheon and NYU) include sections immediately eI 

in front of the plant, north of the plant (Peekskill), and south of 3 
the plant (Stony Point). Data from all three locations were employed 

in the determination of means for these years. This simply recognizes 3 
3
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0 that water from these zones can be expected to pass Indian Point be

* cause of tidal behavior.  

Results of this "fl" factor analysis for each of the four years of 

data are shown in Tables 9 through 18.  I 
Tables 9 through 11 show analysis of the 1971 NYU data. These data 

3 are considered to be the most informative of the four sets for the 

following reasons: 

(1) All means include data taken within a tidal excursion north 

and south of the plant.  

(2) Data are presented for each of three stages.  

(3) Data distinguish between night and day.  

Means must be considered as relative, since the mean for each 
stage is 

3 computed over the entire sampling period, May 3rd through July 30th 

for the daytime samples and May llth through July 21st for 
the night

time samples. Comparisons cannot be made between the day and night 

data, nor to the data of others, unless the means are recomputed 
on 

the basis of the actual period over which each stage appeared 
in the 

* river.  

3 This in no way abrogates the analysis for "fl," however, since no com

parison between the night and day data, nor to the data 
of others, is 

involved in the use of these data to compute the "fl." 

3 The daily average "fl" is computed by weighing the results with a 

0.625 factor for the day value of f, and 0.375 for the 
night value.  

I



TABLE 9 

DETERMINATION OF "fl" FACTOR FOR STRIPED BASS EGGS

1971 NYU Data* 
(East and West Transects at Peekskill, Indian Point, and Stony Point)

Day% Sampling, 5/3/71 to 7/30/71

RelativeMean Concentration, #/TCM, for Sampling Period

p~th** West 

Surface 0.94 
Mid-Depth 6.07 
Mean, Upper West Quadrant: 3.50

Mid-Depth 6.07 
Bottom 11.23 
Mean, Lower West Quadrant: 
Mean, Western Half:

East 

0.54 
5.06 

Mean, Upper East Quadrant: 

5.06 
16.98 
Mean, Lower East Quadrant: 
Mean, Eastern Half:

8.65 
6.08

2.80 

11.02 
6.91

Section Average Concentration: 6.50 

fl, Daytime Basis = 2.80/6.50 = 0.43 

Night Sampling, 5/11/71 to 7/31/71

Relative Mean Concentration, #/TCM, for Sampling Period

Depth West 

Surface 1.88 
Mid-Depth 16.72 
Mean, Upper West Quadrant: 

Mid-Depth 16.72 
Bottom 36.38 
Mean, Lower West Quadrant: 
Mean, Western Half:

9.30 

26.55 
17.92

East 

1.67 
7.66 

Mean, Upper East Quadrant: 

7.66 
12.30 
Mean, Lower East Quadrant: 
Mean, Eastern Half:

Section Average Concentration: 12.62 

fl' Nighttime Basis = 4.66/12.62 = 0.37 

fl, Daily Average Basis = 0.625 fl, Day + 0.375 fl, Night = 0.41 

*Gear - 1/2 meter, 500 micron plankton nets.  
**Depths vary between 30 and 50 feet; mid-depth samples taken between 15 

and 30 feet.

.3 
I

4.66 

9.98 
7.32

I 
I 

I 
0*



I 
I.  
I 
I.  
I 
I 
I 
I 
I 
I.  
I 
I 
I 
I 
I 

I.  
I 
I.  
I

Depth** 

Surface 
Mid-Depth 
Mean, Upper West 

Mid-Depth 
Bottom 
Mean, Lower West 
Mean, Western Ha

. West, East 

0.0 0.06 
1.10 0.70 

Quadrant: 0.55 Mean, Upper East Quadrant: 

1.10 0.70 
5.23 5.07 

-Quadrant: 3.17 Mean, Lower East Quadrant: 
.lf: 1.86 Mean, Eastern Half: 

Section Average Concentration: 1.75 

fl, Daytime Basis = 0.38/1.75 = 0.22

Night Sampling, 5/11/71 to 7/31/71 

Relative Mean Concentration, #/TdM, for Sampling Period

Depth 

Surface 
Mid-Depth 
Mean, Uppe 

Mid-Depth 
Bottom 
Mean, LOWE 
Mean, West

West East 

0.72 0.60 
.2.83 1.72 

r West Quadrant: 1.78 Mean, Upper East Quadrant: 

2.83 1.72 
1.28 3.67 

r West Quadrant: 2.06 Mean, Lower East Quadrant: 

tern Half: 1.92 Mean, Eastern Half: 

Section Average Concentration: 1.93 

fl, Nighttime Basis = 1.16/1.93 = 0.60 

fl, Daily Average Basis = 0.625 x 0.22 + 0.375 x 0.60 = 0.36

).38 

2.89 
1.64 

1.16 

2.70 
1.93

*Gear - 1/2 meter, 500 micron plankton nets.  

**Depths vary between 30 and 50 feet; mid-depth samples taken between 15 

and 30 feet.

TABLE 10 

DETERMINATION OF "fl" FACTOR FOR .STRIPED BASS EGGS YOLK-SAC LARVAE 

1971 NYU Data*.  

(East and West Transects'at Peekskill, Indian Point, and Stony Point) 

Day Sampling, 5/3/71. to 7/30/71 

Relative MeanConcentration, #/TCM, for Sampling Period



TABLE 11 

DETERMINATION OF "fl" FACTOR FOR STRIPED BASS EGGS LATER LARVAE 

1971 NYU Data* 
(East and West Transects at Peekskill, Indian Point, and Stony Point)

Day Sampling, 5/3/71 to 7/30/71

Relative Mean Concentration, #/TCM, for Sampling Period

Depth** West 

Surface 0.38 
Mid-Depth 54.08 
Mean, Upper West Quadrant: 27.23

Mid-Depth 54.08 
Bottom 78.92 
Mean, Lower West Quadrant: 
Mean, Western Half:

East 

0.63 

32.52 
Mean, Upper East Quadrant: 

32.52 
79.17 
Mean, Lower East Quadrant: 
Mean, Eastern Half:

66.50 
46.87

16.57 

55.90 
36.24

Section Average Concentration: 41.56 

fl, Daytime Basis = 16.57/41.56 = 0.40 

Night Sampling, 5/11/71 to 7/31/71

Relative Mean Concentration, #/TCM, for Samplinq Period

Depth West East

Surface 88.0 
Mid-Depth 46.33 
Mean, Upper West Quadrant: 

Mid-Depth 16.72 
Bottom 36.38 
Mean, Lower West Quadrant: 
Mean, Western Half:

9.30 

62.83 
65.00

24.5 
20.67 
Mean, Upper East Quadrant: 

20.67 
24.77 
Mean, Lower East Quadrant: 
Mean, Eastern Half:

22.58 

22.72 
22.65

Section Average Concentration: 43.83 

fl, Nighttime Basis = 22.58/43.83 = 0.52

fl, Daily Average Basis = 0.625 fl, day + 0.375 fl, night = 0.44 

*Gear - 1/2 meter, 500 micron plankton nets.  
**Depths vary between 30 and 50 feet; mid-depth samples taken between 15 

and 30 feet.

I 
.3

I



This recognizes 15 hours of daylight and 9 hours of darkness for the 

I period May through July. The daily average "flt' does not change dur

ing a transport model computer run because the various data employed 

to compute f, all represent the mean of several sampling days over the 

3 calendar period of stage appearance.  

3The 1971 NYU "f1 " factor results are summarized below: 

3Stage Day Night Daily Average 

Eggs 0.43 0.37 0.41 

IYolk-sac larvae 0.22 0.60 0.36 

Later larvae 0.40 0.52 0.44 

Note that these results as well as the tabulated data show that both 

larval sub-stages behave as reported by numerous investigators.  

3Nighttime concentrations of larvae tend toward a more uniform distri

bution throughout the water column, while the daytime concentrations 

3 are decidedly larger in the deeper water. Eggs tend to be concen

trated near the bottom both day and night.  

Table 12 shows analysis of the 1972 QL&M data, which was taken during 

I two daytime periods in early and mid-June. Sampling also took place 

3 in late June and mid-July.  

No striped bass were collected in the upper east quadrant during any 

one of these four days. Computationally, this yields a zero f, factor.  

3 To avoid that, a minimum of one fish per collection was assumed for 

this quadrant.



TABLE 12 

DETERMINATION OF "fl" FACTOR FOR STRIPED BASSEGGS YOLK-SAC LARVAE 

June 1972 QL&M Data* 

Day Sampling, 6/7/72, 11:30 AM to 12:00 Noon 

Relative Mean Concentration, #/TCF, for Sampling Period 

Dep2th** West East 

Surface 1.7 0.5*** 
Mid-Depth 12.8 0.5*** 
Mean, Upper West Quadrant: 7.3 Mean, Upper East Quadrant: 

Mid-Depth 12.8 0.5*** 
Bottom 29.3 1.1 
Mean, Lower West Quadrant: 21.1 Mean, Lower East Quadrant: 
Mean, Western Half: 14.2 Mean, Eastern Half: 

Section Average Concentration: 7.43 

fl, Daytime Basis = 0.5/7.43 = 0.067 

Day Sampling, 6/15/72, 12:00 Noon to 1:00 PM 

Relative Mean Concentration, #/TCF, for Sampling Period 

Depth West East 

Surface 0.5*** 0.5*** 
Mid-Depth 1.8 0.5*** 
Mean, Upper West Quadrant: 1.2 Mean, Upper East Quadrant: 

Mid-Depth 1.8 0.5 
Bottom 2.9 1.6 
Mean, Lower West Quadrant: 2.4 Mean, Lower East Quadrant: 
Mean, Western Half: 1.8 Mean, Eastern Half: 

Section Average Concentration: 1.3 

fl, Daytime Basis = 0.5/1.3 = 0.38 

fl, Day, 1972 June Average = 0.23

2.80 

0.8 
0.65

4.66 

1.1 
0.8

*Gear - 1/2 meter, 500 micron plankton nets.  
**Depths ranged from 25 feet on west shore to 45 feet on west and east channel 

***Zero fish caught; assume one fish caught.
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The late June and mid-July data are not reported in this analysis be

cause the numbers taken in the remaining three quadrants during those 

periods were very small.  

QL&M transects were made on the east side of the channel, about 100 

1 yards off the east shore; on the west side of the channel in 45 to 50 

feet of water; and several hundred yards off the west shore, in 25 

feet of water. West means reported in Table 12 are the average of sam

ples collected along both westerly transects.  

Virtually all larvae taken on June 7th were between 5 and 6 mm long, 

placing the catch in the later days of the yolk-sac stage. Mean 

length of 71 specimens measured was 5.2 mm. Although only a few spe

cimens of the June 15th catch have been measured, these also appear to 

be yolk-sac larvae.  

Daylight samples only were taken. For later purposes of averaging 

data, the mean f, factor of 0.22 was scaled in proportion to the 1971 

NYU results to obtain a daily average value of 0.38.  

Table 13 shows analysis of the 1970 Raytheon data, done in accordance 

with Method A, described previously on page 52. This method causes 

the mid-channel values to carry extra weight.  

N The individual station data were taken directly from Table 6-8 of the, 

final Raytheon report, Reference [29]. These data were not separately 

classified by stage. Observation of Raytheon Figures 6-10 through 

I 6-18, however, suggests that these are primarily yolk-sac larvae, and 

they have been so interpreted in this analysis.  

I



TABLE 13 

DETERMINATION OF "fl" FACTOR FOR LARVAL STRIPED BASS 

June 1970 Raytheon Data 
(Data from Table 6-8, Page 6-19, Reference 29) 

Basis for Analysis - Method A (Double Weight Applied to Mid-Channel Values) 

All Data at Each Station and Depth Are Monthly Averages and Include Day and Night Sampling

Computation of East and West Surface and Mid-Depth Means for Transects North, South and Opposite Indian Point

Transect 

Stony Point 
Indian Point 
Indian Point 
Roa Hook 

Average

West

Surface 
Mid 

Channel 

il1 
59 

182

West-Mid Channel 
Surface Average ......... . 176 

East-Mid Channel 
Surface Average ..... ............... .86 

Computation of East & West Bottom Means 
for Transects North, South & Opposite Indian Point

Mid-Depth

East Transect

24 Stony Point 
91 Indian Point 
76 Indian Point 
34 Roa Hook 

56 Average 

West-Mid Channel 
Mid-Depth Average 

East-Mid Channel 
Mid-Depth Average

West 

107 

45

Mid 
Channel 

295 
73 

70

ii .  

... . . . . .98

"fl" Factor Computation

Transect 

Stony Point 
Indian Point 
Indian Point 
Roa Hook 

Average

West 

176 
161 

377

Mid 
.Channel 

95 
426 

855 

459

West-Mid Channel 
Bottom Average .. ........ .. 349 

East-Mid Channel 
Bottom Average ....... .................

Depth
East 

10 
36 
58

West East

Surface 176 86 
Mid-Depth 11 98 
Mean, Upper West Quadrant: 144 Mean, Upper East

8 Mid-Depth i1 

28 Bottom 349 
Mean, Lower West Quadrant: 
Mean, Western Half:

Quadrant:

98 
244 

230 Mean, Lower East Quadrant: 
187 Mean, Eastern Half:

Section Average Concentration: 160

244
fl, Average Daily Basis = 92/160 = 0.57 

@ 0 mu n01 n m mu m mm nnm -u nn mm

East 

55 
46
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Stage 

Yolk-sac

Mid-Channel 
Weighted Unweighted 

0.57 0.33

Average 

0.45

Tables 15, 16, 17, and 18 show analysis of the 1967 Carlson & McCann 

data, as given in Tables 3 and 4 of that report [2]. Data are given 

for west, center, and east channel stations, so both methods of incor

porating the mid-channel data into the analysis are presented in each 

table.  

Since egg data are nonexistent at the center and east stations until 

the 45-foot depth is reached, this value is selected as the lower 

boundary (mid-depth value) of the upper half of the east and center 

sections in the egg analysis.

-55

These data do not distinguish between day and night sampling.  

Raytheon reports that day sampling was on a weekly basis and night 

sampling on a biweekly basis. This should yield a day/night weight 

factor on the order of 0.67/0.33, close enough to the accepted value 

of 0.625/0.375 to accept the composite results as representative daily 

averages.  

Analysis of the Raytheon data via Method B is shown in Table 14. This 

method does not provide an extra weight to the mid-channel data, and 

thus is considered to yield a more representative value of "fl." 

These analyses of the Raytheon data yielded the following results for 

yolk-sac larvae:

I 

1 

I 
I



TABLE 14 

DETERMINATION OF "fl" FACTOR FOR LARVAL STRIPED BASS 

June 1970 Raytheon Data* 
(Station Mean Data From Table 13, This Testimony)

Basis for Analysis - Method B (Uniform Lateral Weighting) 

Means* of Roa Hook, Indian Point and 

Stoy Point Statios~

Surface 
Mid-Depth 

Mean, Upper Sector 

Mid-Depth 
Bottom 

Mean, Lower Sector 

Section Average Concen tration: 

fl, Average Daily Basis

West 

235 
76 

156 

76 
238 

156

mid-Channel 

117 
146 

132 

146 
459 

217

East 

56 
50 

53 

50 
28 

46

46/140 = 0.33

* Concentration in numbers of larvae per thousand cubic meters.

Depth

I 

I 
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DETERMINATION OF "fl" FOR STRIPED BASS EGGS 

1967 Carlson & McCann Data* 

Peekskill Transect 

(data from HRFI (Reference 2), Table 3, page 21) 

Day and Night Sampling, May & June 1967 

Basis for Analysis.  

West Center East 

Upper Half: 0 30' 0 - 45' 0 - 4 

Lower Half: 30 - 60' 45 - 110' 45-- 9

5' 

of

Method A - Double Weight Applied toMid-Channel Values

Depth Means* West Quadrant East Quadrant 

Upper West 0.15 Upper East 0.06 

Upper Center 0.05 Upper Center 0.05 

Mean, Upper West Quadrant: 0.10 Mean, Upper East Quadrant: 0.05 

Lower West 0.20 Lower East 0.56 

Lower Center 0.26 Lower Center 0.26.  

Mean, Lower West Quadrant: 0.23 Mean, Lower East Quadrant: 0.41 

Mean, Western Half- : 0.17 Mean, Eastern Half : 0.23 

Section Average Concentration: 0.20 

fl, Average Daily Basis = 0.05/0.20 = 0.25

Method B - Uniform Lateral Weighting

Depth Means* 

Upper 
Lower 

Station Average

West 

0.15 
0.20 

0.18

Center 

0.05 
0.26 

0.16

East 

0.06 
0.56 
0.31

Section Average Concentration: 0.22 

fl, Average Daily Basis = 0.06/0.22 = 0.27

* Concentration in numbers of eggs per thousand cubic feet.

TABLE 15

I 
I 
I 
I.  
I



TABLE 16 

DETERMINATION OF "fl" FOR STRIPED BASS LARVAE 

1967 Carlson & McCann Data* 

Peekskill Transect 

(data from HRFI (Reference 2), Table 4, page 22) 

Day and Night Sampling, May through July 1967

Upper Half: 
Lower Half:

Basis for Analysis 

West Center 

0- 30' 0 - 30 
30 - 60' 30 -110'

Method A - Double Weight Applied to Mid-Channel Values

Depth Means* West Quadrant East Quadrant 

Upper West 1.33 Upper East 0.29 

Upper Center 0.15 Upper Center 0.15 

Mean, Upper West Quadrant: 0.74 Mean, Upper East Quadrant: 0.22 

Lower West 1.21 Lower East 0.59 

Lower Center 0.64 Lower Center 0.64 

Mean, Lower West Quadrant: 0.93 Mean, Lower East Quadrant: 0.62 

Mean, Western Half- 0.83 Mean, Eastern Half : 0.42 

Section Average Concentration: 0.63 

fl,Average Daily Basis = 0.22/0.63 = 0.35

Method B - Uniform Lateral Weighting

Depth Means* 

Upper 
Lower 

Station Average

West 

1.33 
1.21 

1.27

Center 

0.15 
0.64 

0.40

East 

0.29 
0.59 

0.44

Section Average Concentration: 0.70 

fl, Average Daily Basis = 0.29/0.70 = 0.41 

*Concentration in numbers of larvae per thousand cubic feet.

East 

0 - 30' 

30 - 90'

U 

I 
.3 
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I 
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Table 15 shows tha t e ither method yields essentially the same result, 

3 an ffactor for eggs of 0.26. Note that this result must be consid

ered as quite conservative, since it is unlikely that eggs at"45 feet 

of depth would appear in the plant intake. Analysis of these data at 

a more realistic maximum depth value for plant withdrawal would yield 

a zero value for f1.  

Tables 16 through 18 show analysis of the Carlson & Mc Cann data using 

I various definitions of mid-depth. These data were collected to 60 

feet, 110 feet, and 90 feet at the west, center, and-east stations, 

respectively. Since these depths are substantially greater than those 

3 of the other years, various definitions of mid-depth were made to test 

the sensitivity of the analysis.  

These data contain night and day samples. Sampling at Peekskill was 

3 done on a twice weekly basis day and night, so the data may be some

what biased toward the night side. Recognizing the observed larval 

Ibehavior of upward movement in darkness, such bias will generate con

Iservativ e estimates of fi.  
Since Carlson & McCann do not indicate otherwise, it has been assumed 

Ithat these data represent the entire larval sampling period, May 
Uthrough July. Evaluation of Carlson.& McCann's Table 1 and Figure 8 

suggests that these are primarily later stages of yolk-sac larvae and 

early post-larvae. The results of the analysis have been applied to 

I.both yolk-sac a nd later larvae stages.  
The results of the analysis of Carlson.& McCann's data are summarized 

I. as follows:
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Mid-Channel
Basis of AnalysisTa Weighted 

0.35 

0.40 

0.46

Unweighted Average

0.41 

0.46 

0.37

0.38 

0.43 

0.42

16 Upper layer to 30 feet, 
lower layer to full depth 

17 Upper layer to 30 feet, 
lower layer to 60 feet 

18 Upper layer to mid-depth, 
lower layer - mid-depth to 

bottom 

Average, all methods: 

Range, all methods:

The results for "fl" determination for the four years of data are sum

marized below:

Range or Averaqe Value of fl

Stage 

Eggs 

Yolk-sac larvae 

Later larvae 

Data Source:

1967 

0.26 

0.35-0.46 

0.35-0.46 

Carlson & 
McCann

1970 

0.33-0.57 

Raytheon

1971 

0.41 

0.36 

0.44 

NYU

1972 

0.38 

QL&M

Average, 
All Years 

0.33 

0.40 

0.42 

All

For purposes of estimating plant impact on fish population, a range of 

"fl factors was chosen for use in the transport model. This included 

an apparent minimum, an apparent maximum, the average of all observa

tions, and a current "best estimate." These selections are: 

f] Selected for Transport Model Use

Stage 

Eggs 

Yolk-sac larvae 

(Later larvae

Apparent 
Minimum 

0.2 

0.3 

0.35

Apparent 
Maximum 

0.5 

0.6 

0.46

Average, All 
Observations 

0.33 

.0.40 

0.42

Current 

Best Estimate 

0.41 

0.36 

0.44

ble

0.41 

0.35-0.46

I 

I 
.3 
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I 
I 
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The apparent minimum and maximum values for the egg and yolk-sac 

larvae stages are the rounded values of the minimum and maximum ob

served values. The current best estimate reflects the 1971 NYU data.  

These data, as discussed previously, appear to be the most complete 

and informative of all and, therefore, have been selected as yielding 

the best estimate of f on the basis of the information available.  

Several comments are in order. In general, the deepest sections of 

the river were not sampled. All data on all stages certainly indicate 

that the concentration of each stage increases with depth. This sug

I gests strongly that more representative sampling of the entire cross

section would yield lower "fl" values and therefore lower estimates of 

plant impact.  

The eggs are known to remain in deep water throughout the day. Fur

3 thermore, hatchery observations indicate that those which appear on 

the surface are unfertilized and die [34]. The 1967 data showed no 

3 eggs above a 45-foot depth, and this depth had to be included in the 

upper layer to yield a non-zero "fl" factor. These facts suggest that 

the true "fl factor for eggs is probably very close to zero.  

I The stage selections for the transport model include a 28-day larval 

i stage and a 30-day early juvenile stage. The foregoing data on yolk

sac larvae are estimated to consist primarily of larvae between 10 and 

15 days old. It is difficult to assess the exact age range of the 

late larvae without length data but, based on the dates of appearance, 

it is certain that these include fish through the first 28 days of 

life.  

I



Since the yolk larvae are more abundant than those in later stages of 

life, we have computed the f, factor for the 28-day transport model 

larval stage by applying weights of 0.67 and 0.33 to the yolk-sac and 

late larvae data, respectively. Although this may appear to be some

what arbitrary, the close agreement between f, factors for the two 

larval stages permits breadth in the selection of such weights.  

The early juvenile stage (JI in the transport model) appears in the 3 
river between mid-June and mid-August. Based on dates of appearance 

and lengths, some of these fish (most probably the younger ones, of 30 i 

to 40 days of life) are included in the later larvae catches. We have 3 
used the later larvae f1 factors for this stage.  

Final selection of "fl" factors for use in the first three stages in 

the transport model are: 

fl Used in Transport Model Operation 

Transport Apparent Apparent Average, All Current 
Model Stage Minimum Maximum Observations Best Estimate 

Eggs 0.20 0.50 0.33 0.41 

Larvae 0.32 0.55 0.40 0.39 

JI 0.35 0.46 0.42 0.44 1 

b. Determination of f2 , f3, fc I 

The factor "f2" recognizes that all fish within the vicinity of the 

intake, although potentially part of the water flow to the plant, do 

not necessarily move into the intake. This is based on the fact that, @1 
as they grow older, the fish have the swimming ability to avoid trans- 3 
port by currents such as those induced by the plant, and the 

I!
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Depth Means* West Quadrant East Quadrant 

Upper West 1.33 Upper East 0.29 

Upper Center 0.15 Upper Center 0.15 

Mean, Upper West Quadrant: 0.74 Mean, Upper East Quadrant: 0.22 

Lower West 1.21 Lower East 0.29 

Lower Center 0.46 Lower Center 0.46 

Mean, Lower West Quadrant: 0.84 Mean, Lower East Quadrant: 0.38 

Mean, Western Half : 0.79 Mean, Eastern Half : 0.30 

Section Average Concentration: 0.55 

fl Average Daily Basis = 0.22/0.55 = 0.40

Method B - Uniform Lateral Weighting

Depth Means* 

Upper 
Lower 

Station Average

West 

1.33 
1.21 

1.27

Center 

0.15 
0.46 

0.30

East 

0.29 
0.29 

0.29

I 
I.  
I 
I 
I 
I 
I 
I.  
I 
I.  
I

TABLE I/ 

DETERMINATION OF "f FOR STRIPED BASS LARVAE 

1967 Carlson & McCann Data* 

Peekskill Transect 

(data from HRFI (Reference 2), Table 4, page 22) 

Day and Night Sampling, May & July 1967 

Basis for Analysis 

Upper Half: 0 to 30 ft deep 

Lower Half: 30 to 60 ft deep 

Method A - Double Weight Applied to Mid-Channel Values

Section Average Concentration: 0.63 

f1 , Average Daily Basis ; 0.29/0.63 = 0.46 

* Concentration in numbers of larvae per thousand cubic feet.

I



TABLE 18 

DETERMINATION OF "fl" FOR STRIPED BASS LARVAE 

1967 Carlson & McCann Data* 

Peekskill Transect 

(data from HRFI (Reference 2), Table 4, page 22) 

Day and Night Sampling, May through July 1967

Upper Half: 
Lower Half:

Basis for Analysis 

West Center 

0 - 30' 0 - 60' 
30 - 60' 60 -110'

Method A - Double Weight Applied to Mid-Channel Values

Depth Means* West Quadrant East Quadrant 

Upper West 1.33 Upper East 0.27 
Upper Center 0.39 Upper Center 0.39 

Mean, Upper West Quadrant: 0.86 Mean, Upper East Quadrant: 0.33 

Lower West 1.21 Lower East 0.68 
Lower Center 0.68 Lower Center: 0.68 

Mean, Lower West Quadrant: 0.95 Mean, Lower East Quadrant: 0.68 
Mean, Western Half : 0.91 Mean, Eastern Half : 0.52 

Section Average Concentration: 0.72 

fl ,Average Daily Basis = 0.33/0.72 = 0.46

Method B - Uniform Lateral Weighting

Depth Means* 

Upper 
Lower 

Station Average

West 

1.33 
1.21 

1.27

Center 

0.39 
0.68 

0.54

East 

0.27 
0.68 

0.42

Section Average Concentration: 0.74 

fl, Average Daily Basis =0.27/0.74 = 0.37

*Concentration in numbers of larvae per thousand cubic feet.

East 

0 - 45' 

45 - 90'
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Io 
supposition that, having such ability, they may make use of it to 

I avoid the intake.  

IThe eggs have no such ability so that f2 for eggs is chosen as 1.0.  
This states that the intake will see whatever concentration appears 

in the near vicinity of the intake, i.e., in the upper east quadrant.  

The yolk-sac larvae are feeble swimmers at best, and move primarily 

vertically, so they are not expected to possess any "avoidance" mech

anism beyond that already implicit in "fl." Thus f2 for yolk-sac 

larvae is also chosen as 1.0.  

3 The later larvae through age 28 days probably have some ability to 

.avoid the intake, but in the absence of data, f2 through the first 28 

days of life has been assumed to be 1.0.  

I Sampling in the intake and in the general vicinity of the plant, con

ducted by NYU and QL&M in July 1972, establishes the presence of this 

I mechanism. Data are reported in Table 19 in terms of total serranids 

(white perch and striped bass) because the number of striped bass 

caught was too small to perform any valid analysis.  

I The river sampling data suggest reasonably uniform concentrations 

i throughout the 24-hour period. This is not unusual since the collec

tions consisted primarily of white perch, which reportedly do not ex

3 hibit the distinct negative phototaxic behavior of the striped bass.  

3 Some variation exists between day and night in the intake sampling.  

Whether this is real or an artifact of the low total numbers caught is 

3 not known. Accordingly, weighted and unweighted f2 calculations have 

been made.  I



TABLE 19 

ESTIMATION OF "f 2 " FACTOR FOR EARLY JUVENILES 

All Sampling Data Reported as Numbers of Total Serranids per 

Thousand Cubic Feet

Day Sampling

Depth

0 

10 

20 

Average

Quadrant Average 

Intake Concentration

East 

2.26 

3.76 

2.96 

2.99

5.33 

1.41

East Channel 

10.94 

4.14 

7.95 

7.68

Night Sampling
East 

1.34 

5.27 

4.03 

3.55

East Channel

3.01 

8.17 

9.93 

7.04

5.35 

3.77

Calculation of f2

Basis for Analysis 

East Shore 

East Quadrant

Unweighted 

0.74 

0.48

Day/Night Weighting 

0.67 

0.42

U 
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To keep the analysis consistent, since fl calculations involve the en

I tire-upper east quadrant, f2 should be calculated by dividing the 

intake concentration by the entire upper east quadrant concentration.  

The calculation based on the east shore values is therefore considered 

3to be less representative of the contribution of f 2 to the overall "f" 
factor effect.  

Based on the known greater ability of the young striped bass by com

parison to the white perch to escape the nets, it is believed the 

striped bass have at least as strong a tendency to avoid the intake as 

Iis shown above. The range of f 2 factors for the J1 stage then is: 

3Apparent Apparent Average, All Current 
Minimum Maximum observations Best Estimate 

f 2  0.4 080.58 0 .5 

3No information is available at this time to compute f3. Therefore, 

although it is believed it must be less than 1.0, particularly beyond 

3the larval stage, a value of 1.0 has been selected for this parameter 
for all three ear ly stages.  

The cropping factor, "ic,"can also be estimated using 1,972 NYU data.  

ITotal sampl ing covering a variety of conditions (variable plant tem

perature rise, etc.) yielded the following counts of white perch and 

striped bass.  

Number of Fish 

Alive Damaged Dead Total 

3Intake 327' 105 225 657 

Discharge 177 55 167 399
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Statistical ahalysis of the significance of these results has not yet 

been performed. it is unknown, for example, whether the substantially I 

lower total numbers of fish caught in the discharge can be explained 

within the statistical limits of the sampling process, or whether the 

c4ifference is real.  

-If the latter, the explanation may lie in escapement, in which the 

missing numbers would be presumed alive, or in dropping to the bottom 

due to death, in which the missing numbers would be presumed dead.  

A particularly severe interpretation would be to presume the differ

ence in total count is made up of dead fish only. This yields a plant 

passage survival fraction of 177/327 or 54%. The cropping factor is 3 
(1 - 0.54) or 0.46.  

The most liberal interpretation would be to presume the difference is 

all live fish. For this case, survival exceeds 100%. This, of course, 3 
simply suggests that if the difference is primarily made up of live 

fish, the plant may not be causing mortality.  

If the data are accepted as samples from the same population, then the I 

50% intake survival and 44% discharge survival yield a survival reduc

tion of 10% due to plant passage. I 

Observations by study personnel [34] indicate that survivability ap- I 

pears to increase with age, the young larvae being most vulnerable and 

the larger larvae and early juveniles showing greater ability to con- @1 
dition to the impact. I 

I
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0 These data and observations suggest that, on a conservative basis, an 

I "fc" factor of 1.0 be selected for the larval stage, and a range be

tween 0.1 and 0.5 be selected for the juvenile I stage.  

1972 NYU data on egg survival show ability to withstand temperature 

I rises of 150F and more, depending on the particular stage of growth 

reached at the time of exposure. These data suggest clearly that the 

fc factor for eggs is less than 1.0, perhaps substantially so. Until 

3 such data have been more completely analyzed, the apparently quite 

conservative value of 1.0 is used for this stage.  I 
Selected cropping factor values are summarized below: 

I Cropping Factor, fc 
Apparent Apparent Estimate Used in 

Stage Minimum Maximum Transport Model 

Eggs 0± <<1.0 1.0 

I Larvae >0 <1.0 1.0 

JI 0.1± 0.5± 0.5 

3 Note that plant recirculation has not been considered here, or 

elsewhere in the model. Inclusion of recirculation in the model will 

I further reduce the computed impact of the plant on the river's bass 

* population.  

Table 20 summarizes all f factors for the first three stages of 

l. striped bass development.  

1 2. Estimation of Impingement B ctors 

U Estimation of individual f factors for impingement of the JII and JIII 

3 stages (late summer through fall and overwintering juveniles) is



TABLE 20 

SUMMARY OF ENTRAINMENT "f" FACTORS TO BE USED IN TRANSPORT MODEL

Apparent Apparent 
Minimum MaximumStage

Average 
of 

Observations

Current 
Available 
Estimate

River Distribution Factor, fl

Eggs 
Larvae 
Juvenile I

Intake Avoidance Factor, f2

Eggs 
Larve 
Juvenile I

Availability After Drawn Down Factor, f3 I

Eggs 
Larvae 
Juvenile I

<1.0 
<1.0 
<1i.0 .

Plant Cropping Factor, fc

Eggs 
Larvae 
Juvenile I

O± 
>0 
0.1±

Composite Factor, f = fl'f2.f3.fc 

(For Use in Transport Model)

Eggs 
Larvae 
Juveniles

0.2* 
0.3 
0.0

*Larger than computed minimum 
**Larger than computed maximum

0.2 
0.32 
0.35

0.5 
0.55 
0.46

0.33 
0.40 
0.42

0.41 
0.39 
0.44

1.0 
< 1.0 
0.4

1.0 
1.0 
0.8 0.58

1.0 
1.0 
0.5

1.0 
1.0 

<1.0

1.0 
1.0 
1.0

<<1.0 
<1.0 
0.5t

1.0 
1.0 
0.5

0.5 
0.55 
0.3**

0.41 
0.39 
0.11

I
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virtually impossible. The overall factor, f, however, may be obtained 

directly on the basis of available Indian Point impingement data and of 

total population in the Indian Point segment.  

This f factor is adjusted in the model during operation so that total 

impingement will yield predetermined impingement by the plant. The 

two unit impingement data are obtained by Unit 1 impingement 

observations in proportion to two-unit flow. In other words, the 

3 model is calibrated to yield this impingement value.  

3 These values have been obtained using observations made at Unit 1 

and are reported in Table 21. The computational procedure is also 

U given in Table 21. Using this computational procedure which includes 

Ia 25% upward adjustment factor as well, the following striped bass 

impingement loss is obtained: 

Juvenile II Juvenile III 
Unit (July Through November) (December Through May 7) 

1 1 3,670 7,565 

1 2 11,010 22,695 

Total 14,680 30,260 

I In addition to the July through November computed total, the estimated 

3 1,275 striped bass impinged between May 7th and June 30th are added 

to the total JII impingement. This yields a rounded JII impingement 

of 16,000. Impingement values for Unit 1 and 2 operation in the trans

port model are 16,000 and 30,000 for the JII and JIII stages, respectively.  

As indicated in Table 21, these values are based upon operation at 

60% of full flow for both units for six months of the year, and full 

flow otherwise.  

I



TABLE 21 e 
STRIPED BASS IMPINGEMENT VALUES FOR TWO UNIT OPERATION AT INDIAN POINT3 

ASSUMING REDUCED FLOW IN OCT., NOV. & DEC. JAN., FEB., MARCH*t 

Unit 1lMonthly Totals Two Unit Operation.  
Month Base Adjusted** Monthly Totals 

January 728 910 3,640 
February 3,330 4,163 16,650 
March 463 579 2,315 

April 462 578 2,310 
May 174 218 870 
June 131 164 655 

July 49 61 245I 
August 780 975 3,900 
September 1,130 1,413 5,650 
October 112 140 560 

November 865 1,081 4,320 
December 1,020 1,275 5,100 .  

Totals 9 L244 11,557 46,215 

This table is based on the following assumptions:3 

1. Both units operate all days per month.  

2. Fish collection at Unit 2 will be directly related to flow rate and 
follow a similar annual pattern of abundance.I 

3. Annual per cent composition will be similar at Units 1 & 2.3 

*Reduced flow is 60% full flow or 84,000 gpm per each main pump.  

t Using annual striped bass per cent composition of 3.1.  
*25% upward adjustment to account for specimens lost.-I 

1.25 1 
4.0x
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The factors fl, f2 and fc are implicit in the Unit 1 impingement data.  

Table 21-assumes there will be sufficient fish in the vicinity of the intake 

to permit impingement to continue to be simply proportional to flow. This 

assumes the f3 factor, which accounts for the rate at which the drawdown 

I population is replenished, is 1.0. This assumption is probably quite 

conservative because it forces the fish to continue to migrate into the 

Indian Point segment as the fish population in that segment is drawn down.  

I 
I 
I 

I 
I 
I 
I 
I 

Io 

I
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IV. TESTING THE TRANSPORT MODEL 

This chapter tests the ability of the mathematical model to simulate Hudson 

River striped bass life history and to reproduce observed bass behavior.  

3 The 1967 Carlson & McCann data were employed in the comparison.  

3 A brief description of the notion of model testing as it applies to the 

present model is given first. Subsequently, the details of testing the 

3 various life stages are discussed.  

3 Results indicate that the model has been successful in simulating striped 

bass behavior. This conclusion is established by showing that the model 

3can properly progress through the early life history by using a given spawning 
rate as a function of river location and calendar time and from thisgenerating 

egg, early larvae, and later larvae-early juvenile distributions via internal 

I transport mechanisms. These distributions are shown to agree reasonably well 

with corresponding measured data.  

A. THE NOTION OF MODEL TESTING 

An acceptable criterion for evaluating the internal consistency of the model 

3 has been established. This criterion shows that the model provides a complete 

description of striped bass life history by accounting for the fate of all 

3surviving organisms. Beginning with a particula r initial egg production number, 

the model is able to move through the entire series of life stages, delineate 

in terms of absolute concentrations all stag es of the history, and continue 

3through any number of repetitions of the cycle.  
Beyond self-consistency, however, iij is normal procedure to test the ability of 

the model to reproduce observed behavior as well. Reproduction of this behavior
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was shown in Chapter II to be the criterion for measur ing the value of the 

basic river transport model. However, certain important distinctions 'exist3 

between the observability of a substance such as dissolved oxygen in which, 

no intra-stage transfer occurs and, say, eggs or larvae of fish. These 

organisms are not distributed throughout the estuary in the continuous fashion3 

of soluble substances such as salt or dissolved oxygen, but rather in a more 

random and discrete manner. Thus, any collection of samples, no matter how3 

thoroughly and scientifically undertaken can only represent a series of 

uncertain and varied percentages of the total number of organisms in theI 

river.3 

The apparent most comprehensive set of ob servations for the Hudson estuary 

by which the model can be tested is the Carlson & McCann data. These dataI 

reflect those inherent difficulties just de scribed as well as additional 

difficulties among which are both the inability to collect eggs located very 

near the river bottom and/or to obtain a representative amount of yolk-sac3 

larvae (0-2 weeks), and the avoidance of the nets by the older larvae. In 

the absence of this unavailable information and given the random distribution'I 

of the organisms, the data on actual behavior, unlike the mathematical behavior3 

in the model, cannot represent precisely either absolute concentration or the 

entire life history of the'bass in a continuous fashion.3 

Thus, perfect or even near perfect agreement between model and field data3 

should not be expected. The model will reproduce behavior comparable to 

field observations by the careful selection of parameters and by recognition 

of just what portions of the life history are being observed in 'the field.  

Such selection and recognition was made in comparing the model to the 1967 

Carlson & McCann data.
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If the original egg production inputs, which are based upon 1967 observations, 

and considered to represent only a portion of the actual egg production rate, 

the model, presuming other parameters are correct, should produce the same 

relative proportion of the "true" concentration of all stages, including 

3 both those that can be sampled and those that cannot. A "test" of this 

kind was successfully carried out and-showed that the model can reproduce 

3 observed Hudson River striped bass behavior.  

3 The model, therefore, has been shown to have the following characteristics: 

1. The ability to represent the complete life history 

of Hudson River striped bass.  

2. The ability to produce results which are in relatively 

.good agreement with field observations.  

3. The ability to yield more information than field 

observations because it both describes stages that 

elude sampling and it generates consistent absolute 

values.  

More importantly, the final objective of the model is not to produce 
a set 

3 of data but to predict plant, impact, i.e., to compare the background population 

level of the bass in the river to their level when the plant is operating.  

I Since the model describes quite thoroughly the manner in which river works, 

the way fish interact with the river, and the plant action o bt 
that is, 

how all the complex factors involved are related to each other 
itis capable 

of delineating an accurate percentage expression of expected 
mpact.  

B. TESTING PROCEDURE 

Carlson & McCann 1967 data [2] for eggs, early larvae, and la__ ,jrly 

juveniles, used for comparison with model results, are show. Ke'.  

U The following procedure was employed in testing with these :a .



FIGURE '16
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1. Using the egg data, compute the rate of spawning in terms 

of eggs dropped per river segment per day.  

2. Insert these egg production rates into the transport model and 

3 compute the egg concentration distribution in space along the 

river's longitudinal axis and in time from commencement to.  

completion of the spawning run.  

3 3. Compare the results of step 2 *ith the Carlson & McCann egg 

distributions in Figure 16 as a first test of the transport model.  

4. Obtain from the results of step 2 the rate at which eggs survive 

3 the egg life stage, hatch, and become larvae. The egg survival 

rate becomes the larval production or,generation rate.  

5. Continue running the transport model through the larval stage, 

. . using the results-of step 4 as the-larval input. Compute the 

distribution of larvae in space along the river's longitudinal 

axis and in time over the calendar period during which larvae 

* are known to appear.  

6. As a second test of the reproducibility of the transport model, 

compare the early larval distributions with the corresponding

3 computed results in step 5. These larval distributions are 

represented. by the first larval "hump" in Figure 16.  

7, Determine the production rate of early juveniles (the JI stage) 

3 by obtaining its equivalent which is the rate of survivors'of the 

larval stage determined from the larval stage computations of 

step 5.  

| "
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8. Continue running the transport model through the J1 stage, using 

the results of step 7 as the early juvenile input. Migration 

rates computed as previously described in Chapters II and III' 

are used in this step.  

Compute the distribution in space along the river's longitudinal 

azis and in time over the calendar period during which early 

juveniles are known to appear in the river.  

9. Compare the computed distribution of the juvenile I stage to the7 

corresponding later larval-early juvenile distribution which are 

represented by the second "hump" in the 1967 Carlson & McCann 

larval curves shown in Figure 16. This is a third test of the 

reproducibility of the transport model.  

Procedures used to generate further stages of first year development (juvenile3 

II and II's) are given in the previous chapter. Delineation of the results 

obtained employing this above described procedure is given in the remainingI 

sections of this chapter.3 

C. EGG STAGE 

The striped bass egg distribution as a function of time from the first day 

of spawning and of distance along the river's longitudinal axis is generatedI 

by the transport model once the distribution of the egg production rates 

computed as described in the previous chapter is put into the model.  

The model actually simulates real behavior in the Hudson River by moving the3 

spawned eggs downstream in the freshwater flow (the advection term), dis

tributing them in both direct~ons by tidal movement (the dispersion term),
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removing them by natural phenomena including predation, settling, etc.  

(the natural mortality term), and finally by allowing those which remain 

after 1.5 days of life to pass into the next larval stage (the egg survival 

transfer term).  

Figure 17 shows clearly the excellent agreement between the measured egg 

concentrations and those predicted by the transport model. It should be 

noted, however, that this is basically a check on the internal consistency 

3 of the transport model. The egg production rate employed in the transport 

model was developed using the 1967 data and the same survival percentage 

and life stage duration that was used to compute the egg production (via 

Equations 4 and 5). Although Equations 4 and 5 do not permit transport 

of eggs from segment to segment, the life stage of 1.5 days is 
sufficiently 

short so that the relative transport in or out of the 
segment should not be 

significant in each 1.5-day time increment.  

Nevertheless, the good agreement shown in Figure 17 is still clear 
evidence 

I that the transport model is functioning properly and has the ability to 
move 

i particles from point to point along the estuary in the proper manner.  

Compensation was not used in the egg stage, i.e., KO in Equation 
1 was set 

3 to equal to KE. The concentration of eggs should not significantly affect 

survival. Eggs are primarily self-contained and do not compete for food 

* sources.  

D. LARVAL STAGE 

3 Figure 16 of this testimony and Figure 8 of the Carlson & McCann report [2] .

showing 1967 striped bass egg and larval behavior indicate 
that the collected 

larvae begin to appear in the Hudson River about 2 to 3 weeks 
after the 

I
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start of egg production. However, as indicated in Section A of this 

chapter, these larval profiles represent organisms about two to three 

weeks old. In other words, they neither include most of the newly 

hatched larvae ('0 to about.2 weeks" old) nor. the older and more mobile 

larvae (3 to 4 weeksold). This finding is based upon a number of gear 

selectivity statements regarding mesh openings and net avoidances, made 

in References 2 and 3 and upon the reported mean length of these larvae 

of about 0.22 inches or 5 mm and associated range in length as shown in 

Table 1 and Figure 8 of Reference 2.- This length places the catch in 

the later days of'the yolk-sac stage. In other words, the Carlson & 

McCann larval observations employed in this "testing" step represent a 

portion of the total larval population that may have existed in 1967 and 

should be considered in this light.. ' 

On the other hand, the mathematical model delineates in a continuous 

fashion the entire life history of the striped bass and accounts for the 

fate of all organisms including the newly hatched and older larvae.  

Therefore, the 1967 larval observations should be compared with the 

3 corresponding sub-stage of the larval predictions.  

Figures 18 and 19 compare 1967 Hudson River larval observation-with pre

dictions corresponding to the entire larval stage (1-28 days old) as 

well as a number of larval sub-stages. Profiles corresponding to two 

survival rates (15% and 50%) are depicted in these figures.  

Figure 18 shows that when a 50% larval survival rate is presumed, predicted 

3 Hudson River concentrations for larval ages somewhere between a minimum age 

of 10 to 14 days and a maximum age of 28 days compare reasonably well with 

I
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the field observations in the first half of the calendar period during 

which larvae appear.  

During the last half of this period, the predicted values are somewhat 

higher than their observed counterparts. This difference is to-be 

expected since, as in the case with the newly hatched larvae, the field 

observations may not be representative of the actual behavior in the river.  

The larvae by this time are older and more mobile and, therefore, capable 

of avoiding the nets. On the other hand, the mathematical model, which 

does not recognize field survey deficiencies, should be expected to 

include the mobile larvae as well1 as newly hatched larvae in the analysis.  

Further refinement involved commanding the model to output the 10 to 21 

day age group composite concentration. This is seen to exhibit rather 

excellent agreement with the observed data. A further sub-stage selection 

of 12 to 23 day aqe. gxoup would probably yield virtually perfect agreement 

with the estuary average.  

These comparisons, coupled with the observations on larval length in JuneI 

catches, suggest the excellent ability of the model to reproduce the 

Hudson River striped bass life history.  

Figure 19 compares 1967 Hudson River larval observations with predictions 

made using a lower survival rate (15%) and the 1-28 day larval stage 

duration as well as a number of sub-stages. The agreement between the 

observations and the 6-28 day and 10 -28 day sub-stage profiles-isI 

reasonable, but not as good as with the 50% survival rate and the 10 to 

21 day sub-stage.H
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Figures 20 and 21 compare the transport model results with 1967 larval 

profiles for each one of the eight river segments, using survivals of 

10 15% and 50%. For convenience, Figures 20 and 21 depict predicted 

I profiles corresponding to both the entire larval stage (1-28 days) and 

selected sub-stages (10-21 days). The comparison should be made between 

the observations and the 10-21 day profiles with the understanding that 

other sub-stages, such as 12-23 days could have produced closer agreements.  

In general, these figures show moderately good agreement between the 

"collected" larvae and corresponding sub-stage predictions. The agree

ment is not exact, but peaks do occur in the approximate locations of 

U the sampling peaks and the areas under the sampling pvofiles, particularly 

on an estuary-wide basis are relatively close to the areas under the 

corresponding computed curves.  

Trial and error t esting of a variety of plausible egg production, variable 

*survival and sub-stage duration factors and/or introduction of gear 

selectivity parameters could have been employed to obtain even better 

I agreement. The notion of higher egg productions seems to be a particularly 

3 likely possibility. Although the 50% sub-stage 10-21 day olds show 

particularly good agreement on an estuary average, 50% seems to be high 

for larval stage survival. Furthermore, agreement between measured and 

model concentrations in individual reaches is less good, suggesting 

segment-variable mortality fact~ors. Each of these considerations is 

worthy of further investigation.  

As discussed in Section A of this chapter, the observed concentrations 

I. must be viewed as relative rather than absolute indications of the
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population density of any stage. Since each observed stage density may 

represent a different relative proportion of the true population for 

that stage, there is nothing to be gained by forcing perfect agreement 

between model and observed results. The model sub-stage concentration 

predictions are equally likely to be accurate representations of the 

true concentrations as are the observed concentrations.  

Furthermore, the model is filling in the gaps; in the data on life history, 

due to incomplete sampling acknowledged to be incomplete.3 

E. LATER LARVAE-EARLY JUVENILE STAGE 

The second "humps" in the Carlson & McCann data (Figure 16 in this testimony) 

are considered to be representative of a portion of the juvenilelIstage.I 

The juvenile I's have a stage length of 30 days and represent those larvae 

which survived through the 28-day early larvae stage. The juvenile I's 

possess swimming ability, but are still sufficiently small to be entrainable3 

by the plant. The size of the fish at the end of the first 60 days of life 

(end of the juvenile I stage) ranges between 1.5 and 2 inches.I 

Results of the juvenile testing step are depicted in Figure 22 for the entire3 

study reach and in Figure 23 for each of the eight river segments. The two 

predicted profiles shown in these figures represent predictions made usingI 

the survivors of the larval stage distributions corresponding to the 15% and3 

50% larval survival rates as J1 recruits.  

The predicted distribution of juvenile I stage was obtained by using the 

computed termination of larval stage distributions to initiate activity in the3 

juvenile I stage, and by employing the 1967 mid August data on striped bass 

distributions (i.e., near the end of the juvenile I stage) to direct their 

migration pattern.3
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In general, the model produced proper order of magnitude results with peaks 

at the approximately correct times but having values somewhat higher using 

3the 50% survival rate for larvae and lower, using the 15% s urvival rate than 
1967 collections. As in the case of the larval curves, the predicted 

3 juvenile I profiles begin before and extend beyond the observations. The 

latter in particular should be expected since the model produces concentrations 

I of fishes 30 to 60 days old. These older fishes are not expected to have 

been part of the 1967 sample.  

The comparison shown in Figures 22 and 23 is not only indicative of the 

* Imoderately good agreement between the transport model predictions and the 
measured values for the later larvae-early juvenile stage, but also the 

continuing good ability of the transport model to move through a whole 

I series of stages and to characterize field limitations. In summary, the 

model has been shown to be successful in taking a given spawning rate as a 

I function of river location and calendar time and via internal transport 

3 model mechanisms, generating egg, early larvae, and later larvae-early 

juvenile distributions, totals (eggs) or substages (larvae, juveniles) 

I corresponding measured data. We consider this to be an indication of the 

model's excellent capability to simulate striped bass behavior in the 

I Hudson River.



-77-

W V. EFFECT OF PLANT OPERATION 

Runs were made to evaluate the effects on the bass population of two 

unit operation at Indian Point. The plant impact was defined in terms 

3 of the reduction in recruitment to the one year old class, and in 

reduction of the total adult population (age groups 1 to 13).  

The primary determinant of the reduction percentage is the "f"r factor 

I in each stage. Accordingly,-runs were-made for two sets of "f" factors, 

as follows: 

1. The current best estimates of "f" in each stage.  

I 2. The apparent maximum values of "f".  

I' Rationale for selection of values for each category is discussed in detail 

in Chapter III. Values selected were: 

"f" Factor Category EgLarvae JI J II ill 

ICurrent Best Estimate 0.4 0.4 0.-1 '0.003 0.01 

Apparent Maximum Values 0.4 0.55 0.3 0.004 0.01 

3"Current best estimate" signifies those values which, based on the data 
available, appear to be reasonable yet conservative. For example, the 

3 evidence relative to eggs suggests a value of 0.2 may well be supportable, 

based on buoyancy characteristics alone. Furtherm ore, their apparent 

good ability to withstand temperature and pr essure changes would justify 

3 an even lower value.  

"Apparent maximum values" signify those values which, again based on the 

I. data available, are considered to be rather conservative estimates of 

the actual effect.
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Note that the impingement factors are simply those which yield a striped 

bass fish impingement of 46,000 fish.  

Life stage, natural survival percentages and mortality rate factors are 

given in Tables 22 and 23 for the two categories considered. 3 
Results of model runs for these conditions are given in Table 24. These 

results show clearly that the impact of the plant can to expected to be 

small under any set of reasonable estimates of exposure of the early stages 3 
of the striped bass to entrainment and impingement.  I 
Table 24 shows that the reduction in the one year old population reaches 

an equilibrium level in about five years. The reduction in the total 3 
population tends to reach an equilibrium level in 5 to 10 years. The 

adult population should respond to the impact at a slower rate because 

the young of each year begin to feel the effect immediately after plant 

operation, while the total population must lose through natural attrition, 

all those bass living in the river at the time operation begins before 3 
equilibrium is reached.  

Several additional considerations suggest that the plant's impact will 

be lower than that predicted above. 3 
1. Evaluation is made in terms of Indian Point two unit i 

operation. The basis for analysis, however, is the river 

condition in the late sixties and early seventies, a time 

when Indian Point Unit 1 was already in operation. Indian 

PointUnit loperates at approximately one third the flow I 
of Unit 2. The impact above the base case of Unit 2 @1 

I



TABLE 22 

FISH LIFE STAGE AND MORTALITY PARAMETERS

Run #1 - Current Best "f" Estimate

Percentage 
Survival 

10 

15

First Order 
Mortality Rate 

(day- 1) 

1.5 

0.068

Minimum 
Mortality Rate 

(day-l) 

1.5 

0.017

"Equilibrium" 
Concentration 

(Number/TCF) 

0.0 

2.0

Juvenile I 

Juvenile II

30 

98.5 
to 

147.5

0.054 

0.005

0.027 

0.025

0.5 

0.1

0.1 

0.003

0.075 0.01
18.98 0.01 0.005

Stage 

Egg S 

Larvae

Duration 
(days) 

1.5 

28

f Factor 

0.4 

0.4

Juvenile 111 158



TABLE 23

FISH LIFE STAGE AND MORTALITY PARAMETERS 

Run #2 - Apparent Maximum "f" Values

Stage 

Eggs 

Larvae

Juvenile I 

Juvenile II 

Juvenile III

Duration 
(days) 

1.5 

28

30 

98.5 
to 

147.5 

158

Percentage 
Survival 

10 

15

First Order 
Mortality Rate 

(day
- 1 ) 

1.5

0.068 

0.054

0.005

18.98 0.01

Minimum 
Mortality Rate 

(day-i) 

1.5

0.027 

0.025 

0.005

"Equilibrium" 
Concentration 
(Number/TCF) 

0.0 

2.0

0.5 

0.1 

0.075

* * a a

f Factor 

0.4 

0.55

0.3 

0.004 

0.01



I

Age Group 1 Year 5 Years 10 Years

Run #1 - Current Best_"f" Estimates

1 Year Olds 

Years 1 to 13

2.5 

2

3.5 

3.5

Run # 2 - Apparent Maximum "f" Values

1 Year olds 

Years 1 to 13

6 

-6

TABLE 24 

EFFECT OF TWO UNIT PLANT OPERATION ON 

HUDSON RIVER STRIPED BASS POPULATION 

Percentage Reduction after Years of Operation

I 
I' 
U 
I 
I 
I 
I 

I.  
I 
I.  
I
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operation alone is approximately 75% of that reported for 

two unit operation.I 

2. Continuing studies on entrainment mortality are expected to 

show that such mortality will be less than 100% in the egg 

and larval stages. Furthermore, the estimate of 50% mortalityI 

in the early juvenile stage may be high, particularly in view 

of the fact that dead and damaged fish in the samples taken 

so far tend to be predominantly earlier stage larvae.3 

This study has demonstrated the significant role, in assessing impact, of3 

the distribution of early forms of the striped bass in the general vicinity 

of the plant. A study should be designed to evaluate this role in fuller3 

detail. Such a study should include: 

1. Day and night sampling at several lateral and vertical stations 

at river sections north, south and opposite Indian Point. SuchI 

efforts have been made in the past, but should be intensified3 

in the spring and early summer of 1973. Particular consideration 

should be given to deeper sampling than has been practiced to3 

date, to give a more representative picture of the deeper water's 

contribution to the section-average density.I 

Sampling should take place over at least one and preferably two3 

24 hour periods during each week beginning in the last week of 

April and continuing through August.. Attention should be givenI 

to proper net selection to yield representative capture of as3 

many stages of the fish's life history as possible. In this
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regard, particular attention might be focused on the newly hatched 

larvae and on the later larvae-very early juveniles.  

2. Simultaneous with item 1 above, sampling of intake and discharge 

to determine avoidance factors (f2~) and cropping rates (fc).  

I Preliminary investigations toward this end, conducted during 1972, 

indicate gear improvements are necessary to insure representative 

capture and to avoid death by sampling.  

Iconduction of this study during actual operation of Unit 2will 
permit evaluation of the rate at which any population draw'down 

is replenished (the f3 factor).  

1 3. Evaluation of the data developed in these two complementary study 

efforts by use in the transport model, and, vice-versa, continued 

refinement of the model to permit greater accuracy and confidence 

3 in its predictions.  

3 In this regard, some emphasis should be placed on evaluation of 

the notion of differential egg, larval and early juvenile survival 

I rates in the various segments of the Hudson. This could be 

p 3 accomplished by implementing the type of program described above 

at other existing and planned Hudson River generating stations.  

Uother areas of further study should include continuation of the determination 
of juvenile distribution through the late spring, summer and fall months 

(migration preferences) and determination of'up-river migration rates, 

3female fecundity, fertilization and fertilized egg survival rates to estab lish 
the basis for progress through subsequent stages more soundly.
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APPENDIX II

LIST OF SYMBOLS 

Parameter Description 

AtE The egg life stage.  

AtL Length of larval stage.  

AtJ Length of juvenile stage.  

f Cropped fraction of the ithstage. The parameter "f" 
is determined by sampling the intake and discharge and 

then comparing intake and discharge survival percentages.  

flRatio of the daily average river concentration of stage i 

fli in the general vicinity of the intake (east bank, upper 
layer), to i" 

Ratio of the actual intake concentration to f .  

under existing conditions of operation. f 

f3iA factor which recognizes population depletion 

in the immediate vicinity of the intake may not be immedi

ately replenished.  

K Generalized unit mortalityorate.  

K The overall mortality rate during the i
th year.  

c-1 

KE Conventional first order or "equilibrium" rate, day 

KEi First order mortality rate for eggs. This is selected 
as constant for the eight sections. The value selected 

is 1.53 day-1 and corresponds to an egg survival of 10% 
in 1.5 days.  

K. The first order removal rate for that year class.  1 

K Minimum unit mortality rate consistent with system 
0 biology.  

KOA. KEA. The unit mortality rates at N = 0 and N 5 , 

1 1 respectively. Ai 1 

N Actual fish concentration at any point 
in time (week and 

year) and space (river location).



Parameter Description 

N Number of adults in year class i at start of year.  Bth 

NE. iSpatial average egg concentration in the ith segment.  
1 Carlson & McCann egg concentration data in each segment 

were used to evaluate (N E).  
1I 

N "Saturation" or equilibrium population level, fish per 

unit volume.  

NSA The characteristic saturation or carrying capacity con- i 
SAstant for that year class. This is equal to the 

population of that year class when the plant is not 

operating.  

P.'(t) Spawning rate in the ith segment, expressed as eggs i 
1 spawned per day per thousand cubic feet.  

TCF Thousand cubic feet.  

TCM Thousand cubic meter.  

I 
i 
I 
I 

eI 
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( The AEC Staff, in the Draft Detailed Statement of April 

13, 1972, has-addressed itself to the question of entrain

ment of fish eggs and larvae at Indian Point. Detailed 

analysis of the possible effects of such entrainment have 

been presented. Conclusions to these analyses appear in a 

number of locations. Pertinent quotations are as follows: 

1. In Sunmmary and Conclusions, page ii 

In Unit No. 2, aquatic biota impinged on the intake structure 

or entrained in the cooling water will be exposed to severe 

mechanical, chemical (chlorine), and thermal conditions; as 

a consequence, up to 25% of the average number of eggs 
and 

larvae of certain species of fish that annually pass by 
the 

Plant ray be killed; under the most adverse conditions, up 

to 100% of some of the entrained planktonic species may be 

killed; and fish kills of a magnitude two or three times 

greater than those caused by Unit No. 1 may occur.  

2. In the Summary of Conclusions, page iv 

From review and evaluation of the applicant's Environmental 

Report and Supplements thereto, and from independent 
observa

tions and analyses discussed in this Statement, the regulatory 

staff has reached the following conclusions concerning 
the 

environmental impact of the Plant's operation: 

a. The operations of Units Nos. 1 and 2 with the present once

through cooling system has the potential for long-term 

ehviron7ental impact on the aquatic biota 
inhabiting the 

Hudson River which could result in permanent damage to the 

fish population in the Hudson River, Long Island 
Sound, 

.the adjacent New Jersey coast, and the New York Bight 

The potential impact is due to possible damage to aquatic 

biota (including fish eggs, larvae, and plankton) from 

entrairrnent %in the cooling'water system resulting in 

exposure of the biota to severe mechanical, chemical 

(chlorine) and thermal conditions and impingement 
on the 

intake structure.  

b. The estimate of potential environmental impact 
identified 

above and discussed in this Statement is based 
on inconclusive 

and incomplete data from the applicant. Existing information 

is insufficient to accurately predict the degree to which the 

I'"e potential damage will eventually take place during operation.



In Chanter V, "Environmental Imnacts of Indian Point 
Unit No. 2 with Unit ,o. 10 oeration", Section D-2-e, 
"Bioloaical Impact of Station Oneration of Unit Nos.

1 and 2, Sourccs of Potential B.iblocical Damaqe, 
Entrainment." page V-42 

Large numbers of planktonic organisms will pass through the 

condensers during Plant operation, and, more importantly, a 

considerably large proportion of the biota will be withdrawn 
with the addition of Unit No. 2 (Fig. V-5). These organisms 
will include bacteria, planktonic algae, many invertebrate 

species, fish eggs and larvae. Table V-6 lists the fish species 

in the area whose eggs and larvae are known to be vulnerable to 
entrainment. During their passage through the Plant, these 

organisns will be exposed to mechanical, thermal and chemical 

damage. High mortality r.ay result, especially for fragile 

species or during periods of chlorination. The methods used 

to determine the fraction of organisins entrained are presented 
in Appendix V-l. The monthly average probability of randomly 

distributed plankton moving downstream to be withdrawn varies 

from a lo, of about 61 in April to a high of 31% in August, 

although during drought conditions withdrawal may exceed 45%.  

Plankton that migrate via density flows to maintain their 

position in the river will be the most susceptible to entrain

ment, since they may remain in the area for several weeks.  

4. In Chater V, "Environental Imoact of Indian Point 
Unit No. 2 with Unit No. 1 0Oeration," Sect:ion D-3-a, 

"Biolo-qical lmoact of Station Ooeration of- Units No. 1 

and 2, - Probalble .ioloqicai Effects, - Direct Effects 

of Plant and Station Ooration on Biota." page V-52 

The striped bass is the best-studied species in the area that 

appears to be vulnerable to population changes and will be used 

to illustrate possible Station impact. Adult striped bass 

migrate upstream in the spring and spawn upstream from Indian 

Point. The eggs and larvae drift with the currents in a net 

downstream direction; large numbers pass the Plant. Several 

studies have indicated that the principal nursery area for the 

species is below Indian Point in Haverstraw Bay but that there 

are some less extensive nursery areas upstream. High entrainment 

mortality of larvae and eggs as they drift pxast Indian Point 

Units Nos. 1 and 2 could result in a loss of 25% or more of the 

larvae and eggs that pass the Plant en route to their nursery 

area (see Appendix V-II). Based on the sizes and numbers of the 

young of the year in the estuary in late July and August, it 

appears that 75% to 90% of the surviving portion of the total 

yearly reproduction is below Indian Point. If we assume: (1) 

that all those fish migrated past the Plant during a life stage 

which was susceptible to entrainment; (2) that density-independent 

S... ..4 •- , ,'- %: , ; .•, . ..4 , %? ' ,:
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factors are responsible for mortality in the populations; 
and 

(3) that entrairr.ent mortality is 100%, then the operation of 

Indian Point Units Nos. 1 and 2 will effectively 
reduce recruit

W ment resulting from reproduction by about 19% to 22%. 
This is 

a maximum estimated loss of recruitment which 
would result from 

entrairent of 25% of the striped bass eggs and larvae that pass 

the Plant and would not likely be reached. However, losses of 

the young of the year and 1-year age 
classes from impingement 

on the intake screens will add to the actual entrainiment mortality 

and could offset the increases in survival during entrainment, 

so that the total yearly recruitm'ent loss for each subsequent 

year class in the population may be as high as 15% to 20% from 

direct effects of Plant operation. 
Sustained reproductive losses 

of this magnitude over a long .period of 
time would result in 

substantial reductions of the striped 
bass populations that 

spawn in the Hudson, including 
those of both the Hudson itself 

and the area from the south New Jersey coast to Long Island Sound.  

This statement is followed by 
a discussion of numerous factors 

that may partially offset the estimates 
given above. The 

section is then concluded: 

These same arguments apply to other species that spawn in the 

area and may cause important losses of recruitment 
to local 

populations of the alewife, blueback herring, bay anchovy, 

tomcod, smelt, and Atlantic siLverides, as well as striped 

bass.  

5. Chapter VII, "Adverse Environmental Effects which cannot 

Be Avoi..ed," Sect. n "ractcr.; Resnonsibe for Adverse 

Effects, page VII-I.  

Several factors associated with the operation of Indian Point 

Units Nos. 1 and 2 are capable of 
producing adverse effects.  

The nore important of these factors 
in the order of their 

importance include: 

1. Entrainment of large nu.mbers of planktonic organism 

in the once-through system .....  

0



6. Chanter VII, "Adverse Environiental Effects which cannot 

be Void(-'Section B-4,11. obable Adverse Effects 

Biological Irpzact," pace VII-6.  

The entrairr-.ent of plankto
nic organisms appear to be the 

most 

serious threat to the aquatic 
cor-iunity. Entrained organisms 

will be exposed to mechanical, 
thermal, and chemical damage.  

Most species of the aquatic 
organisms in the area will 

be 

subject to entrainment at 
some life stage. These .include 

phytoplankton, planktonic 
crustaceans, and larval stages 

of 

benthic invertegrates and 
of many of the estuarine 

fishes 

which use the area for spawning. The species of fish which 

appear most likely to be affected include the striped 
bass, 

alewife, biueback herring, 
tomcod, smelt and white perch.  

7. Chapter VIII, "The Relationship Between Local Short 

Te-.F Usagae n Man ' s Enviroi-,ent and Maintenan ce and 

Enha ceent o Lc7' vsecItion B1 
E ncorTcanancc-z nZ- 

V t, 3-2a, 

"Uses of Adverse to Proc1Ctivitv/ - Water U.es, Paqe 

VIII-4 • 

In consideration of the 
impacts and alternatives 

discussed in 

detail in Chapters IV, V, VI, VII, X and XI, the staff has 

concluded that the only effect of the operation possibly inimical 

to the objectives of NEPA with respect to productivity is the 

potential for further 
degradation of the 

Hudson River estuary, 

-which is used as the spawning ard nursery area in the life cycle 

of many marine aquatic organisms that spend much of their adult 

life in the coastal areas 
of northern New Jersey, 

New York and 

Long Island. Such degradation would, 
indeed, over the long

term diminish the prcductivity 
of the area to an extent that can

not be stated in precise 
terms at present. Only the yearly cost 

of replacing the estimated nuirber of fish that might be killed 

has been calculated (see Chapter XI). The ultimate impact on 

commercial and srort fishing has not been estimated, since the 

decline of the Hudson River fishery is problematical at this time.  

8. Chanter IX, "irreversible and Irretrievxable Conimitments 

of Resour: s, SeT-ofl B, -Tte and Aoiurrc-SO s---S, 

page IX-4 

The proposed action when taken has a potential 
of affecting 

the aquatic organisms 
essential to maintaining 

a fish population 

of the Hudson River as 
well as that along the Long Island 

Sound, 

W,! T - • • 7



ne'd Jersey coast and the Mew York 
Bight so that the population 

( could deteriorate beyond the point of rehabilitation. 
In this 

event, operation of the Plant could 
entail an irreversible 

comirnitment of the river as a resource.  

9. Chapter XI, "Alternatives 
to Prouosed Action and Cost 7 

. . .s cc- I, e ti on B 

Ben it Inal VS oF EnvIron.ental 1.E ests, 

-uflIP.ry of 1-rltives, Daqe- 2.  

The important areas of disagrerment 
between the applicant's 

analysis and that of the staff 
are the following: 

(2) Environmental effects from 
operation of the intake-discharge 

structure have a potential for 
long-term significant 

biological damage to aquatic bioto 
not only in the localized 

area in the vicinity of Indian Point Unit No. 2, but also 

in the Hudson River estuary, New Jersey coast and new York 

Bight. (see Chapter V.D. 3) 

There are other areas of difference 
which are relatively minor.  

The staff feels that there are 
insufficient data available to 

make a reasonably accurate estimate on long-term effects on biota.  

Of the major differends between the staff and the applicant in 

the analysis and evaluation of available information, the entrain

Sment of nonscreenable fish eggs,.larval, 
and fingerlings and the 

impingement of fish on the intake structure appear to be the major 

impacts on the aquatic ecosystem. 
Although the staff does not 

feel that the impacts can be 
quantified at this time, the 

staff 

does not agre,- with the small 
impact of about 2-3% damage to 

eggs 

larval made by the applicant. 
Details of the staff's disagreements 

are given in Chapters V.D., 
and Appendices 11-1, V-2, and 

XI-I.  

10. ntrainment," pae A-69 

Thus, the probability that 
a larval striped bass migrating 

down

stream would be entrained is 
about 25"S. Comparison of the freshwater 

inflows used in these calculations 
with inflows during the period 

from 1944 to 1964 indicates 
that these values were similar 

to the 

median conditions.  

A discussion of various 
offsetting factors then 

follows: The 

Staff then concludes: 

consequently, the Staff 
believes that the total 

average probability 

of withdrawal of larval striped bass migration downstrewn past 

the Station is approximated 
by the 25%. figure, and that this 

fraction is the best estimate than can be made using available 

information.  

..........................................



In conclusion, based on 
these considerations, about 

25,. of the 

larval striped bass, may be entrained as 
they migrate downstream 

past the Indian Point site.  

The Staff supposition 
of damage to the Hudson 

River fishery 

S4- ihe population in the offshore 
waters thus appears

b- he orimarily based on its 
calculation that some 25% of the

planktonic forms of many of .the various 
fishes using the estuary 

will be entrained and 
presumably destroyed.

Our approach in these 
comments is directed 

first at a critical 

evaluation of the-procedures 
employed by the Staff 

to obtain 

the 25% factor, and then 
will address the nujerous 

non-quanti

tative statements made 
by the staff regarding 

possible offsetting 

mechanisms.  

The critique to follow 
will include the following 

items: 

1. A demonstration tlat the Staff calculation of

available dilution flow at Indian 
Point, as given 

by Equations 1 and 2 
and Figure A-II-

6 , in 

Appendix II-1, entitled 
"Characteristics of 

Hudson 

River Circulation 
at Indian Point, in 

Relation to 

Dilution," employs an inaccurate 
and theoretically 

unsupportable methodology, 
and in the Hudson 

seriously underestimates 
available dilution flow 

at Indian Point.  

2. Modification of the 
probability model given 

by 

Equations 1 through 
12., Appendix V-2. This 

probability model 
was .einployedby 

the Staff to 

compute entrainment 
loss. The modification 

includes 

the quantification 
of the influence of 

vertical 
diurnal movement and estuary density flow on entrain

ment.  

The'Staff's calculation of 
a 25% entrainment loss is then 

revised, employing a theoretically 
and experimentally 

supportable means of estimating 
dilution flow in the 

Hudson River, and the modifications 
made on the probability 

model.



i. Criticism of Staff Calculations of Available Q Dilution Flow at Indian Point 

Pages A-4 through A-7 state clearly the Staff's 
belief that 

the flow available for dilution in an estuary is 
given by: 

QF 

QT = l-/0 

... (1) 

in which: 

= total dilution flow at point in the estuary 

QF= net freshwater discharge 

S = the section average salt concentration 
at a 

given point along the estuary's longitudinal 

axis 

S = the ocean salt concentration 

Equation (1) above is'identical to Equation (2) (Page A-4), 

provided that the salinity of the freshwater 
is zero, and 

that volume is replaced by volume per unit 
time, or flow rate 

(Q). The assumption of zero salinity in the freshwater 
dis

charge is quite valid for the Hudson River. 
The staff replaces 

volume by flow in constructing Figure A-II-6.  

Freshwater flow and salinity data taken 
from the applicantts 

Environmental Report Supplement are then 
reproduced in Figure 

A-II-5. These data are then employed in conjunction 
with Staff 

Equation (2) to obtain the relationship between 
freshwater flow 

and dilution flow at Indian Point in 
Figure A-II-6.  

-TIT



We submit that this procedure is 
generally invalid in pre

dicting estuary dilution flows. 
We will show that this 

method of predicting estuary 
dilutibn flow defies analytical 

development, and has-been
.discounted by most investigators 

shortly after its appearance 
in the literature in the early 

1950 ".  

The Staff's reference for 
their Equations (1) and (2) is a 

paper by Ketchum, entitled 
"Eutrophication of Estuaries", 

which appeared in 1969 in the 
proceedings of a symposium on 

eutrophication.1 Pertinent excerpts from this 
reference follow:

I will mention a few of the essential 
characteristics of estuarine 

circulation as they relate to 
the distribution of pollutants. 

I 

will not go into detail becat2 e this is covered by 
Carpenter, Pritchard 

and Whaley in this v.,lure (page 210). The estuary offers advantages not 

offered by the river in its ability to dilute and disperse added con

taminants.  

In the river itself, the volume 
of water available to dilute 

a 

pollutant is furnish, .irpl ; by the river flow, which carries 

the conttnant downs rea at a rate determined solely by the 

river flow and the geometry 
of the river bed. In the estuary, 

the circulation is more corplex, 
although the net seaward flow 

is also determined by the rate of river flow. If no mixing 

were involved, this fresh river water would merely flow seaward 

as a layer on top of undiluted seawater. ,fixing is involved, 

however, and salinity gradually increases down the estuary as 

river water mixes with more ard ore seawater. Seawater must 

flow into the estuary to provide the salt needed to balance the 

system. In a steady-state condition, the volume of seawater 

entering the estuary in a given unit of time equals the volume 

flowing out; there is no augmentation of the net seaward flow.  

The seawater thus entrain. .'-h r r eS, however, 

increase t1e di1uting cauaci t: of the mixed water that is 

escavina r t:4'e esc:i77T,:s effect can be evaluated by 

using the disribution o saft water and freshwater in the 

e St:'U -

Le 1 Ketchum, B.H. ..Eutrophication -of Estuaries". 
Eutrohication: 

Causes, ConseuencCs, 
Corrtives. National Academy of Sciences, 

Washington, 1969. p. 197

S...



.The amount of freshwater contained in anti given sample of 

brackish water can be calculdte+d from the salinity, since 

in which F is the fraction of freshwater in the sample, S 

-is the salinity of the sample, and G is the salinity of the 
"source" seawater. If the averace freshwater content of a 

complete cross section is ;nw., the volume. available for 
the dilution of the pollutant at tnat location can be 
approximated. To obtain the fraction of freshwater in a 

complete cross section of the estuary, it is necessary to 

integrate the values from top to bottom and from bank to 
bank. The volume available for the dilution of the nol

lutant in a civen veriod is determined anDroximately by 
dividing the rate of river flow bu the fraction of fresh
water in the cross section.* If the section is 50 percent 

freshwater, two volu;-es must move seaward to move one 
volume of river water seaward. Closer to the mouth of the 
estuary, where the amount of freshwater has been reduced 
to 10 percent, ten volumes must move seaward to remove 
the river water. A more Precise determination of the 
dilutin. volume reuirs detailed. kno.;ledge of the cir
culation. But this simmTe calculation sh:ows that the 

total volume available for dilution increases in the sea
ward direction.  

The underlined statements show clearly that Ketchum's estimate 

of dilution flow is given by Equation (1) above, or Equation 

(2) in Appendix A-2 of the AEC Draft Detailed Statement. Note 

that the last section of the excerpt suggests that Ketchum 
him

self could be viewing this calculation as merely an indication 

of a trend toward increased dilution as one moves seaward in an 

estuary, rather than a hard and fast quantitative estimate of 

dilution flow.  

This last statement is made recognizing that Ketchum introduced 

this method of computation of dilution flow in the early 1950
s .  

Note: Underlining added for purposes of this reviewer.  

*This statem.ent, com.'ined with Ketchum's expression for the fraction of 

freshwater, is precisely equivalent to Equation (1) above.  
2Ketchum, B.H. "The Flushing of Tidal Estuaries". Sewage, and 

Industrial W-astes, Vol. 23, No. 2, February 1951. pp. 19S-209

'W
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Before presenting various coments from the literature 
on 

( this computation procedure for estimating dilution flow 

in an estuary, a few statements oh the calculation are in 

order.  

The calculation of the fraction of freshwater 
flow at any 

point in the estuary, given by Ketchum's definition 
of 

"F", above, or by the denominator of Equation (1), above, 

is generally accepted as correct. This merely states that 

at any point in the estuary a certain percentage 
of the 

water there is of freshwater origin, and the 
remainder is 

of ocean origin. This split can be obtained by recognizing 

that the total volume is the sum of the volume 
of ocean 

water origin, containing salt of ocean concentration, 
and 

the volume of freshwater origin, containing 
no salt.  

The problem arises when one attempts to 
show that this 

percentage split can be employed, along with 
the fresh

water flow, to calculate movement or dilution 
flow.  

Ketchum, for example, in the excerpt given 
above, simply 

states; 

The volume available for the dilution of the pollutant 
in a 

given period is determined approximately 
be dividing the rate 

of river flow by the fraction of freshwater in 
the cross 

section.  

After presentation of the literature comments 
on Ketchum's 

work, we shall show the problems which 
arise when one tries 

to demonstrate the validity of Ketchum's 
procedure analytically.



In 1953, Stominel, a coworker of Ketchum's at 
the Woods 

( 'Hole Oceanographic Institute, presented 
a paper 3 in which 

his intent was to providea method 6f estuary 
pollution 

analysis that would avoid 
the difficulties that had 

been 

observed in employing Ketchum's 
methods since its intro

duction in 1950. It should be.noted at this 
point, that 

Ketchum's major contribution 
was not the computational 

procedure given above, but 
rather a modification of the 

"Tidal Prism" concept, a 
procedure that had been employed 

to estimate dilution flow, 
but which was shown by Ketchum 

to overestimate that flow 
very grossly. Ketchum merely 

employed the computational 
procedure discussed above 

as a 

means of verifying his prediction- 
via the modified 

tidal prism, of dilution flow. 
Stormel's introductory 

remarks are excerpted below: 

Papers recently publishe'd by kthum (1) and Arons and Stomel 

(2) have presumed to give a 
thcoretical account of the distri

bution of freshwater in an ertuary. Pritchard (3), however, 

justly has pointed out that these treatments are at best appli

cable only to estuaries so intersely 
tidally mixed that they 

exhibit no vertical stratification. 
In such cases the salt 

is carried u"pstTcam a ;ainst the 
main river flow by turbulence.  

Ketchuml proposed a rYixig prccess, which he called 
"exchange 

ratio", and was able to compute the salinity distribution in 

the Raritan. Using the published data (4) on the Severn estuary, 

the author and Harlow G. Farmer found that the method of the 

"exchange ratio" gave a qro !iu incorrect salinity 
distribution.  

Inasmuch as t h:e evc:rn z; ur: tr :.iCd., and a.rar to fit all 

the recuiremonts of Kortc.'m'5 analusis, it is muite clear t-iat 

the metod of t:c exc:.2ance raU-io is not near2u so ceneral as 

was pro lose ..  

: 3 tor , ?;enry "Computation of Pollution in a Vertically Mixed 

• " Estuory"'. Contribution !"640 from the Woods Hole Oceanographic 

Institution. Sewage and Jlstrial Wastes, Vol. 25, No. 9, 

Septe .ber 1953. pp. 1065-1071.
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Pritchard 4 ,5 ,6 has discussed, on a number of occasions, 

the various procedures employed 
by Ketchum. Reference 

Qr 
4 is a written discussion, 6 a papdt by Todd and Lau, in 

which Pritchard disagrees strongly 
with the manner in 

which these authors' propose 
that estuarine salinity pro

files be employed to estimate 
freshwater flow. The proposed 

method employs an approach similar 
to Ketchum's. Excerpts 

from this discussion follow: 

The estuary offers many interesting 
and important problems to 

the physical hydrographer, and 
it is encouraging to find that 

hydrologiats are extending their work into this intermediate 

zone between the river and the 
ocean. It is unfortunate, how

ever, that this paper by Todd 
and Lau exhibits a lack of under

standing of the echanisms of circulation and 
ixing in a tidal 

estuaru.  

To a casual reader the concepts 
presented by these authors are 

disarminiu~ ciar ad si ole.. Unfortunately, they have not 

used tile basic hydrodynaWic concept of continuity 
in its 

complete forn which has led 
then to misinterpret the equations 

they develop, particularly their 
Equ. (i). The error results 

from the assuption that seaiwater 
on the one hand and freshwater 

on the other can be consiaercd 
as te two species involved in 

the mixing processesin an estuary, 
when in-'fact, the two 

separate species which are involved 
are the salt and the water.  

The processes of turbulent diffusion, 
or 'mixing9 , can lead to 

a net upstream transport of salt 
without a net upstream trans

port of water....  

4 Pritchard, D.W. "Discussion of 'On Estimating Strearm Flow 
into 

Tidal Estuaries," by David 
K. Todd and Leung-Ku Lau." 

which 

appears in Transactions, 
American Geophysical union, 

Vol. 37, 

1956, pp. 46G-473. Pritchard's discussion 
appeared in Vol. 38,.  

No. 4, A-ugust 1957. pp. 581-584.  

5 Pritchard, D.W. "The Equation of 1 ass Continuity 
and Salt Continuity 

in Estuaries". Journal of t-arine Research, Vol. 17, 1958..  

pp. 412-423 
6 Pritchard, D.W.. "Estuarine Hydrography". Recent-Advances in 

Geophysics, Vol. 1, 
1952.
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..The error results from an incomplete use 
of continuity 

concepts which presents a continuity 
argument for fresh 

water only. Actually there are two species to which 
the 

continuity concepts apply in the estuary: 
the water (actually 

mass) and the salt. Other i'ivestigators have made this 

same error. An apparent reasonable argument is 
frequently 

presented along lines something like 
the following: A 

certain amount of fresh water flows 
into the estuary from 

the river. In order to-maintain continuity an 
equal amount 

of fresh water must be carried through 
each section, and 

since, as one proceeds down the estuary, 
the salt content 

increases, it is evident (?) that only a portion of the 

volume can be fresh water, and so 
the seaward directed flow 

must increase in proportion to the 
decreasing fraction of 

fresh water. The correct application of continuity 
concepts.  

recognizes that it is the mass 
of water on the one hand, and 

the salt on the other that is conserved 
over one or more 

tidal cycles, not the 'fresh water' ....  

...It might be appropriate to point 
out that Ketchum (1950) 

made the same questicnable assumption 
that Todd andLaudid 

when he defined a non-tidal drift 
(NTD) as NTD.

= R/F x A.  

Ketcrhum's argu~nents rirallel the disarmi-ncl! simrle but 

erroneous vresencaan qiven earlier in rhis 
critique.  

We interpret the authors 
(Todd and Lau) closure 

to Pritchard's 

discussion, as a circumlocution 
of Pritchard's arguments, 

rather than'a direct 
statement of disagreement, 

suggesting 

their recognition of 
the accuracy of Pritchard's 

analysis.  

The following statement 
appears in a very extensive 

analysis ~7 

of the effect of 
pollution on the 

Thames Estuary.  

7 "Effects of Polluting Discharges 
on the Thames Estuary". Department 

of Scientific and Industrial Research, 
Water Pollution Research.  

Technical Paper :'o. 11, Chapter 14, 'Tidal Kixing', under Section 

entitled" 'Theories of Estuarine 
Mixing', 1964. p. 392 

r ( 
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KETCIUNI'S THEl'ORY 

( Netchum"'- dividcs an estuary into c.,ic'nts such that the length of each is cqual to the average 

excursion of a particle of watcr on the iod tide. The positifon of the landward boundary of the 

first egmwnt is determined by the river flow and the cros-scctional areas at high and low water.  

In one paper' he considrs the mixing process may be represented by assuming that, during cach 

tidal cvci.', zh : water is coniplcte " mix,d within each segment at high vatcr, and that there is an 

exchange of wvatcr bctween adjacent segments during the ebb-the amount of water removed 

from a seniliCflt being given by the ratio of the difference between the volumes of the segment at 

high and lo- water to the volunie at high water.  

The final equations express the proportion of fresh ,'vater in each segment solely in terrns of the 

river flow and the volumes of the se.ments at.high and low water. .owever. the conations do 

not follow w-idv from the th,:oretical model :,nd, ahlonsth the nicthid h::.s ink
.er.t ... s!I t ~it'. , .. . .. ~pt ( t(.i~ 1H,--:-~.-, ". .. I,,iu' d ,vr- nt mitIlc(.. , t is C\idcnt 11ner t 01 S i,, ,i::n t% , !s 61mc '. 1, 1',:: 1,- ' ,.[ . ,n.... .l' 

Lh t ou tu i I ' I- t ,. . .' . .,c o J t .. r,' etn tIlOU. .l it. iti t%_.' It j CCCstI;jIlv 

i1 ar icu i;ir c . . it Is 11: c.it11t e: C:e tO it IC;te t 1-t i t Cann tot De usc U LI'l ti. Case -1 tie I hlancs

ctuT ' h. ' t :fld tl.t his me'o),dl did n,t a'v to t he )lehwa re 1 ti ar', an, he was not 

surprised to l,'arn ih.t It mi:t i v uQI ,,FI .ml: ' .
V.  

Frn ig 220) tic crm.,:. curve tile approiimate ob.served equilibrium distribution of 

salinity for a flow at 'l'eddington of 1500 mn.g.d. (derived from several vears' records of the London 

County Council), and the broken curve is the distribution calculated (for average tidal conditions) 

by means of Kutchuin's theory. Th1ere is a similar disparity between the observed and calculated 

distributions for flows of 500 and 30(0) m.g.d.  

' .-.3 - - --

0 

0

.1 A 

O/ 

1oA 0 1 10 20 30 40 

MILES FROMA LONDON BRIDGE AT 
HALF- TIDE 

FIG. 220. iEquilibrium istribution (f salinli in Thamnes 
Estunry when ilow at 'lcdidirigtofl is 1500 in.g.d.  

(A) Obscrvcd 

(D) Calcuidwed us.ing KeiChUM'S Teprcsenfl~ian of mi-xingq 

Ketchumn ref'erences taken From 
Reference 7 

4. KTtCB. II.]J. mar. Res., 1951, 10, 18.  

5. 1~t'cIIM, . 1. Te ELxchancs of Fresh andSail Ilaars in Tidal Estuaries. Woods 1 lole 

Oceaogrp~ti I itutonColloquillin on Plushing of Estumaries, 1 950, p.1.  

-7. h,-rTCIIL', II. 13. I'crSOnal c0rutriunication, 1957.  

7. . -
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S..Thus, it is clear that the methodology employed by the Staff 

to estimate estuary dilution flow has not met with general 

acceptance by the field, and, in general, has been discarded 

in favor of models which recognize more detail. of observed 

physical behavior in estuaries, particularly that of salinity

induced circulation.  

Before going on to a theoretical presentation as to why the 

Staff method is unacceptable, and while on this topic of 

behavior in the Thames River, it should be noted that several 

investigators including Bowden 8 , Preddy & Webber9 and Inglis & 

Allen1 0 have concluded that the Thames River, like the Hudson, 

falls into the class of partially stratified estuaries.  

Similarity between the Thames and Hudson River circulation 

patterns and mixing characteristics is supported by field obser

vations which established existence of density induced circula

1011 
tion in the Thames and the Hudson I , relatively high 

dispersion coefficients (33.8 x 105 cm2/sec or about 10 square 

miles per day in the salt intruded reaches of both estuaries) 

and comparable circulation and mixing classification criteria, 

such as the ratio of tidal amplitude to freshwater used by 

Bowden 8 , the ratio of the flood tide to freshwater volumes used 

by Pritchard, or the vertical stratification factor (VSF) employed 

by QL&M 11 .  

8 Bowden, K.F. "Circulation and Diffusion." Estuaries, Publication #83, 

American Assoc. for the Advancement of Science, Wash., D.C. 1967. p. 20 

9 Preddy, W.S. and B. Weber. "The calculation of Pollution of the Thames 

Estuary by a Theory of Quantized "ixing," International Conference on 

_ Water Pollution, Paper No. 42, Septei-Ler 1962.  

W 10 Inglis, Sir Clau!e and F.H. Allen. "The Regimen of the Thames Estuary." 

Porc. Inst. Civil Engineers (London), 7:827-868. 1957 

! Quir%, Lawler & :.,,atusky Engineers. "Environmental Effects of 
Bowline Generating Station on the Hudson 

River". Vol. 1-4, 

QL&M Project No. 169-1, march 1971.
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( Rejection of the Staff's methodology via theoretical reasoning 

* follows.  

Transport phenomenon such as the volume rate of flow 

available for dilution in an estuary, should always be 

derivable by application of one or more of the equations of 

mass) momentum and energy to the system in question. 
When 

the system is viewed macroscopically, a conventional 
means 

of applying these basic and quantitative laws of 
physics 

is control volume analysis. In this method, a finite and 

typical volume segment of the system is drawn, and 
rates 

at which mass momentum or energy flow through, and 
are 

produced and or consumed within the segment, are 
written down.  

Each entry is then assigned its proper position in 
an 

inventory or "balance" equation and a result obtained.  

*This procedure is applied below to illustrate the development 

of the two layer estuary model, and then employed to demon

strate the.difficulty in deriving the intuitive 
formulation 

of estuary dilution flow employed by the Staff.  

Consider the typical estuary segment shown below. 
Freshwater 

flows into the segment at a rate Q In an attempt to 
F 

recognize its dilution by salt water, as evidenced 
by a 

continually increasing salinity concentration 
as one moves 

seaward in the estuary, ocean water is assumed 
to flow into 

the estuary, predominantly along the bottom 
half of the 

estuary, due to its greater density.
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FIGURE. - Two Layer Exchange of Water in an Estuary 

A steady-state condition is 
assigned, so that there can 

be 

no net transport of salt 
either into or out of the 

estuary.  

In the real world, tidal 
average behavior approaches 

this 

steady condition when external 
factors controlling movement 

in the estuary, such as 
ocean tide, winds, etc., 

and in 

particular, river freshwater 
discharge, remain constant, 

or 

nearly so, for extended 
periods.

N 

;11" j ;JV 77I

+ AX
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Note that the long term condition is a quasi-steady 

.. condition. Freshwater discharge undergoes a yearly 

cycle of high and low water flows, preventing any long 

term net landward flux of salt. The estuaries salt profile 

oscillates about some mean position, just as a freshwater 

discharge oscillates throughout the year about a yearly 

average runoff value. Since there is no net flux of 

salt, a mechanism must be provided for returning the 

salt introduced to the estuary in the landward dirc 
t:ed 

underflow, shown by QL in Figure 1. To provide such 

a return mechanism, water is assumed to be mixed vertically 

by some means and then returned to the ocean by a seaward 

e movement which takes place predominantly in the upper 

layer.  

Note that a physical rationale is available to explain 

the postulated movement. This rationale includes the 

notion of density current development occuring in 
a system 

in which waters of different d~nsity are brought in contact 

with each other, and the notion of vertical mixing 
via 

tide-induced turbulence.  

The notion of vertical mixing is necessary to permit continuous 

transfer of the heavier seawater up into the layer in which 

the lighter freshwater is presumed to be moving. Without 

this, only shear at the salt water-freshwater interface would.  

be available to affect the transfer. This would result in 

only a fraction of the transfer which can be expected in the 

presence of tidal turbulence, and in fact describes the 

stratified., or "salt wedge" type of estuary.
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~0 ( At this point, we have succeeded in developing 
a conceptual 

model of estuary water movement. 
Note that since a macroscopic 

view is the objective, details 
of the mixing and transfer 

process are not required at 
this point. We are simply 

attempting to structure 
an overall view of the estuary, 

with 

the objective of writing a 
statement to describe in a 

quanti

tative fashion, the obFervation 
that freshwater discharge 

is 

diluted by ocean water as 
it moves down the estuary.  

The Law of Conservation of Mass is applied toboth the 

water and the salt in the estuary. This is done by 

writing a material balance over the volume 
segments 

shown in Figure 1.  

Since there is no loss or gain of either 
salt or water 

within the segment, due to generation 
or decay processes, 

and since we are dealing with a steady 
condition, so that 

no accumulation of. either material 
can occur over time 

within the.segment, the required balance 
can-be struck 

across any cross-section of the segment 
to describe the 

behavior at that section. This is done first, before 

striking a balance over the whole volume 
segment.  

Consider Section X in Figure 1. 
Since there is no net flux of 

salt, the salt moving into the estuary 
across the lower 

portion of the section must balance 
that moving out of the 

estuary across the upper half. This is written:

V



it vx T,

U ) = L L)

... (2)

in which:

QU' QL 

S*u' SL

- the total upper and lower layer flows, 
respectively 

the average upper and lower layer salt 
concentrations, respectively

Since the net overall movement is out of the estuary 

(seaward), and is given simply by QF' the freshwater flow, 

the upper layer flow, QU, must exceed the lower 
layer 

flow, QL, by this amount. This is written: 

Qu - Q =QF 
QU L QF 

... (3) 

Substitution of Equation 13) into Equation (2) yields:

QF9L 

S -S L U

... (4)

Subscript "X" has been dropped since the section location 

was arbitrary and Equation(4) is the so-called "salt budget" 

equation and is described by a number of authors. (see, for 

example,Reference 8.)

.9
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(. A material balance may now be struck over the whole 

volume segment. Upper and lower layer flows are entering 

and leaving the segment at sections X and X + AX. The 

general inventory equation for mass is written: 

Rate of Mass - Rate of Mass + Rate of Production Rate of Loss 

Input Output of Mass of Mass 

= Rate of Accumulation 
of Mass 

* (5) 

9 In applying Equation (5) to the system in Figure 1, the 

. last three terms are all zero., for both water and salt.  

There is no production or loss of either water 
or salt 

within the segment, and, since the 
system is -at steady-state, 

no accumulation of either material 
occurs.  

Application of Equation (5) to salt movement through the 

segment AX yields: 

Input - Output = 0 

QU " X+AX + QL'L) - QU QL SL AX 

* .
.. (6) 

Rearrangement and division by AX yields: 

-gu)u'Y±Ax --Uu L 1+) -
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The limit of this Equation as AX 0 yields:

- ~L*~T L~
- 0

-* (7)

Integration yields:

- Constant

Consideration of the no net salt flux condition requires 

that the integration constant be zero. The result is 

identical to Equation '(2).  

Application of Equation (5) to water movement through 

the segment AX yields:

Input - - Output 

QU) xAX+ QL 1  - QoU} - QL} 
x.x x x X+Ax 

Rearrangement, division by AX and 

AX -0 yields:

taking the limit as

d[Q -Q L ] 

dX

Q.S 
U U

- SL

S
= 0

... (8)
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" : Integration yields: 

Qu- QL= Constant 

Congideration of the fact that the 
net overall movement 

across any section in the segment is given by QF' 
the 

freshwater flow requires that this 
integration constant 

be given by QF" The result is identical to Equation 
3.  

Thus, by use of material balances 
with salt and water across 

either an arbitrary cross-section or 
volume seg.ment of 

the estuary, we have succeeded in 
establishing an overall 

quantitative relation between freshwater 
flow, estuary 

l O dilution flow and observed salt 
concentration. This 

relationship is given by Equation 
(4), in which Qu' the 

upper layer flow, is the estuary 
dilution flow.  

Equation (4) suggests that the estuary 
dilution flow can 

be cdlculated, provided one knows 
the location of the 

interface between the upper and lower 
layer and has 

accurate vertical salt profiles. 
QL&M has shown that, for 

* for the Hudson, vertical salt profiles 
tend to follow an 

"S" shaped distribution with the inflection point 
near the 

ii1 

half depth.  

This inflection point can be 
used to estimate the location 

of the upper-layer - lower layer interface as follows.  

The equation of continuity in 
two dimensions is written:
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aO o o 
,+ 0 

((9) 

in which: 

U = horizontal water velocity at the point X,Y ,° 

V = vertical water velocity at the point X,Y 

In the two layer system, the vertical distribution of 

horizontal velocity moves through zero at the upper layer

lower layer interface. Thus, since the interface is roughly 

horizontal, at the interface , U/X 0. From Equation 9 

the vertical velocity is seen to be a maximum at the interface.  

The rate of vertical salt transport by vertical turbulence 

is proportional tc the vertical velocity, and should be 

a maximum at the interface. This vertical salt flux can 

also be shown to be essentially proportional to the vertical 

*salinity gradient, so that the point at which this gradient 

is a maximum can be used to estimate the location in the 

interface. In an "S"-shaped vertical salt profile, such as 

those observed on the Hudson, the vertical salinity gradient 

is a maximum at the inflection point.  

This is just one means of est'imating the location of the 

interface in using Equation (4), to estimate estuary dilution 

flow. Knowledge of the velocity distribution is another.  

In any event, the whole thrust of the work referred to in 
.. Reference 11, is directed at a valid estimate of the dilution 

flow, in which the role vertical *salinity gradients play in 

this estimating process is discussed in detail. It should
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( be noted that this reference is Reference 
4, page 111-61, to 

Chapter III in the AEC Draft Detailed Statement.  

The use of Equation 4 and vertical 
salinity profiles to estimat 

density flow is recognized by. 
the Staff in Chapter III, pages 

II1-22 to 111-27. In this regard, the Staff concludes 
on 1II-27: 

The presence of a net nontidal seaward 
flow in the salt-intrusion 

zone of the Hudson is clearly 
established by means of (1) observed 

vertical salinity gradients, (2) 
direct velocity neasurements, 

(3) high co.MPuted values for the 
longitud"nal dispersion coefficient.  

of these three means of detection, 
it is thought that only method 1 

May be reliably used to obtain a reasonably accurate direct 
deter

mination.  

.The foregoing shows clearly that 
a model of estuary dilution 

flow can be developed by application 
of the Equation of 

Cohtiruity (Law of ConserVatiOn 6f Mass) to. the estuary.  

TO do this, recognition is given to 
the fact that a 

vertical density differente exists 
in any section in the 

estuary.  

NO such similar analysis apjears 
to exist which will generate 

the formulation used by the Staff 
to estimate estuary dilution 

flow (Equation (1) above, or 
Equation (2), page A-4 in the 

Draft Detailed Statement) .  

SO show this, refer to Figure 1. Since the Ultimate 

f~omulation (Equation (1)) cbntains only S, the area

AVeraged salt contenti'ation and. SO , the oceah Salt concentra

tion, we presume that inixing across the sedtion 
is assumed
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( for whatever derivation techniquc 
bd-can conceive of.  

Actually, no such assumption 
has to be made; the major 

point is that. since the 
final expression contains only S to 

represent section salinity 
behavior, the deriver must 

use 

this, and only this value 
in developing his model.  

Due to the observed dilution 
of QF, a seaward flow is assumed 

to exist and to be larger than 
QF" Use the notation Qu to 

define the total seaward flow. 
Define a landward flow QL- QL 

is the makeup flow necessary 
to permit the existence of 

Qu and 

still maintain a net water flux of 
QF.  

Application of a material balance 
on water across the section X 

shows that Equation (3) still 
holds; i.e., that: 

QU QL + QF 

Write a salt balance across section 
X. Since no attempt 

is made to define vertical variation 
of salinity and the 

investigator is apparently working only with _, the area

averaged salt concentration, 
this balance yields: 

Qu QL net section salt flux 

The net section salt flux 
must be zero at steady-state.  

However, substitution of the preceeding equation for 
Qu 

yields: 

Q S_ = net section salt flux 
F
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This is clearly a contradiction 
and arises because the 

investi 

gator has not dstinguished between 
the concentrations of salt 

being carried landward 
by QL and seaward by 

Qu* The presumption 

of landward and seaward 
flows is clearly necessary 

if one is 

to explain dilution of 
QL. This fact is acknowledged 

by many 

investigators. Care must be taken, 
however, to recognize 

that 

the actual points within 
the estuary section 

at which such 

flows are crossing, 
must see flow going 

in one direction or 

the other. No one point can see 
two w ay flow at the 

same time.  

Since this must be the 
case, one must also 

realize that the 

concentrations of salt 
seen by each flow may 

(and in fact, must) 

be different. Therefore, application 
of S to all flows is 

incorrect.  

Proliferation of this 
error over the years 

seems to be asso

ciated with the assumption 
of the sectionally homogemeous 

estuary. Ketchum., for example, 
ignored vertical variation, 

assuming complete and immediate mixing with each of his segments.  

In using salinity, 
therefore, to "verify" 

his model, only 

section average salinities 
were used.  

In discussing Todd 
and Lau'.s paper, Pritchard

4 states: 

O The authors have stated certain linitations on their 

developCment. A fundeiental requiremlent is that the estuary 

be sectionally horogeneou.S, 
that is, it shall have no 

vertical cr lateral salinity 
gradients. This; is an 

n - t ... !: . t!r to r.ce Cn 07;tnarine stt:d.jes, 

ufotie re • - t 

, t . oIV 0 
C-u " . -........ .... 

- i c r 
01 Vert c -- or it 5t.: r c. . "c-"':, .th c- .r.uin 

... circ ul;.-tion :xo. Cf tc2ae' r ts ms.....~t2fl
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( The characteristic circulation patterns in the various types 

of coastal plain estuaries have been discussed by Stommel (1953) 

and by Pritchard (1952, 1955). However, an adeauate study of 

even this nost simple of estuarine types would be welcome so 

that one should not be unduly critical of this aspect.  

Pritchard's point in the discussion, as described 
previously, 

is that if the assumption of vertical homogeneity is 
going 

to be made, presumably for the purposes of simplifying a 

complex system, then it should be 
done with great care, 

recognizing that the existence 
of vertical salinity 

variation is part and parcel of what makes the estuary go" 

Witness, for example, his comment in 
Reference 5, as he 

introduces the one-dimensional analysis 
of an estuary: 

The Case of One Spatial Dimension. Because of the complexity 

of the gencral three-dimensional eauations, and even of the 

•more restricted ttwo-dimcnsior.al equations given aho'c, many 

investigators have attempted to reduce kinematic and dynamic 

problems in e.-tuar:es to a sfrcle satial dimension. It is 

in the.e tr.atm. nts tlat tihe m:ost frecuent misuse of continuiti 

That the assumption of vertical homogeneity 
is an idealization 

is again suggested by Pritchard
1 2 in a discussion of estuary 

classification: 

It is, in fact, cuite rossil'e that the vert-callt) hmoieneous 

estuaru oes not exist. Our observational methods may not be 

sufficiently so;,histicted to show the slight degree of vertical 

stratificaticn which might, on the average, exist in such systems.  

Onht? a s.-:n.12 vortc4ca!2  Ctifia t O n t..cu d e r PC! to r"".... .  
W ,..;some .... aio ... zo-s menoiof"d tbov ::,hnch are associated 

, 'ith this c ai of utZ.  

12" Contribution No. 64 of Chesapeake Day Institute and the Department 

* of Ocanog--ar hy, The John llopk.' ns University, Reproduced by permission 
... : c , Tr -r- , ri-, , lj i ,-IqA 1 -. . -3 . - . . . . . -I
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Bowden suggests that 
density-induced Circulation 

must exist, 

even in cases where vertical 
mixing is intense and the 

tendency 

would be simply to assume 
vertical homcg

eneit '. 1  A pertinent 

except from this reference 
follows: 

where the tidal currents 
are most effective, there 

is an increase 

in the intensity of vertical 
turbulent mixing, which 

is an exchange 

process, mixing the fresher 
water down-wards as well 

as the salter 

water upwards. In this type of estuary, 
with moderate mixing, a 

state of dynamic equilibrium 
is set up, with a two-layer 

flow and 

the salinity along a given 
vertical increasing with 

depth. The 

volume of water involved 
in the density current 

flow may be many 

times the river discharge, e.g., the seaward flc.. in the upper 

layer may be 40 times the river flow while the upstream, flow 

below it is 39 times the 
river flow. With very strong tidal 

currents, the vertical 
mixing predominates and 

a third type of 

estuary has been described, 
which is so intensely mixed 

that 

there is no vertical variation 
in salinity and the density 

current 

flow is no longer present. 
It would seem, htwev.r a 

tendenc? to differcntial f
2 ;.," rust e ....... these 

... • r;r--rforce, the 

longitudinal density gradient, is still present.  

Comparison of Equations-(i) 
and (4) show -that estuary 

dilution flow calculat:d 
by each, will be the same 

when: 

So S 

These ratios will approach 
each other close to the 

true 

mouth of the estuary, as 
all values approach the ocean 

salt concentration. However, the validity of 
either equation 

is questionable at this point.. Ketchunm recognizes this in 

13 i3owden, K.F. "The Mixing Proccss in a Tidail E-tuary." presented 

at the International Conference 
on atc.r polluticn Research, Paper 

N:o. 33, of Section 3. Septerber 3-7, 196 :?. Perga::on Press.
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Reference 2 above, and the two-layer model presented 

previously is an idealization of actual estuary circulation.  

The simple idealization given-tends to be inaccurate 
as one 

approaches the estuary mouth.  

The foregoing literature review and analysis 
demonstrate 

clearly that the staff method of estimating 
estuary dilution 

flow, for use in its evaluation of entrainment, 
is highly 

questionable , if not categorically in error. 
We submit that 

a far more accurate estimate of estuary 
dilution flow in the 

Hudson River is that given in Reference 11 (Reference 4, 

9 Chapter III, draft detailed Statement.  

As noted previously, the staff does recognize 
the existence 

Sof density flow in the Hudson in its Chapter III, Section E-ld 

entiled "The Hudson River 
Esiuary and its Cooling Capacity." 

The salt budget equation, identical 
to Equation 4 above, is 

presented (Equation 1, page 111-22) and the Staff 
goes on to 

state: 

The mixing flowr calculated in Equation (1) is the upper layer 

flow in the downstream direction. This should not be confused 

with what is called dilution flow in Appendix 
I-i and Appendix 

V-2. (This dilution flow is.dcfircd by Equation (1) in 

Appendix lI-l). These two app6ndicces deal with the ecological 

effects of the Hudson River which are better described by the 

dilution flow concept mentioned above.  

However,- no indication is given at 
this point or in either 

Appendix as to why "ecological effects 
....... are better described 

by the Staff concept of dilution 
flow, as given by Equation 1, 

page 8 of these conents.
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2. COM.MENTS ON THE STAFF'S CALCULATION OF ENTRAINMENT LOSS 

On pages A-62 through A-64, the Staff presents a model of 

entrainment loss. On pages A-68 and A-69, this model is used 

to calculate the percentage of larval striped bass entrained 

by Units 1 and 2 at Indian Point.  

This model presents a very conservative view of entrainment in 

the river. A number of factors are ignored, the consideration 

of each one of which will result in reduced estimate of the 

percentage entrained. These considerations include: 

1. The role of density induced circulation.  

2. The role of vertical diurnal movement of the organisms.  

3. Susceptibility to entrainment 

These comments are directed toward showing how the factors of 

density flow and vertical diurnal movement can be introduced to 

the Staff's model, and how the notions of planktonic movement and 

uniform distribution make the entrainment models employed by the 

staff quite conservative.  

The Staff's model is based on the concept of the probability of 

S. capture of an organism as it passes Indian Point in the flow.  

The probability of capture per:pass is given as Qc/QT, 

the ratio of the station cooling water flow to the average 

tidal flow. The oscillating motion of the tide is recognized so 

the number of passes, or possible times capture can occur, is



-33

greater than once. The number of nasses is shown to be given 

by QT/QD, the ratio of the average tidal flow to the estuary 
T D' 

dilution flow.  

Very simply, but approximately stated, the total probability of 

capture is given by the product of the probability of 

capture on a single pass times the total number of passes, or 

T QC XQT QC 

QT QD QD ...... (10) 

Equation 10 is only close to being accurate when the probability 

of capture on a single pass is low. Otherwise, recognition must 

be given to the fact that after each pass, a certai'n number of 

organisms has been removed from the system, reducing the number 

of the original batch, and therefore the number available for 

capture on the next pass.  

The Staff model recognizes this and presents a careful treatment 

of the probability notion. The probability of withdrawal per 

pass is shown to be very small and the Staff concludes that an 

appropriate expression, given by their Equation 12, is: 

PT 1V 1-1/ / ...  D Q . (11) 

in which: v = the fraction of particles which have 
passed the condenser and are re-exposed 
due to recirculation.

Q Fu~riiieers
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( The cooling water recirculation rtib, v, is obtained using 

model and prototype data as a tracer and is estimated to be on 

the order of 14%. Qc/QD is also relatively small, and for ease 

of explanation in this section, we will use the simple QC/QD 

as the staff's estimator of entrainment, recognizing that in 

the actual case, their actual model will give somewhat lower 

value since the recirculation and higher order probability terms 

are not dropped.  

Note the Staff's statement after presentation of Equation 12.  

Equation 12 shows that the total probability of being 
withdrawn is proportional mainlu to the ratio of cooling 
water flow to the river freshwater flow. It is almost 
independent of the tidal characteristics, althouqh these 
characteristics are important in that they provide. the 
ou xing and dilution which must be mef in order for this 
model to be accurate.  

We disagree with the last sentence of this statement. When higher 

order terms are neglected, the model the Staff presents can 

be obtained just as-readily by assuming a plug flow non-tidal 

river moving at the rate QE. From this standpoint is virtually 

"independent of the tidal characteristics." It is true that 

the tidal characteristics are important and important from the 

* • viewpoint of mixing and dilution, but this mixing and dilution 

is not recognized by the Staff. No attempt has. been made to 

. include estuary flushing or exchange characteristics, the real 

means by which an estuary mixes and dilutes, other than the 

previously demonstrated erroneous estimate of estuary dilution 

Sflow.

Q ui J~, a v cr N at uslik Enillei -
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Consider first the role of diurnal migration of the organisms.  

The Staff addresses itself to this on page A-69, saying: 

These values are based on area-average susceptibility.  
However, it is known that the larval striped bass make 
vertical diurnal migrations in the water column and are most 
concentrated from mid-depth to the surface at night but from 
mid-depth to the bottom during the day. These distributional 
patterns are m-ortant since the cooling water is taken from 
id-depth to the surface. Thus, there would a significant 

difference in the day vs. nighttime susceptibility of the 

larvae, i.e., lower during the day and higher at night. Since 

the length of day ard night are not equal at this time of year, 
these oraanisms ma,; be slightly less susceptible to entrainrment 
than predicted using this technique, provided that the deeper 

water is moving seaward.  

-Ile object to the use of the word "slightly" in the last sentence 

U of the above statement, as well as to the statement that the 

organisms "ar - most concentrated from mid-depth to the surface 

at night." 

A more accurate description would be to say that the organisms 

are known to move up from the bottom during the night, and tend 

to spread out into a relatively uniform distribution throughout 

the water column during the night, as opposed to being concentrated 

in the bottom during the day.  

An estimate of the reduced impact of entrainment, due to 

recognizition of this diurnal movement, can be obtained by 

s computing the average probability of capture throughout the 

day. During the period of the year when this activity occurs, 

(- 3 weeks about June 21), daylight hours represent roughly two-

thirds of the day and darkness roughly one-third of the day.
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( Assume that the upper layer larval concentration is zero during 

the daylight hours, and at night that the concentration of 

larval organisms is uniform throughout the water column.  

Actially, there will probably be some organisms in the upper 

layer during the day but this should be offset by only a 

tendency to approach uniformity from the bottom up. The longer 

daylight period will allow a greater period of time over which 

the organisms are "programmed" to seek the deeper layers. This 

suggests that the description of concentration below mid-depth 

during daylight hours is the more stable condition, and that 

the diurnal upward movement, since it has less time in which to 

equilibrate, is stable for a shorter percentage of its total period.  

ice the cooling v:tter "is taken from mid-depth to the surface, 

the probability of withdrawal of Organisms during the day is 

zero, and at night is QC/QT, as before. Thius, the average 

probability of capture per pass is 1/3 (QC/QT).  

The total nub.er of passes is still given approximately by 

QT/QD, so that the fraction entrained is now given by 1/
3 (QC/QD), 

or one-third the original estimate, haraly worthy of the state

ment "slightly less susceptible to entrainment." 

The Staff suggests, however, that this technique .is only valid 

1"provided that the deeper water is moving seaward." 

In the next paragraph on page A-69, the Staff goes on to say:

Q I I irk, i.lk:iv Ir er:. lat Isk Iv Enginecrs
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However, if the density flow is well developed, then these diurnal 
migrations will cause them to occupy an inland-moving zone during 
the day and a seaward mving zone at night. Since their occupancy 
within the water mass moving inland would be of longer duration than 

W• :. . within the wat.r n.ass moving seaward on the surface, the length of 
time i-hich they are susceptible to entrainment may be much longer 
than predicted in the above calculations. This is an important 
consideration in that the probability that they will be withdrawn is 

related to the numler of exposures. A sinqle week of exosure would 
* increase the likelihood of :..ithdrat-..al to about 34% and 10 days would 

result in about 45% of the larvae being entrained (assuming random 
distributicn in t.e water column). These time periods do not seem 
unrealistic based on the behavior of larval striped bass and the high 
probability for the occurrence of density flows at Indian Point. As 
a consequence, the staff believes that the 25% estimate derived by 
the above calculations is probably somewhat low. However, the increased 
residence time within the volume of water which passes back and forth 
in front of Indian Point may be partly offset by a reduction in the 
average probability of withdrawal per pass, which results from the 
non-random distribution within the water column. Consequently, the 
staff believes that the total average probability of withdrawal of 
larval striipled bass migrating downstream pist the Station is 
approximated by the 25% figure, and that this fraction is the best 
estimate that can be made using avaialble infornation.  

We disagree with the Staff's analysis of the influence of the 

density flow on entrainment. As presented previously in the 

two layer flow model, the upper layer flow, QU, exceeds the 

• ..lower layer flow, QL, by an amount equal to the freshwater runoff.  

In Reference (i1),. QL&1 shows that the upper layer flow corresponding 

to freshwater runoff of 7500. cfs (used by the Staff in their 

analysis on page A-68) is 35,000 cfs. The corresponding lower 

layer flow is 28,000 cfs.  

More careful analysis of this shows that if the daylight-darkness 

factor is taken into account, there will be a substantial net 

transfer in the landward: direction rather than seaward. This 

. suggests that if the organisms were subject to the density flows 

S in the manner in which the Staff suggests they are, then the net 

Quirhjl., ,vlr.*".1ativl \ Iin:crs
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( movement of all organisms will be upstream, and for- some (that 

portion which remains in the lower layer during the night-time 

hours) this will be the only movement.  

Note that, in the model used by the Staff, entrainment only occurs 

during actual passage past the plant. The influence of density 

flows as suggested by the Staff would therefore expose only 

organisms whose origin is below the plant to potential capture 

by the plant. What we are saying here is that the staff is 

using a Lagrangian form of reference; i.e., is following the 

motion of a typical sample of organisms as they move back and 

forth in the general vicinity of the plant. Simultaneous super

Oi: position of the density flow and organism diurnal movement on 

the Staff's probability model results in a net upstream motion 

of the organism. Therefore, only those whose origin is below 
the pla.t will have an opportunity for capture.* 

Simplify the--analysis by recognizing that the net effect of the 

tide is to yield •a total probability of capture equal to approx

imately QC/QD, when density flow and diurnal movements are not 

present. By analogy, for a two layer density flow tidal system, 

in which, for the moment, vertical diurnal movement is 

neglected, the fraction of entrained organisms is given by 

Qc/QU, the ratio of the plant flow to the upper layer flow.  

Recognize also that in this case this capture applies only to 

those organisms appearing in the upper layer.  

* When tidal motion is included, this statement should be modified to 
include those organisms whose origin is with a tidal excursion above 
the plant.
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. Now introduce diurnal movement and recognize that, just as in 

* the tidal analysis, the alternating seaward-landward movement 
will expose some of the organisms to more than one pass by the 

plant. Those that will be exposed will be those whose origin 

is below the plant, and which move up into the upper layer after 

they have moved landward in the lower layer, past the plant, 

and then prior to the end of darkness, will move back in the 

seaward direction past the plant.  

The probability of capture per pass, recognizing that roughly 

half of the organisms reach the upper layer during the darkness 

hours, will be given by Qp/2Qu. The number of passes is equal 

to the number of times the orqanisms introduced into the seaward 

directed upper layer pass the plant between the time the particle 

of water in the lower landward directed layer first reaches the 

plant from below to the time it finally reaches a point above 

the plant, at which point the seaward return remains above the 

plant. This is given as follows: 

Number of passes past the = Qu T 

plant in the upper layer QL" 2 - Qu-T 

- Qu 
2 QL- Qu 

T is the period of darkness and 2T the daylight period. The 

denominator tQL 2T- Qu • T] is simply the net upstream move

ment that takes place each 24 hour day.

Quirk,Lwle(r S-. Nitus.k\' lnginevi-s
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To derive the numerator, consider a particle in the lower layer, 
just QL • 2T .distance seaward of the plant, at the onset of daylight. On a net, or daily cyclic basis, it mustmove upstream 

this distance, less one net translation (QL 2T - Qu * T) before it can be said to have reached a point such that its organisms 
during their sojourn in the return flow, will still be above the 

plant, and therefore no longer susceptible to entrainment This net distance is equal to {[QL.2T] - [QL.2T - Qu.T]1or Qu.T, the 
-numerator of the above expression. The ratio of this net upstream movement required to push the particle out. of the entrainment 
zone to the net translation each day, yields the number of passes 
to which the organisms in the particle are subject.  

Folli;Ing the Staff's probayility notation, the formula for entrain
ment for this case is given: 

PT 1 - n - p)n

in which: total fraction entrained 

= entrainment per pass, C_ 2 Qu (l-v)

n = number of passes, = QU 2Q L-QU

For the case of 

cfs, we have:

density flow corresponding to a runoff of 7500

011il i_ I-.
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2,500 cfs 

= 35,500 cfs 

= 28,000 cfs 

= 0.14 (page A-64) 

= 0.03 

= 0.05 or 5% entrainment loss

Summarizing, we believe that three cases may be viewed as 
possible: .

Condition 

Density flow only 

Diurnal movement only 

Density flow with 
diurnal movement

Percentage Loss by 
Entrainment 

3% 

8% 

5%

These estimates have been computed employing the Staff model for entraimient loss, modified for either density flow, diurnal 
movement or both. They show clearly that the Staff opinion 
that these two mechanisms offset each other is in error, and that the Staff estimate of 25% entrainment loss is not "the best 
estimate that can be made using available information.  

Actually, we believe that all of these models yield conservative.  
estimates of the actual effect. As shown above, the model in which diurnal movement and density flow is introduced, applies 
essentially to larval organisms originating seaward of the 
plant. Using the Staff's notion of the interaction between these 
two mechanisms, it is seen that all organisms originating above

-
,~. '.,,..'u. 

.5-''
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a point between Qu.T and a tidal excursion above the plant, 

will not be exposed to entrainment durinc the planktonic stage.  

The foregoing has been presented primarily to indicate that 

relatively simple models, of the type presented by the Staff in 

the draft detailed statement, must be interpreted extremely 

carefully. These models are clearly very conservative and note 

of this fact should be made. Statements such as: 

"In conclusion, based on these considerations, .about 
25% of the larval striped bass ray be entrained as 
they igrate downstream past the Ind-ian Point site.' 
(Reference A-69, Draft Detailed State;ent) 

are misleading, when care is not taken to demon .;'trate, in a 
simS4-far quantitativ L e -a,* 

il tittv ahion, hor,- known river and biological 

behavior can alter these conclusions.  

In its discussion of probable biological effects in Chapter V, 

"Environmental Impact of Indian Point Unit 12 Operation with 

Unit U Operation", the Staff, on pages V--52 through V-55, 

discusses the probable impact of its conclusion that 25% of the 

larval striped bass may be entrained by the plant.  

The statement is made that: 

"The eggs and larvae drift with the currents in a 
net downstream direction; large numbers 1-kss the 
plant." 

The Staff then states that data show thait 75 to 90% of the young 

juveniles are below Indian Point by late July and August and
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then go on to state: 

"If we assume: (1) that all these fish migrated past 
the plant during the life stage which is susceptible to 
to entrainment:; (2) that density indep'endeCnt factors 
are responsible for mrtality in the population; and 
(3) that entrainment nortality is 10C%, then the 
operation of Indian Point Units ?l & will cffcctively 
reduce recruitment resulting from reproduction by about 
19% to 22%," 

We take strong exception to the thrust of these statements.  

First of all, it is not at all clear just how the eggs.and larvae 

drift with the currents and for how long. The analysis above 

shows that if purely planktonic behavior, other than diurnal 

vertical movement is assumed, then only a small portion of the 

* estuaries larval population is even susceptibel to entrainment 

(those below or just above the plant).  

None of the im,ature stages are pi-rely planktonic. Even 

the eggs have a density different than water and tend to settle 

in the absence of any current. Furthermore, the eggs only.  

exist On the order of t.o days, before hatching; only those 

eggs spawned in close proximity to the plant could be susceptible 

to entrainment by the plant as eggs.  

The larvae are sometimes described as planktonic, but by as 

early as the sixth or seventli day of their existence, are reported 

to absorb the yolk sac and begin-diurnal movement. From this 

time forward their swimming ability increases, suggesting that 

the description of drifting with the current is not accurate.  

Furthermore, -the presumption that susceptibility to entrainment 

is controlled by flow ratio is also highly questionable, since
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I the swimmers may very well avoid the intake.  

Studies do show that by September, most of the young striped 

bass -have reached Haverstra.: Bay. To assume that this means 

they are susceptible to entrainment as they pass Indian*Point 

in the manner assumed in the draft detailed statement is.

misleading. It is true that their passage through the river 

section bordered on the east by Indian Point probably occurs 

when they are less than 3 inches long, and in many cases less 

than 2 inches long, and that fish of 2 inch size or less may 

be entrained. This does not mean, however," that the entire 

population passing is planktonic, is subject to tidal-and other 

* •current drift, is distributed uniformly across the cross-section 

and; therefore, is subject to 25% entrainment.  

These young striped bass are known to seek the bottom as well 

as shallows and shoal areas, none of which describes the source 

of- the-, major volume of water passing the Indian Point intake.  

In conclusion, we state that the assumptions of uniform distri

bution across the section, and of downstream drift and planktonic 

behavior of all entrainable forms are not supportable by the known 

behavior of the immature fish at many stages of their development.  

Therefore, the percentage entrainment should be substantially 

less than the values given above in the modified entrainment 

model (3 to 8%) and in no way even close to the 25% estimate 

* given by the AEC.
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, ..CHAIRMAN JENSCIH: Has the Alpjpliaant; pre¢sente4' 

C e of e t report : r for nrotion? 

MR. TRPOSTEN We have tlhm and will present them.  

14 CHiAIRDAIN jENSCH: -oed D '1 

G following documIqts by stipulation arn-v*g the I aak 

7 that thess be raxa . in eviencr as the testiony of 

Dr. Jaes T. McFaddne of .the U " --° - , -gea&.g ., 

.9 Mr. Carl Newman o f Con Edi on, and Dr. EW dwa:-d C.Z Raney OE 

-. LIch yologlcal Aesocia.tes as if theoe ' twerent".were 

present and had swern to the i as idicated° 

CHAIRMAN JENSCH: Any objection to that offer? 

B By the Hudson ATver FishBcM- n's A:.rCo.s ation? 

MR. MACBETH: Only the same objection.  74 
CHAIIY'AN JENSCH: Very we-Uo New Yzk State.  

Atomic Energy counsel? 

17 S.. NA- 2RTIN : NO objection 

MRU &. K-AN: No objection.o 

CHAI1P I.k. JENSCH: The objections of thd Hudson.  

River Fisherman's Asociation are overruled and pursuat 
20 

to the stipulation amuong tl-he partes in refe rence, to the 

form of the presentation, the proposed statements by Witnesses 
.......................... ..............  

Raney, McFadden aad Netnaan are accepted as evidence and 

may be received into avtdence, and the statement, may be 24 

physically incorporated within the transcript as if readC 
25
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upon the understanding that su fficent copies 

2 are furnished to the raprtsr7 

(T[he domument fo~llo 1 

17 I 

10 

201 

21 

23 
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I. introduction 

In its Final Environmental Statement issued on 

September 28, 1972 the Regulatory Staff of the Atomic Energy 

Commission recommended that Consolidated Edison be required.  

to operate its Indian Point 2 facility with a closed-cycle 

cooling system after January 1, 1978. This determination is 

based on certain inaccuracies, included among them, the time 

necessary for implementation of an alternative closed-cycle 

cooling system at Indian Point 2 and the cost for such imple

m ientation. A clarification of the schedule and cost is 

presented in this testimony.  

II. Schedule for implementing a Closed-Cycle Cooling 

System at Indian Point 2 

The schedule recommended by the Regulatory Staff 

in its Final Environmental Statement for Indian Point 2 fails 

to allow adequate time for the completion of necessary* 

environmental studies and evaluations; for appropriate 

governmental reviews and approvals; for detailed design of 

the approved system; for procurement of components and con

0struction of the system. The Regulatory Staff has recommended 

that Consolidated Edison be required to submit an evaluation, 

of the economic and environmental impacts of alternative
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0 closed-cycle cooling systems for review no later than July 1, 

1973 in order to provide adequate time-for. appropriate 

approvals, design, construction and operation of a required 

closed-cycle cooling system by January 1, 1978., Then, after 

approval of the alternative system, Consolidated Edison would 

be required to design, construct and operate the approved 

closed-cycle cooling system no later than January 1, 1978.  

Rather than five years as recommended by the 

Regulatory Staff, implementation of an alternative closed-cycle 

cooling system at Indian Point 2 would take approximately.eight 

years to complete. The schedule presented herein would permit 

a sufficient reassessment of the environmental'impact of 

alternative cooling systems as well as an adequate time for the 

design and construction of an optimum system.  

A. Evaluation of Environmental Impact 

In order to present the Commission with an evaluation 

upon which it can issue a considered approval, an environmental 

program encompassing one and one-half years is required. This 

program will include approximately three months for preparation, 

one year for acquisition of field data and surveys and three 

months for review and development of conclusions. Preliminary 

investigations have indicated .that a natural draft closed

cycle wet cooling tower system would be the most advantageous 

closed-cycle system at Indian Point; therefore, the evaluation
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which will be conducted will consider primarily the 

environmental impact of this particular system. Consolidated 

Edison, however, will modify its program, where feasible, to 

include the collection of additional information on mechanical 

draft closed-cycle wet cooling tower and closed-cycle spray 

pond systems. In addition, Consolidated Edison will continue 

to consider and evaluate the literature published on alternative 

closed-cycle systems as well as operating experience obtained 

in the United States and abroad.  

The evaluation of the natural draft closed-cycle 

waet c ....ow syst -,. - U t; 1 1y a detailed 

environmental evaluation of this particular system, but will. 
, 

also include an evaluation of the optimum location 
for such" 

a system. Preliminary studies by Consolidated Edison considered 

a natural draft closed-cycle wet cooling tower system utilizing 

two hyperbolic towers located south of the Indian Point 2 

complex at an elevation of approximately 100 feet and approxi

mately 2,000 feet from the containment building of Indian 

Point 2. See Figure 1 attached hereto. Detailed studies 

will now consider additional locations and designs including
' ' 

a natural draft wet cooling-tower system utilizing a one-tower
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concept at a location 200 feet north of the Indian Point 2 

0 complex at an elevation of approximately eight feet. See 

Figure 2 attached hereto. Natural draft systems will be 

evaluated assuming the present once-through cooling system 

at Indian Point 1 so that cooling water flow from Indian 

Point 1 could be used for dilution of both radwaste discharges 

and cooling tower blowdown.  

The environmental evaluation, preparations for 

which are already underway, will build on the information 

derived from preliminary studies. The focal point of the 0 
detailed4- n 1 evAlti n ill be the on-site,, t udi and measure 

ments to determine the specific impact of the alternatives 

at Indian Point 2 and to compare conditions and impacts at 

Indian Point 2 with those reported in literature and operating 

experiences forexisting facilities. Specifically, the 

program will include studies of meteorology, salt deposition, 

acoustical emissions and blowdown as well as consideration 

of the impact on land, air and the community.  

The meteorological studies will assess quantitatively 

if fogging and icing will occur at Indian Point 2 and its 

environs due to operation of the closed-cycle system. These
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studies will include among other things a determination 
of 

the possible effects of the plume on roads, highways 
and 

airports in the vicinity of Indian Point 2. it is es timated 

that the erection of meteorological instruments 
on a tower 

and the collection of meteorological data will take 
at least 

one year. The salt deposition studies will evaluate the 

effect of the drift releases on the vegetation 
in the vicinity 

of Indian Point.  

Consideration of estimated acoustical emissions 

from th e alternative systems includes an evaluation of the 

nature of the terrain at the Indian Point site 
and the ultimate 

impact of operation of the alternative systems 
on the residents 

in the vicinity of the facility. Studies will be conducted 

to determine the effect of untreated chemical and thermal 

blowdowns resulting from operation of cooling towers at 

Indian Point 2 on the Hudson River environment. In addition, 

the aesthetic impact of the structures will 
be considered 

during this period. The impact on ambient air quality 

resulting from the additional power generation 
by fossil 

fuel plants as a result of necessary operational and peak 

deratings will also be analyz ed concurrently 
with the p rogram 

outlined above.
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Placement, construction and operation of an 

alternative closed-cycle cooling system may also have 

radiological safety implications which must be considered 

prior to the selection of a particular system. Consolidated 

Edison during the period of the environmental evaluation 

will consider the interface of radiological factors on the 

design of an alternativelclosed-cycle cooling system. This 

analysis of radiological factors may have a significant impact 

on the cost of an alternative closed-cycle cooling system.  

Consolidated Edison and the Regulatory Staff agree 

that additional environmental investigation is necessary 

prior to the final selection of a specific alternative.  

Although preparations for environmental studies have begun, 

Consolidated Edison estimates that the program will take.  

approximately one and one-half years to complete.  

If the Board adopts the Regulatory Staff's 

recommendation for the submittal of an environmental evaluation 

by July 1, 1973, Consoli dated Edison would be in the position 

of recommending for review and approval a system at Indian 

Point 2 for which the environmental effects at the Indian 

Point site have not been sufficiently analyzed. This would 

be a radical departure from the course Consolidated Edison
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has followed throughout the design and review of-its 

Indian Point facility. Consolidated Edison submits such a, 

departure would be irresponsible and inconsistent with the 

objectives of NEPA.  

B. Governmental Approvals and Detailed Design 

Subsequent to the completion of the environmental 

evaluation of alternative closed-cycle cooling systems at 

Indian Point 2, a particular alternative system will be 

proposed by Consolidated Edison. Appropriate governmental 

review and approval followed by the preparation of a detailed 

design of the selected'alternative by Consolidated Edison 

will follow. Consolidated Edison estimates that governmental 

review and approval and preparation of a detailed design 

could take approximately two to two and one-half years to 

complete.  

During the governmental review which includes both 

the Atomic Energy Commission and the New York State Department: 

of Environmental Conservation, the alternative selected by 

Consolidated Edison will be analyzed and approved or modified' 

as appropriate. It should be noted that these governmental 

reviews might be conducted consecutively. -Based upon the 

conclusions of these agencies, Consolidated Edison will 

proceed with the detailed design of the alternative closed--.  

cycle cooling system. .Although preliminary designs for a
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natural draft closed-cycle wet cooling tower system have 

been prepared, a final design including specifications for 

components, layouts, excavation design, borings, site 

investigations, erection specifications and foundation design 

for even a natural draft system must await final governmental 

approval. The precise period for approval and final design 

cannot be determined until the particular proposal by 

Consolidated Edison is presented and the extent of the 

modifications resulting from the governmental review is known.  

*: C. Construction 

Construction of the selected alternative cooling 

system* is estimated to require four years. This schedule 

includes an initial period for the issuance of specifications, 

for the receipt of bids and for the finalization of the 

choice of vendors. Actual work in the field is estimated 

to require 36 months.  

*Preliminary studies by Consolidated Edison, as well as the 

Regulatory Staff in its Final Detailed Statement, have 

* indicated that a natural draft closed-cycle wet cooling tower 

system would have the minimal water impact at Indian Point 2; 

therefore, the construction schedule presented herein is 

based on the construction of a natural draft system. A con

0 struction schedule for other alternative closed-cycle cooling 

systems at Indian Point 2, however, would approximate that 

for a natural draft system.
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Early phases .of construction would include clearing 

and grading the Indian Point property for the construction 

of the modified cooling system. As work proceeded an 

additional circulating water pumphouse would be erected and 

interfaced with the existinig once-through condenser cooling 

system. Portions of the cooling system would be erected 

in sequences optimized to enable efficient use of labor and 

to account for seasonal factors. In the final stages of 

field effort Indian Point 2 would be shut down to permit 

interties with the altered circulating water system and to6 

segregate the new system from existing Hudson River intakes 

and the Indian Point 1 dis'chag canal. These final stge 

of interfacing are expected to require approximately seven 

months during which Indian Point 2 could not operate. A 

chart setting forth an approximate-schedule for implementation 

of an alternative closed-cycle cooling system at Indian Point 2 

is attached hereto as Table A.  

D. Interim Program for Implementation of a 

Closed-Cycle Cooling System 

At the same time that the evaluation and review 

period preparatory to construction of an alternative closed

0cycle cooling system is underway, Consolidated Edison will 
develop a detailed conservative design for a natural draft closed

cycle wet cooling tower system. This design will be based upon 

the preliminary studies undertaken by Consolidated Edison,
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but will not be the optimum design which will result from 

0 appropriate environmental studies as recommended by Consolidated 

Edison. If at any time during operation of Indian Point 2 

with the once-through cooling system the environmental 

monitoring program indicates that irreversible biological 

injury might be done to the Hudson River as a result of 

long-term operation of the plant, Consolidated Edison would 

be prepared to commence construction of a closed-cycle cooling 

system expeditiously following receipt of governmental 

approvals. By preparing this design Consolidated Edison 

believes that an a*popons-idord clo sed-cycle 

cooling system as suggested herein could be implemented at 

its Indian Point 2 facility without concern that the necessary 

studies and reviews might cause a delay which would irreversibly 

damage the biological species in the Indian Point environment.  

III. Economic Costs of an Alternative Closed-Cycle 
Cooling System 

The Regulatory Staff in its Final Environmental 

Statement presented incomplete economic costs for the 

implementation of an alternative closed-cycle cooling system 

at Indian Point 2. Not only did the Regulatory Staff neglect 

* to compute properly the incremental generating costs for 

closed-cycle cooling systems at Indian Point 2, but also
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erroneously omitted the outage cost in determining the total 

cost for a closed-cycle cooling 'system.  

A. Incremental Generating Costs 

In its Final Environmental Statement the Regulatory 

Staff estimated the economic cost of implementing alternative 

closed-cycle cooling systems by presenting those figures 

estimated by Consolidated Edison in its Indian Point 2 

Environmental Report, Supplement No. 3, filed with the 

Commission on February 15, 1972 tempered only by an 8.75% 

discount factor rather than the 8%/ discount factor used by 

Consolidated Edison. The preliminary figures prese nted by 

Consolidated Edison in Supplement No. 3, however, estimated 

the economic cost of constructing alternative closed-cycle 

cooling systems in 1972 for operation in January, 1975.  

The Regulatory Staff's conclusion, therefore, is based on 

figures computed for operation in January, 1975, rather than 

for operation as recommended by the Regulatory Staff in 

January, 1978.  

Table B attached hereto sets forth the correct 

incremental generating costs for the implementation of a
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natural draft closed-cycle wet cooling tower system* for 

Indian Point -2utilizing the two-tower concept. Thes ecosts 

are computed on the basis of operation in January, 1978.  

Table C attached hereto sets forth the preliminary cost 

study for a natural draft closed-cycle wet cooling tower 

system utilizing the one-tower concept described on pages 

3-4 above. These costs are also computed on the basis of 

operation in January, 1978.  

B. Outage Cost 

In addition to the inadequate incremental generating 

costs, the economLc cost est-mat-cs reflectedIt e -Final 

Environmental Statement are deficient in that the cost of 

outage or downtime for that period during which necessary 

modifications for the implementation of a closed-cycle 

cooling system-will be made is not included. The modifications 

to the intake structure and the discharge tunnel which must 

*For the reasons stated in the footnote at page 8 the 

detailed costs for a natural draft closed-cycle wet cooling 

tower system are presented herein; however, a detailed cost 

analysis would correspondingly alter the cost of all alter

native closed-cycle cooling systems.  

0
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be made include: 

(1) Completion of channels from the existing 

cooling system to the new alternative 

closed-cycle cooling system; 

(2) Installation of pilings in front of the 

existing intake structure; 

(3) Com pletion of service water by-pass; 

(4) Segregation of Indian Point 2 discharge 

from that of Indian Point 1; and 

(5) Completion of a new booster pump structu re.  

While the exact-period of outage depends on the 

alternative system selected ahd approved, Consolidated 

Edison estimates that downtime for the implementation 
of 

a natural draft closed-cycle wet cooling tower 
system at 

Indian Point 2 would be approximately seven months.* 
The 

present worth cost of this outage is estimated at 
20.3 million 

dollars. At this time it is not known whether modifications 

at Indian Point 2 would require an outage at Indian 
Point 1..  

*The requisite construction outage may overlap 
the annual 

two-month maintenance outage at Indian Point 2, 
thus limiting.  

the construction outage to five months. For this reason 

the construction outage for the purpose of determining 
the 

total cost of implementing an alternative closed-cycle 

cooling system at Indian Point 2 has been estimated 
at 

five months.
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The cost of the Indian Point 2 outage would be added to 

the incremental generating cost o f an alter native natural 

draft closed-cycle wet cooling tower system whether it be 

the one-tower or two-tower concept. The present worth, 

value of the incremental generating cost including outage 

cost for a natural draft cooling system utilizing the two

tower concept is estimated at 182,257 mill ion dollars; for 

a natural draft cooling system utilizing the one-tower 

concept at 138,025 million dollars.
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Table B 

Cost of Generation with a 

Two Tower Natural Draft Closed-Cycle Wet Cooling Tower 
System

Additional Capital Expenditure - $1,000 

Present worth of incremental generating 
costs above "Base Plant" - $1,000 

a. Maintenance and other operating 

expenses 

b. Charges on additional 
capital for alternative (at a 
carrying charge of 13.9%) 

c. Cost of purchasing deficient power 

d. Charges on additional capital for 
replacement turbine capability 
(at a carrying charge of 14.3%) 

e. Replacement-power for plant 
downtime 

f. Total cost of alternative

$ 119,741 

3,228 

120,578 

23,249 

14,959 

20,243 

$ 182,257

3. Generation deratings - 1We 

a. Annual overall 

b. At peak ambient temperature 

NOTE: Above present worth estimates are based on AEC 
prescribed 8.75% discount rate.



Table C 

Cost of Generation with a 

One Tower Natural Draft Closed-Cycle Wet Cooling Tower 
S ystern

Additional capital expenditure - $1,000 

Present worth of incremental generating 
costs above "Base Plant" -.$1,000 

a. Maintenance and other operating 
expenses 

b. Charges on additional capital for 
alternative (at a carrying charge 
of 13.9%) 

c. Cost of purchasing deficient power 

d.Char,,cen~4~~ ~~ 
replacement-turbine capability (at 
a carrying charge of 14.3%) 

e. Replacement power for plant downtime 

f. Total cost of alternative

$ 68,905 

1,614 

69,389 

28,902 

17,877 

20,243 

$ 138,025

3. Generating deratings - MWe 

a. Annual overall 

b. At peak ambient temperature 

NOTE: Above present worth estimates are based on AEC 
prescribed 8.75% discount rate.
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STUDIES OF THE STRIPED BASS AND OTHER FISHES 

BY DR. EDWARD C. RANEY 

Raney began his professional career after the completion of his doctorate 

at Cornell in 1938 as a member of the Cornellfaculty where he did research 

and taught until his retirement August 31, 1971 as Professor of Zoology Emeritus.  

His intensive studies of-the striped bass were begun in 1948. His field and 

laboratory studies have concentrated on the ecology, distribution, behavior and 

systematics of fishes. His studies have resulted in the publication of more 

than 100 papers in scientific journals and hundreds of reports and popular 

articles on fishes.  

Intensive studies of the striped bass began in 1948 and led to his paper 

"The Life History of the Striped Bass" published in 1952. Wit h Donald P.  

de Sylva, he discovered the racial status of the-Hudson River striped 

bass in 1953. See the attached list of-papers having to do with'striped bass 

and other fishes found in the Hudson River which were authored by Raney.  

These early studies rekindled an interest in the investigation of the 

striped bass which had been first stimulated by the classic papers of Merriman 

(1937 and 1941).  

As a result of the renewed interest in study of striped bass, Raney 

organized a coordinated study of the species and from 1953 to 1957, on a part

time basis, served as the Coordinator of the Atlantic States Cooperative Striped 

Bass Program of the Atlantic States Marine Fisheries Commission duaring which he 

was employed as a Fishery Biologist by the United States Fish and Wildlife 

Service. Activities during this period stimulated intensive study of the



species by numerous biologists of various state and federal agencies as well as 

* private laboratories which have resulted in the extensive series of papers 

listed in the bibliography of this testimony. Many of the authors of the papers 

cited in this testimony were students of Raney or consulted with him during the 

course of their studies.  

Raney first became familiar with and was active in field studies of the 

striped bass during the sumnmer of 1938 and he was employed as a biologist by the 

State of New York Conservation Department during its biological survey of the 

waters of Long Island. He was personally involved in the collection and study 

of Hudson River striped bass from 1949 to 1954. In recent years, and particularly 

during the past four years, he has been involved with studies of the striped 

bass done for Consolidated Edison Company, by Raytheon Corporation and others.  

For four years he has served on the Fish Advisory Board for Consolidated 

Edison. Other more recent studies of striped bass and other marine and estuarine 

fishes include intensive studies of the Connecticut River during the past seven 

years by a group working out of Essex Marine Laboratory in connection with the 

Connecticut Yankee Atomic Power Station located at Eash Haddam, Conn. This before 

and after study of effects of the introduction of considerable heated water into 

the Connecticut has provided insight into the problems faced on the Hudson and 

other eastern rivers.  

Because of the need for expertise and intensive study Raney in 1966 

organized Ichthyological Associates which now numbers more than 150 aquatic 

biologists and other specialists who are dedicated to studies of the aquatic and 

terrestrial environment, and in particular, those near nuclear plants in 

_ operation or under construction. These include sites in the ocean off New Jersey.
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The ocean, bay and Mullica River populations of striped bass have been investi

gated and will continue to be for many years to come. The Delaware River which 

is a source of a separate race of striped bass (see de Sylva, 1961) has been 

studied intensively since 1968 at river mile 50 in connection with the construc

tion of the Salem Nuclear Generating Station. Our studies here have resulted 

in a report by William H. Bason "Ecology and Early Life History of Striped Bass, 

Morone saxatilis, in the Delaware Estuary", October 1971, Ichthyological 

Associates Bulletin No. 4. This study showed that the Chesapeake and Delaware 

Canal is an important spawning area for striped bass. Studies of the effect 

of silt on striped bass eggs were carried out.  

Other studies on the lower Susquehanna River and the upper Chesapeake Bay 

have been under way in regard to striped bass and other anadromous fish popula

tions since 1963.



Papers by Edward C. Raney on the striped bass and other fishes 
which are found in the Hudson River.  

1952 The life history of the striped bass, Roccus saxatilis (albaum). Bull.  
Bingzhm Oceanographic Coil. 14(1): .5-97.  

PAIMY, EDARD C. A1D Da b=lA P. DE SYLVA 
1953 Racial investigations of the striped bass, Roccus saxatilis (Walbaui).  

Journ. Wild. .'anaw. 17(4): 495-509.

RANEY, ED 1ARD C.  
1954 The striped bws in Kew York waters. .Y.Conservctionir. 8(4): 14--6.  

RANEY, EDWARD C.  
1954 Qu.rterly progress report of the Atlantic States Cooperative Striped 
Bass Program. Atl. States Marine Fish. Commission Minutes Striped Bass 
Committee Meeting, May 12, 1954, New York, N.Y., p. 7-10. Mimeo.  

1954 Status of the Atlantic Coast Striped Bass Program. Atlantic States 
Marine Fish. Comm. 13th Annual Meeting, Baltimore, Md., Oct. 4-6, 1954.  
Part II Legal Biol. and Tech. Appendices, p. 141-142. Mimeo.  

RANEY, EDWARD C., WILLIAM S. WOOLCOTT AND ALBERT G. MEHRING 
1954 Migratory pattern and racial structure of Atlantic Coast striped 
bass. Trans. 19th N. Amer. Wildlife Conf., p. 376-396. Also: Sport 
Fishery Abstracts No. 80 l(l):17.  

RANEY, EDWARD C.  
1955 Second progress report of the Atlantic States Cooperative Striped 
Bass Program. Mimeo.  

1955 Jobs and objectives of state striped bass projects in progress with 
the assistance of Federal Aid., p. 19-23. Striped bass stocks along the 
Atlantic coast, p. 25-26. Atl.,States Mar. Fish. Comm., Striped Bass 
Comm., Washington, D. C. Mimeo.  

1955 Summary Cooperative Striped Bass Program Atlantic States Marine 
Fisheries Comm. Minutes of the 14th meeting, Nov. 14-15, 1955, Virginia 
Beach, Va. Mimeo.  

RANEY, EDWARD C. AND WILLIAM S. WOOLCOTT 
1955 Races of the striped bass, Roccus saxatilis (Walbaum), in south
eastern United States. J. Wildl. Mgt. 19(4):444-450. Also: Sport 
Fish. Abstracts, No. 432 in 1(3):133.  

1955 Races of the striped bass, Roccus saxatilis (Walbaum) in southeastern 
United States. Proc. S.E. Assn. Game & Fish Comm., p. 60-64.  

RANEY, EDWARD C.  
1956 The striped bass in New Jersey. N.J. Outdoors (Feb.) 6(8):9-13 
(pages numbered 1-4 in reprint).



RANEY, EDWARD C.  
1956 A progress report of the Atlantic States Cooperative Striped Bass 

Program. Atlantic States Marine Fish. Comm. 15th Annual meeting Sept. 21, 

1956, Atlantic City, N. J. Mimeo.  

RANEY, EDWARD C.  
1957 Subpopulations of the striped bass, Roccus saxatilis (Walbaum), in 
tributaries of Chesapeake Bay. U.S. Fish & Wildlife Service, Spec. Sci.  
Rept. -Fisheries No. 208:85-107. Also: Sport Fishery Abstracts No. 1172 
in 2(4):169.  

1957 Special study of the striped bass problem. State of N.Y. Legislative 
Doc. (1957) No. 11. Rept. Jt. Leg. Comm. on the Revision of Conserv. Law, 
pp. 31-39.  

1958 The Atlantic States Cooperative Striped Bass Program, 1952-1957.  
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CONCLUSION 

In arriving at this conclusion and recommendation to the.  

Atomic Energy Commission, I speak as an environmentalist who has 

dedicated his life to the study of aquatic life and environments.  

As a result of my intensive field and experimental studies which 

have been undertaken since 1939, and which continue to date, and 

which have involved the population of striped bass and other fishes 

in the Hudson River and other rivers of eastern United States; and 

on the ftrther basis of (a) my knowledge of the studies which have 

been and are being made of the fishes and other biota of the Hudson 

River for Consolidated Edison Company, and (b) my knowledge of the 

present design of the once-through cooling system and of steps which 

are being taken to study, design and install a more effective cooling 

water screening system, 

I am confident in predicting the following with respect to the 

operation of Indian Point Units 1 and 2 with the present once-through 

cooling system over the next eight years: 

1) There will be no irreparable or irreversible damage to the 

striped bass population which is native to the Hudson River (Hudson 

River race) or those which occasionally overwinter in the Hudson River 

(Chesapeake Bay or Delaware Bay race) over a period of the next eight 

years.  

2) There will be no irreparable or irreversible damage to the 

striped bass populations which frequent the western quarter of Long 

Island Sound, the New York bays or the adjacent limited coastal area 

in northern New Jersey or southwestern Long Island.



3) There will be no effect on the major Atlantic Coast population,,; 

which are spawned in the south (mostly in Chesapeake Bay tributaries) and 

which generally have been on the increase along the New Jersey shore and 

south shore of Long Island as well as New England since the large year

class of 1934 in Chesapeake Bay.  

Moreover, I have reached the following conclusions with respect to 

the A.E.C. Staff's Final Environmental Statement: 

a) The Staff inference that passive drifting of eggs and larvae of 

striped bass would permit from 70 to 90% of the surviving portion of the 

total annual production in the Hudson River to pass the Indian Point 

Plant by early August is not true. Such a conclusion by the Staff was 

reached because of limited investigation and inprecise knowledge of the 

distribution and movement of yoimg striped bass in the Hudson. Probably 

too much emphasis was placed upon studies which were done for other 

purposes and which did not accurately reflect the substantial annual 

production to the striped bass population from the upper sections of the 

river.  

b) The Staff estimate of the great impact of entrainment and im

pingement at Indian Point Plants 1 and 2 on the middle Atlantlic fishery 

is inaccurate and greatly exaggerated. The bulk of the middle Atlantic 

fishery for striped bass (outside of the Hudson River, the w stern 

quarter of Long Island sound and the New York Bay area) is supported 

by striped bass production in areas to the south of New Jers.-!y, ar-1 

mainly by the Chesapeake and Delaware bays.  

S 

0@
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c) The skepticism expressed in the Staff report with regard to 

the ability of the Chesapeake Bay to supply the large numbers of 

striped bass found in the spring and fall off the middle Atlantic 

coast is understandable in view of their lack of field experience.  

Those who have not personally viewed the hoards of migrating striped 

bass in spring and fall often have difficulty in reconcilling the 

tremendous numbers which actually leave the Chesapeake Bay, which 

is the area of maximum production, with reports of the tag returns.  

The wise and economical use of the tremendous natural resources 

of the Hudson River, including water, for man demands the rational 

approach of testing through intensive study the questionable 

hypothesis of irreversible harm advanced in the Final Environmental 

Statement.  

Other witnesses reinforce the conclusion by supplying the results 

of studies of the effects of entrainment (Dr. Lauer), of population 

dynamics (Dr. MWFadden) and distribution of larvae and their probable 

entrainment and impingement utilizing field and model studies (Dr.  

Lawler). My testimony will emphasize the racial aspects, migratory 

behavior and distribution of various populations of striped bass 

with emphasis on that found in or near the Hudson River.  

GENERAL SUMMARY REGARDING STRIPED BASS 

The following inferences can be supported from the vast amount of 

work done over the last 35 years: 

1) The tributaries of the Chesapeake Bay are the major spawning
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and nursery areas for the striped bass. The production in the 

Chesapeake Bay area is very large compared with the usual production 

found elsewhere.  

2) A study of meristic characters indicates that there are at 

least three recognizable sub-races of striped bass in the Chesapeake 

Day area. See Raney and de Sylva (1953), Raney (1957) and Massmen 

and Pacheo (1961).  

3) Very large populations of two-year and older striped bass 

are present in the Chesapeake Bay and its tributaries. Some of 

these which are primarily two years and older undertake non-spawning 

coastal migrations northward in the spring and returned to the 

Chesapeake Bay or its vicinity following coastal routes in the fall 

of the year.  

4) Some of these coastal migrants may enter and winter-over 

in northern coastal rivers such as the Connecticut, the lower 

Hudson, the Mullica and the Delaware. However, observations in

dicate clearly that this over-wintering population in the north 

is a very small population of the total migrating hoards of' striped 

bass.  

The Hudson and the Delaware rivers support spawning populations 

of striped bass. The Chesapeake and Delaware Canal is an important 

source. The contribution of the Delaware River and the Hudson 

River to the total Atlantic coastal stock is almost certainly 

relatively small.
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There is no spawning population in the Connecticut River as 

determined by intensive studies of the fish fauna for the past 

seven years. Indeed, it is unlikely that any river north of the 

Hudson makes a major contribution to the major Atlantic coastal 

stock.  

Generally-speaking, larger striped bass move much further on 

the average than do small specimens.  

Relatively little is known of the possible contribution of 

striped bass which are produced south of the Chesapeake Bay region.  

From tagging results, it appears that the area contributes little 

to the migratory Atlantic Coast population. However, some larger 

specimens of the migratory Atlantic stock may over-winter off North 

Carolina waters at times.  

There is a substantial population of spawning striped bass in 

the Roanoke River and its estuary, but it makes little contribution 

to the migratory stock along the Atlantic Coast.  

The Hudson River striped bass are a separate race based on tze 

analysis of meristic characters. Their contribution to the Atlartic 

Coast fishery is restricted and limited (see additional dis,ussionz 

below).  

It has been shown conclusively that the striped bass populations 

may vary greatly in number in all rivers where they have been studied.
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Such variations are known as year-class fluctuations. The best 

documented example is the production from a very small number of 

adults in Chesapeake Bay in 1934 of a tremendous year-class which 

entered the fishery offshore in 1936-37 and subsequent years. A 

series of other strong year-classes in the Chesapeake Bay and 

possibly elsewhere have increased greatly since 1934.  

S 

S 
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STRIPED BASS 

The striped bass is a tolerant and wide-spread species which is distri

buted along the Atlantic coast from the St. Lawrence River to the St. Johns 

River in northern Florida and in the Gulf of Mexico from western Florida to 

Louisiana. From Delaware southward it is commonly known as rock or rockfish.  

Its adaptability is attested by its successful introduction, in the last quarter 

of the 19th Century, into waters of San Francisco Bay. (See Raney, 1952, for 

a general discussion of the life history). It is an important sport fish in that 

vicinity at present, has spread and is now distributed from southern California 

to the Columbia River.  

On the Atlantic coast, adults are found in salt, brackish and freshwater, 

but in salt water they are coastwise in distribution and few are known to have 

been taken more than ten miles from shore. Freshwater groups usually consist 

of stragglers or of spawning groups which are usually found near the mouths of 

rivers just above brackish waters. However, in some cases they may move far 

upstream to spawn and at times may even be found as much as 200 miles from salt 

water. Occasionally striped bass move upstream through locks into strictly 

freshwater situations such as the Mohawk River, New York or the Santee-Cooper 

Reservoir, South Carolina (Stevens, 1957). Striped bass also have been stocked 

in small freshwater ponds where they may be of local importance as a fishery 

but where there is, as yet, no evidence of spawning.  

Most stocks of striped bass make two types of migration. One is an upstream 

or anadromous migration into fresh river waters. Probably most of this type of
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migration takes place in the spring, although it is probable that some schools 

* which have moved upstream to over-winter in the Hudson and elsewhere may 

remain to spawn. The actual time of the spring migration for spawning purposes 

may range from early April in Alabama to early July in New Brunswick. On the 

mid-Atlantic coast spawning occurs mostly in April and May.  

Heavy fishing pressure on the spawning grounds does not necessarily result 

in depletion of stocks since the reproductive potential is high. The Roanoke 

Rapids near Weldon, North Carolina has been a famous fishing grounds during the 

striped bass spawning run for many years. After spawning, some adult stripers 

may remain in the rivers but most apparently drift down to salt water where they 

are usually the subject of an intense fishery along the shore.  

Another type of migration which is by far the most spectncular apparently 

involves striped bass two years and older that travel in huge schools. This 

migration which is apparently not associated with spawning activity occurs in 

the spring. Some of the bass move out of wintering areas, such as Chesapeake and 

Delaware bays (and to a lesser extent New Jersey and Long Island bays and the 

Hudson River), and travel northward. These bass are the object of an intense 

fishery as they hit off southeastern Long Island (Montauk Point), eastern 

Connecticut, Rhode Island, Massachusetts, New Hampshire and Maine. From 

tagging studies based first on the very successful 1934 year class it is obvious 

that most of these migrating striped bass originated in tributaries of Chesa

peake Bay, or other southern areas. It is profable, however, that only a sm.il 

percentage of the total number of Chesapeake Bay striped bass is involved in 

such pIigrations. Nevertheless it is obvious that a very successful spawning



and survival of young in the Chesapeake Bay area have a pronounced 

effect on the number of striped bass present at distant northern 

localities along the coast.  

Apparently, no such extensive coastwise migration occurs on the 

California Coaf.:t although recent study indicates a fall mif ration 

into the freshwater Sacramento-San Joaquin Delta area wher: they 

remain during winter. In the spring they disperse out over the 

delta and into tributary rivers to spawn, after which they return 

to San Francisco Bay and adjacent salt and brackish waters for the 

sumer.  

On the Atlantic coast, there is a reverse movement in fall, 

during October and November, as the bass move southward to their 

overwintering grounds. Although the bulk go to Chesapeake and 

Delaware bays, some segments break off and winter in southern 

New Jersey and occasionally even farther-north. For example, dur

ing January to March, 1938, bass were known in rhinnecock ind 

Moriches bays, Long Island. Apparently some go as far souf.h as 

Albemarle and Pamlico sounds, North Carolina. The data on the 

migration of the Chesapeake-Delaware race are from the exc.1lent 

studies of Merriman (1937 and 1941) and Raney, et al (1954'.  

These migratory routes as well as summer and winter occurr nce are 

shown on maps in Merriman (1952).

-16-
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Some segment of this southward moving mass of striped bass overwinter in 

* the lower Hudson River, especially in the vicinity of Haverstraw. Studies by 

Raney, etal (1954), Rathgen and Miller (1957) and Clark-(1968) have shown 

that the Hudson River is an important spawning area for striped bass and the 

stock of bass produced therein is of importance to the fithery, especially 

the sport fishery, in and about New York Harbor and in the western end of Long 

Island Sound. The evidence comes from a study by Raney and de Sylva (1953) of 

counts of fin rays made on young striped bass from the Hudson and from the 

Delaware and Chesapeake bays and a knowledge of migration of bass into the 

Hudson obtained from a study of tag returns. Counts of the number of soft fin 

rays of the dorsal, anal and pectoral fins of young striped bass, especially 

* for the 1949 and 1953 year classes has shown that is possible to separate a 

high percentage (70-80) of bass which originated in the Hudson River from those 

which were reared in the several tributaries of Chesapeake Bay. This pronounced 

difference in number of fin rays indicates that the Hudson River striped bass 

do not freely mingle and spawn with the Chesapeake-Delaware segment of the 

population which on occasion may be present in the Hudson. Limited data on 

fin ray counts of adult striped bass indicate that the two races come in contact 

at other times, especially during the spring and fall migrations.
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The striped bass has fluctuated considerably in abundance over 

the years. It is a species that is subject to the so-called "dominant 

year-class" where an age-group may dominate the population -- and 

catch -- for several years. For example, the stock in the Chesapeake 

Bay area was at a very low level in 1934 but due to a combination of 

favorable factors influencing spawning and survival the 1934 year

class was the largest to be produced in the preceding half century 

and produced good fishing in 1936 and 1937. A series of good year 

classes, such as those produced in the Chesapeake region in 1940, 

'142 and '143 have followed and produced. See Schaefer 1968 for 

additional information. Thus, a knowledge of successful spawning 

in Maryland or Virginia in any year may be of great interest to a 

striped bass fisherman of Montauk Point. Also, the success of a 

year class in the Hudson River may have an important bearing on 

the quality of fishing in western Connecticut and northern Jew 

Jersey.  

•SPAWNING GROUNDS IN THE HUDSON 

Spawning grounds of the striped bass in the Hudson includes the 

freshwater section downstream from the Troy Dam, except where pollu

tion is severe.  

The number of eggs produced varies with the size of the female; 

some 14,000 are laid by a three pound female, as many as 250,000 by 

a five-pounder and nearly 5,000,000 are produced by a fifty pound 

specimen. Some females reach maturity at four years of age; virtually 

all are mature at six. Most males are mature at two and all are mature 

at three.
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The eggs are known to be deposited near the surface during the splashing 

which accompanies the so-called "rock fights" whete a single large female 

may be surrounded by a few or as many as fifty males. The eggs which are 

spherical, non-adhesive and slightly heavier than fresh water; 

During the first summer the young congregate in small schools and feed 

on freshwater shrimp, insect larvae, small worms, an occasional small fish 

and similar small organisms. Young may be observed in the Hudson River at 

such places as Coxrackie and Haverstraw beaches where they seem to prefer sand 

bottom and some current. The schools numbering usually up to 15 or 20 

individuals do not usually mix with other species such as shad, river herring, 

killifish, or white perch which are often present in the area. That young 

may be relatively widespread in the Hudson River is known from the work of 

the Biological Survey which actually took young striped bass. at 67 localities 

during 1936. A survey of young present in the Hudson River made by the author 

in 1949, 1953 and 1954 indicate a goodly supply from a successful spawning.  

In 1954 Edward C. Raney and Associates collected young (in their 

first summer) from the Hudson River during the period from 20 July to 

4 November. These young were seined along shore in order to get sufficient 

,specimens to make counts and measurements for racial studies. No attempt 

was made to get quantative data. During the period specimens were taken 

from the stations chosen for ease in collecting from Coxsackie (upstream) 

to Palisades State Park. Other than these sites young were taken at 

Middleground Island, Alsen, Mills State Park, Newberg, Denning, Roa Hook, 

Green Cove, Stony Point, Haverstraw, Harmon, Croton, Nyack and Piermont.  

Numerous young were taken the same summer by Rathjen and Miller (1957).
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The success of spawning and survival will as it is known to do else

where vary from year to year and place to place in the summer. No data 

taken to date have been secured to adequately estimate quantitatively the 

production of various sections of the river which produce striped bass.  

These include the data taken for special purposes such as those reported 

by Rathjen and Miller (1957) which was a general survey of the river for 

eggs, larvae and young of year and Carlson and McCann (1969) which was to 

attempt to evaluate the effects of the proposed pumped storage project at 

Cornwall.  

At the end of the first summer the young are from two to five inches in 

total length. In succeeding years the juveniles still tend to school and 

gradually switch to a diet of fishes and large invertebrates. Many kinds 

of fishes are eaten but the silversides, menhaden, killifishes, anchovy, 

spot and croaker are favorite foods. Apparently the members of schools feed 

periodically and at about the same time.  

The intensive Biological Survey carried out during 1938 showed the 

streams and bays of Long Island are not important for spawning or as nursery 

grounds for young striped bass. Indeed, young bags are rarely found there.  

The following sections give the results of the major studies on striped 

bass in reference to New York and serve as confirmation for the generali

zations given above.
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STUDIES OF THE MIGRATIONS OF. THE HUDSON RIVER RACE 

OF STRIPED BASS 

(Raney, Woolcott and Mehring, 1954) 

From 1948 to 1952 a total of 9,320 striped bass were tagged along the 

Atlantic Coast from Massachusetts to Chesapeake Bay. About two-thirds were 

tagged in the western quarter of Long Island Sound in the vicinity of 

Greenwich, Connecticut. The fork length of 95% of those tagged was 16 inches 

or less and was usually 9 to 15 inches.  

Some 792 (8.5 per cent of those tagged) were returned, of which 764 Itad 

usable data. Of these 92 percent were recovered within a year. Tags were 

usually returned within 5 to 9 months and only a few were out more than 20 

months. The best rate of return came early in the program.  

Western Long Island Sound. The tagging results are significant mostly in 

relation to the stock fished in the western quarter of Long Island Sound during 

spring, summer, and fall. Fin ray counts of specimens of the 1949 year class 

obtained from Cos Cob, Connecticut, indicate this stock to be largely of the 

Hudson race. Several thousand bass were tagged in this area and 555 were 

recovered; of these 372 (67 percent) were retaken in the Hudson River, mostly 

in the spring fishery; 156 (28 per cent) were recaptured in the western quarter 

of Long Island Sound (seldom east of Fairfield, Connecticut, or Northport, 

Long Island) and only 27 (5 per cent) were recaptured from elsewhere. Of the 

latter, five were retaken off Connecticut and Rhode Island from the mouth of the 

Connecticut River and eastward; eight were caught on the eastern and southeastern 

end of Long Island; six were taken in New Jersey at Great Bay (2), Toms River (1),
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Maurice River (1), Barnegat Bay (1) and Mullica River (1); and four were taken 

* in both Delaware Bay and Chesapeake Bay.  

More tags were recovered of those attached in 1950 than for any other 

single year. Of those tagged at Greenwich, Connecticut, and nearby localities 

such as Cos Cob, 234 were recovered. For those for which precise date of 

tagging is available the data are as follows: May (8), June (14), July (53), 

August (59), September (58) and October (16). Of the 234 recovered 76.3 

per cent were taken in the Hudson River drainage. Most of these (164 bass) 

were captured in the Hudson River duringthe spring fishery in April and May.  

Eight per cent were recaptured at Greenwich or Cos Cob within several miles of 

the place where they were tagged, the same summer or fall (8 specimens), the 

following summer and winter (9 specimens) or the summer of 1952 (2 specimens).  

By-month recoveries were May (4), June (2), July (6), August (1), September (3), 

October (2) and January (1). An additional 7.2 per cent were captured in the 

western quarter of Long Island Sound in nearby areas. These were captured in 

April (1), June (1), July (4), August (7), September (3), and October (1), and 

except for one recaptured in 1952 were about evenly divided between 1950 and 

1951. This indicates a summer population which does not move far from the 

western quarter of Long Island Sound. These presumably are joined from time to 

time and in varying, but usually small numbers, of Chesapeake stock which find 

their way westward in the Sound rather than following the usual migratory path 

northward to Massachusetts. This assumption in based on the results of tagging 

,in 1950 which show that only 3 per cent migrated as far as Delaware and Chesapeake 

Bays and only 1.6 per cent were recovered as far away as eastern Long Island 

and New Jersey.
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The 146 returns from those tagged at Greenwich and Cos Cob, Connecticut, 

* in 1951 gave a similar picture but with-fewer returns from the south; the 

Hudson River produced 68 per cent, mostly during the spring following tagging.  

From the locality of tagging (Greenwich) 18 per cent were recaptured and 12 

per cent retaken in nearby areas in the western quarter of Long Island Sound.  

Only 2 per cent were taken as far as western Connecticut and New Jersey.  

Six bass 9 to 10 inches long tagged at Greenwich, Connecticut, on August 25 

and September 6-10, 1952, were recaptured nearby below the Cos Cob, Connecticut, 

power dam on January 20, 1953. Fishermen with a thorough knowledge of local 

conditions report that for the past 20 years bass have been taken from time to 

time in the winter in the power plant plume..  

Bass tagged at other localities in the western quarter of Long Island 

Sound also show the same general pattern of movement, the vast majority being 

-captured in the Hudson River or at areas close to the point where tagged.  

Hudson River and New York bays. At the Narrows which separate Lower from 

Upper New York Bay numerous bass were tagged, mostly from September 9 to 

November 18 in 1950 and 1951; 92 were recovered. During the following two 

spring seasons and in the fall of 1952, 89 (96.7 per cent of those recovered) 

were recaptured in the Hudson River and its tributary, the Hackensack River.  

Most recoveries were made in the spring; 43 in 1951 and 31 in 1952 compared 

with fall recaptures of 12 in 1951 and none in 1952. All recoveries were made 

during the first Ppring or in the fall one year after they were tagged which 

* apparently is due to a lack of permanency of the tags rather than an indication 

of the natural mortality of the stock. Virtually all tags were returned from 

S the fishermen engaged in the spring shad fishing, without whose fine cooperation
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little data would have accumulated. However, it is known that many tags 

were recovered and not made available. The sparsity of returns from sport 

anglers seems to indicate a paucity of the latter in the geographic area of 

concern rather than a shortage of striped bass.  

One striped bass tagged in April, 1952, was recovered later that spring 

in the Hudson River at Edgewater, New Jersey. Two others tagged at the 

Narrows on July 5 and 6, 1952, were recaptured 
between Palisades and Hastings

on-Hudson in the spring of 1953. Three specimens (3.3 per cent of those 

recovered) were taken elsewhere and were recaptured in New Jersey within 50 

miles of The Narrows where they were tagged. One-tagged October 29, 1950, was 

recaptured in the river at Highlands, New Jersey, near the Highland River 

bridge on April 3, 1951; another marked November 10, 1951, was taken on 

February 6, 1952, in Shark River, New Jersey; the third was tagged November 18, 

1950, and was taken in the Toms River area during the week of February 10, 1952.  

The same type of upstream movement of striped bass was noted from 34 

recaptures in the Hudson River originally tagged in 1948 (6 specimens), 1950 

(12 specimens), and 1951 (16 specimens) in Upper New York Bay. Five of these 

were first tagged during the period July 3 to August 22 and the remainder were 

marked from September 17 to November 17. All 34 recaptures were from the Hudson 

and 29 were made in the spring during the period March to June; five were taken 

in the period September to December. With five recoveries no more precise data 

on locality of recapture are available than Hudson River. The other 29 

recoveries were as follows: Peekskill (1), Stony Point (5), Ossining (1), 

Nyack (7), Piermont (6), between Palisades and Hastings-on-Hudson (5), mouth 

of Harlem River (1), and Edgewater (3). Five recoveries were made during the
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same fall in which they were originally tagged which gives further evidence 

of a movement upstream into the Hudson River, perhaps for overwintering 

purposes.  

Another series of striped bass was originally tagged at Gravesend Bay 

and Hoffman Island (Lower New York Bay). Five were recaptured in the Hudson 

River during October and November, 1951. One marked at Hoffman Island on 

October 14 was retaken at Stony Point on November 11, 1951. Single specimens 

were recovered in May to June from Hyde Park, Verplanck, Alpine, and Hackensack 

River.  

A summary of 133 recoveries of striped bass originally tagged in Lower 

New York Bay, the Narrows and Upper New York Bay reveals that all but three 

(2.3 per cent) were retaken in the Hudson River upstream from the point of 

* tagging. Only two (recaptured at Toms River and Shark River, New Jersey) 

actually moved any considerable distance outside the area since the third was 

recaptured at Highland, New Jersey, which is located at the southernmost point 

of Lower New York Bay.  

It is inferred from the above data that there is a large movement up the 

Hudson River either in the fall of the year or early in the spring. When viewed 

in the light of our knowledge of the existence of an upstream Hudson River 

race, this movement seems to be, at least in part, a spawning migration.  

It also appears that the Hudson River race and a relatively small proportion of 

the Chesapeake race also winter in the Hudson River. The possibility seems 

remote that any considerable number which pass downstream through the Narrows 

* go any considerable distance either north or south.
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Twelve were recaptured in the Hudson River which originally were tagged 

in the Hudson in the stretch from 96th Street, New York City, to the Albany

.Troy dam. None tagged in the Hudson were recaptured outside the Hudson.  

The only known upstream migrant was tagged at Englewood, New Jersey, on May 4, 

1952, and was recaptured at Piermont, New York, in late May. Three moved 

downstream; one tagged at the Albany-Troy dam June 2, 1951, was retaken at 

Stony Point October 29, 1951; a second tagged at Stony Point on September 16, 

1951, was recaptured at Upper Nyack, New York, in late October 1951; and a third 

marked off Haverstraw in September 1951 was taken in October at Upper Nyack.  

Six striped bass originally tagged off Stony Point in 1951 were recaptured at 

or close to the area of release. For these, the dates of tagging followed by 

the date of recovery (in parentheses) are July 26 (August 20), September 16 

S (October 29), September 30 (October 29), October 3 (October 7), September 19 

(September 30), and September 19 (November 11). There is an indication here 

of a wintering population near Stony Point. This was a well known fact to 

commercial fishermen who formerly fished the area near Stony Point and Haverstraw 

inthe fall.  

Southwestern Long Island. Data on the recaptures of 32 striped bass 

originally tagged in 1949, '50 and '51 along the southwest shore of Long Island 

from Coney Island to Jones Beach are available. Tags were originally affixed 

from April 3 to November 20; two thirds were tagged in the fall after September 1.  

Six (18.8 per cent) were taken in April, June nnd November, in the same aree 

where they were tagged. Sixteen (50 per cent) were taken in the Hudson River 

from Verplanck to Yonkers. Of these, 3 were taken in August and September.  

0
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A single specimen tagged at Jones Beach, April 18, 1951, had moved to 

Port Jefferson on the north shore of Long Island by July 9, 1951. Another 

tagged on July 21, 1951, in Swift Creek, Freeport, was one of an overwintering 

group taken at the Cos Cob, Connecticut, power dam on January 20, 1953. One 

tagged at Far Rockaway May 6, 1951, was recaptured on July 20, 1951, in Great 

South Bay, Long Island.  

Only 6 specimens or 19.3 per cent of all recaptures were recovered any 

considerable distance from the release area. One tagged at Jones Beach, 

April 28, 1951, was found at Westport, Massachusetts, on June 12, 1951. Two 

tagged on September 30, 1949, and October 22, 1950, were retaken at New Jersey 

at Avon-by-the-Sea on November 24, 1949, and at Shark River on July 20, 1951.  

Two tagged on November 1, 1950, and July 10, 1951, were recaptured in Delaware 

at Indian River Inlet on December 6, 1951, and near Makon on January 10, 1951.  

Another tagged on August 28, 1950, was retaken on March 1, 1951, at Swan Point, 

Chesapeake Bay.  

Although these data on migration are sparse they are in line with findings 

regarding the existence of two races which seasonally mingle in the Coney Island 

to Jones Beach area. Some are apparently of the Hudson River stock and rela

tively fewer are of the Chesapeake-Delaware type, the migratory patch of which 

was worked out by Merriman (1941).  

New Jersey. Of the bass originally tagged in the fall (September 11 to 

November 30, 1950, '51 and '53) along the northeast New Jersey coast from Sandy 

Hook to Manasquan, 15 were subsequently recovered to the southward either in 

known overwintering areas such as Toms River, Barnegat Bay or Great Bay or had 

moved southward to Delaware Bay (3 specimens) or Chesapeake Bay,(4 specimens).
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Six bass 14 to 16 inches long of a group originally tagged in northeast New 

Jersey (Asbury Park, 5 specimens, and mouth of Shark River, 1 specimen) 

during the period October 26-November 25, 1948 and 1950, were recaptured the 

following spring in the Hudson River from the area between Nyack and Piermont, 

New York. These may have overwintered in the Hudson River or have been part 

of a breeding migration.  

Four were also tagged and recovered in summer (July 11-August 12, 1951) 

along the northeast coast of New Jersey. Those tagged at Deal (I specimen) 

and Bradley Beach were recovered later that suimner or early fall (August 6 to 

September 15, 1951) at nearby Asbury Park, Elberon, and Shark River. Another 

specimen tagged atBarnegat Jetty in late August, 1950, was recaptured at a 

short distance to the northward, Bay Head Canal, October 19, 1950. The 

inference from the small sample is that a proportion of New Jersey stripers 

remain in the same or a nearby area through the summer.  

Delaware Bay. Ten returns are available from striped bass 9 to 12 inches 

long tagged originally in Delaware Bay, at Salem Cove, Salem, New Jersey.  

Six tagged from September 6 through November 1, 1950, 1951 and 1952 were 

recovered from.Delaware Bay during the period January 14 to March 18. Tile 

captures occurred the winter or early spring following the release in each 

case. The returns were from Delaware Bay off the region between Little Creek 

and Bowers, Delaware, and were probably taken in the short winter fishery 

which has long been known in Delaware Bay. Three returns originally tagged 

at Salem were from the Chesapeake Bay. One tagged at Salem Cove June 4, 1951, 

was recaptured on October 14, 1951, in upper Elk River, which is near the 

western end of the Chesapeake and Delaware Canal. Another return from Millers
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Island in upper Chesapeake Bay recaptured on April 1, 1952 (originally tagged 

Salem Cove, October 27, 1951) also might have used the Canal. The third return 

first tagged at Salem Cove September 17, 1951, was recaptured in Chesapeake 
Bay 

off Matapeake on February 10, 1952.  

Chesapeake Bay. Twenty recoveries in Chesapeake Bay and tributaries of 

stripers mostly 8 to 10 inches long marked in the spring (3), summer (3) and 

fall (14), 1949, were all made from within Chesapeake Bay or one of its tri

butaries and none marked in Chesapeake Bay were recovered from outside the 

Bay.  

Massachusetts. Five recoveries of bass originally tagged in Massachusetts 

(September 18 to October 13) were all made south of the area and although the 

data are sparse, confirm the previous findings of Merriman (1941). Recoveries 

were made in Delaware Bay (January 25); Toms River, New Jersey (February 10); 

East Hampton (November 2) and Patchogue (November 12), Long Island; and onetag 

was recovered from the fish market, Stamford, Connecticut.  

Two other Massachusetts returns are available. One 21-inch specimen tagged 

at Plum Island River, Newburyport, Massachusetts, on May 23, 1952, was retaken 

in the Merrimac River on June 16, 1952. Another 14-inch spe imen, tagged on 

May 6, 1951, at Wareham, Massachusetts, was retaken on March 30, 1952, 
at Salt 

Pond, Rhode Island.
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CONCLUSIONS AND SUMMRY 

OF THE 1954 STUDY 

The presence of one race, such as the Hudson race, located in the center 

of the migratory range of another race such as the Chesapeake, with a segmxwnt 

of the latter regularly migrating north to Rhode Island, Massachusetts, and 

perhaps farther, requires explanation. A study of tag returns indicates that 

in the late spring the Hudson race, or a portion thereof, regularly moves to 

the western end of Long Island Sound. This Hudson stock seldom goes eastward 

beyond Fairport, Connecticut, or Northport, Long Island. Some also migrate out 

of the mouth of the Hudson River but do not often go farther east along the 

south shore of Long Island than Jones Beach., In the fall there is a reverse 

* movement into the Hudson River where the striped bass is found in numbers as 

far upstream as Stony Point. Actually it is this latter or upstream migration 

which is proven beyond doubt by tag returns.  

Merriman (1937 and 1941) showed that striped bass of the Chesapeake race 

apparently migrate independently and strike off the New Jersey shore, the south 

and southeast shore of Long Island where concentrations are known at points such 

as Montauk. From there they move almost directly north to such well-known bass 

areas as Niantic River, Point Judith, Rhode Island, and northward. During the 

fall southern migration, it seems that a relatively few individuals of the 

Chesapeake race get into the western end of Long Island Sound and a few enter 

the mouth of the Hudson River. Most make their way southward to the New Jersey 

coast and the Delaware and Chesapeake Bays.

I
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In the present study the returns from bass tagged in Massachusetts generally 

confirm the findings of Merriman (1941) of a southward coastwise migration in 

the fall.  

Racial studies using fin ray counts confirm previous findings, Raney and 

de Sylva (1953), of an upstream race which is found in the Hudson at Haverstraw 

and northward. The lower Hudson. south of Haverstraw, has a population of young 

which at least in some years are derived from Chesapeake stock or bass with 

similar characters. It seems improbable that the upstream stocks in the Hudson 

River are a result of modification due to different external physical conditions.  

On the basis of the character index the Hudson race is separated 70 per cent from 

the Chesapeake race. The dorsal fin count gives the best separation of any 

* single character; the count is 11 more often than 12 in the Hudson race and the 

reverse in the Chesapeake race.
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STRIPED BASS OF GREAT SOUTH BAY LONG ISLAND 

(Alperin, 1966 a and b) 

This paper summarizes years of experience by Alperin with thestriped 

bass on the south shore of Long Island. In his paper he reports that 1,917 

fish were seined and tagged in Great South Bay from 1956 to 1961, mostly 

during May and June of 1960 and 1961. They were predominantly ages II, III 

and IV, and few year classes were represented.' None were young-of-the-year.  

Of 281 recoveries, 63.0 per cent were from New York, 11.0 per cent were from 

New England and 26.0 per cent from areas south of New York. In New York, more 

came from eastern than from western Long Island waters, and only 2.1 percent 

were recovered from the Hudson River. Evidence is presented indicating that 

the irregular presence of large numbers of striped bass in Great South Bay is 

related to the appearance of fish from dominant year classes originating out

side the State, probably in the Delaware Bay-Chesapeake Bay region. When 

emigration from the south does not occur to any extent, the principal source 

of the bay stock may be striped bass of Hudson River origin. The data indicate 

that striped bass are present in Great South Bay primarily during May and June.  

On such occasions, small fish predominate and, at time, about half may have 

reached legal size of 16 inches. In all years between 1954 and 1963 the 

reported yearly commercial catch of the striped bass varied from 350 to 9,334 

pounds.  

The geographic distribution of the recovered striped bass is shown in the 

following table.
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SEASONAL AND GEOGRAPHIC DISTRIBUTION OF RECOVERIES (281) OF STRIPED BASS 
TAGGED IN GREAT SOUTH BAY (from Alperin, 1966) 

Season 
Recovery Location Winter Spring Summer Fall Total 

Tagged in 1956 
New York: 
Long Island 4 1 5 
Hudson River 1 1 

Total 1 4 1 6 

Tagged in 1959 (Number tagged 34) 
Maine 1 1 
Massachusetts 1 1 
Rhode Island '1 1 2 
New York: 
Long Island 7 10 1 18 
Hudson River 1 2 1 4 

New Jersey 1 2 3 
Total 2 11 12 4 29 

Tagged in 1960 (Number tagged 69) 
Massachusetts 1 3 2 6 
Rhode Island 4 4 
Connecticut I 1 
New York: 

Long Island 40 18 9 69** 
Hudson River* 3 1 4 

New Jersey 5 10 3 2 20 
Delaware 1 1 
Maryland 3 1 4 
Virginia 1 1 
Total 8 59 25 16 I0** 

Tagged in 1961 (Number tagged 1,814) 
Maine 1 1 2 
Massachusetts 2 1 3 
Rhode Island 3 2 2 7 
Connecticut- 4 4 
New York: 
Long Island 22 25 24 71 
Hudson River* 1 2 2 5 

New Jersey 14 15 1 7 37 
Delaware 3 3 
Maryland 2 2 
Virginia 2 2 
Total 16 49 35 36 136 

* Includes all New York Harbor, Jamaica Bay and western Long Island Scund.  
**The season taken was unknown for two records from Long Island.
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ORIGINS 

The origins of the striped bass that frequent Great South Bayare not 

I readily descernible from the information collected during Alperin's investi

gation. Returns from the fish tagged in 1960 and 1961 do not, however, 

suggest a Hudson River origin, although this river contains the nearest 

important spawning grounds. Of the 149 tag returns from within New York 

waters, only three (2.0 per cent) came from the main body of the Hudson.  

Even when all adjacent areas were included (i.e., Jamaica Bay, Upper and Lower 

New York Bays, Staten Island and western Long Island Sound) the returns 

totalled only 11 (7.4 per cent). In contrast, much higher rates of recovery 

in the Hudson River resulted from the small samples tagged in 1956 and 1959.  

Of the six returns for fish tagged in 1956, all in New York waters, one 

(16.6 per cent) was taken in the lower Hudson River in 1958. For the fish 

tagged in'1959, recoveries from the Hudson River totalled four (18.1 per cent) 

of the 22 from State waters.  

These meager data (summarized in following table) may indicate that the fish 

marked in 1956 and 1959% may have originated in the Hudson River.  

Those marked in 1960 and 1961, which appeared in great numbers, probably 

originated elsewhere. In the years when migrants from the south are not 

abundant in Great South Bay, fish of Hudson River origin may be the principal 

(albeit meager) source of supply. Raney et al, (1954), after examining 792 

tag returns from 9,320 striped bass marked in the years 1948 through 
1952, 

concluded that Hudson River stock did "not often go further east 
along the 

south shore of Long Island than Jones Beach". However, since the 

fishing for striped bass in Great South Bay was negligible, 
tag returns
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RELATION OF RETURNS FROM HUDSON RIVER TO TOTAL RETURNS FROM 

NEW YORK FOR STRIPED BASS TAGGED IN GREAT SOUTH BAY

Returns from New York 
Year Number Total From Hudson River 

tagged returns Total Number

1956 34 6 61 

1959 69 29 22 4 

1960-1961 1,814 246 149 3 

1960-1961 1,814 246 .149 11* 

*Includes all New York Harbor, Jamaica Bay and western Long Island Sound.
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were unlikely. During the Alperin study considerable numbers of striped bass 

from Great South Bay were captured, either in the year of tagging or subsequent 

years, in the bay area behind the barrier beach on which Jones Beach State 

Park is located (causeway area) which is a 3-mile-wide sector of bay channels 

and salt marsh islands bounded by two long causeways and their supporting 

bridges which connect the mainland of Long Island to Jones Beach. It lies 

20 to 25 miles west of the tagging sites in Great South Bay. It may be 

speculative (says Alperin) to attribute to Hudson River origins that portion of 

the striped bass population of Great South Bay that moved westward to the 

causeway area, but such a separation of stock of mixed origin is entirely 

possible.  

All available tagging records for the Hudson River were reviewed by Alperin.  

There was no evidence that the river stock reaches the south shore of Long 

Island to any appreciable extent, except in the vicinity of New York City.  

Neville (1940) reported that a few striped bass tagged off South Nyack were 

recovered near the George Washington Bridge within 4 days after rel ease.  

Subsequent returns from the 200 bass tagged that year (1940) did not include any 

recoveries from outside the Hudson River or its downstream New York Harbor 

terminus. These and other data for the 504 striped bass tagged in the Huidson 

River in the years between 1940 and 1956 are summarized in the following table.  

The number tagged in any one year was small, and the tagging was sporadic.  

Also, most of the fish were sub-legal (less than 12 inches) in size at the time 

of tagging. It is well established that small striped bass, particularly those 

less than 2 years old, are relatively non-migratory. Vladykov and Wallace 

(1938, 1952), Merriman (1941), Raney (1952, 1957), Mansueti (1961), and Massmann 

and Pacheo (1961) have all commented on the non-migratory behavior of small
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SUMMARY (BY ALPERIN, 1966) OF RECORDS FOR STRIPED BASS 
TAGGED IN THE HUDSON RIVER, 1940-1956

Season Fish Tagged*& 
Year and Recoveries 

location Size (inches) Legal Size 
Number Range Mean Number Per Cent Number Per Cent 

1940 April 9-17 200 7-16 72J 36.0 
South Nyack (100) 
Piermont (100) 

1942 July 22 20 5-12 0 0 0 0.0 
Haverstraw (20) 

Sub-total 220 5-16 72 32.7 

1954 June 11 
November 1 108 6-20 8.6 1 0.9 0 0.0 
Stockport (96) 
Croton (10) 
Coxsackie (1) 
Newburg (1) 

1955 March 1 
September 21 28 5.75-29 15.1 12 42.9 it 3.6 
Croton (15) 
Stockport (7) 
Mill State Park (6) 

1956 April 26 
October 23 148 8-37 15.9 44 29.7 9# 6.1 
Croton (148) 

Sub-Total 248 5.75-37 57 20.1 10 4.0 

Total 504 5-37 82 16.2

* In 1940, 1954 and 1956 the fish tagged were taken by seining; ii 
in 1955 by trap netting.  

& Of the fish marked in 1954, 45 were tagged with Petersen disc t 
tags and 6 were doubled tagged; the figures were 20, 4 and 4, r 
1955; and 136, 12 and 0 in 1956.  
From Hudson River, one or two south to New York Harbor.  

* From Hudson River at Englewood (N.J.) boat basin.  
# From Hudson River (7), New York Harbor (1) and Jamaica Bay (1).

n 1942 by angling; 

age, 57 with jaw 
espectively, in
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striped bass and their tendency to remain in or near restricted river systems.  

The latter two investigators reported that as high as 98 per cent of recaptures 

were within the river system in which they were tagged. Of 82 returns (16.2 

per cent) from the 504 tagged bass, none came from beyond New York Harbor 

and adjacent Jamaica Bay.  

In an earlier report, Raney et al (1954) analyzed returns from angler

tagged striped bass and reported that none of those released in the Hudson 

River was recaptured outside its waters. Further, of 133 recoveries of bass 

tagged at the Narrows and in Upper and Lower New York Bays, all but three 

(2.3 per cent) were from the Hudson River. These were small fish (but not 

young-of-the-year). Some 95 per cent were 16 inches or less in length, and 

most were between 9 and 15 inches. Alperin suggests that further work with 

substantial numbers of mature fish will be required to describe the range, 

migrations and population dynamics of striped bass that frequent the Hudson 

River.  

If, however, most of the striped bass in Great South Bay did not originate 

from Hudson River stock, what was their probable origin? The relative paucity 

of returns from Chesapeake Bay, the center of striped bass abundance on the 

East Coast, and the only slightly greater number from Delaware Bay make it 

difficult to assign these areas as points of origin. Vladykov and Wallace 

(1938, 1952) showed that only very small numbers of striped bass tagged in 

Chesapeake Bay were recaptured outside the bay. Only 28 (1.5 per cent) of 

1,869 fish tagged in the Middle Chesapeake area were recaptured along the 

Atlantic Coast north of Chesapeake Bay. They believed that this low recapture
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rate was partially due to the intensive fisheries which reduced the number 

of tagged fish before they started to leave Chesapeake Bay, and they estimated 

that migrants amounted to about 30 fish out of 1,000. Nevertheless, Tiller 

(1950) presented evidence that striped bass of the dominant 1940 year class, 

taken at Montauk and Great South Bay in 1942, were of Chesapyake Bay ori~;in.  

He based his conclusions on an analysis of growth, comparing body lengths 

and calculated lengths at age 1 of fish from two locations in Chesapeake Bay 

with those Of the northern specimens. Recent studies involving nuitbers of 

striped bass tagged at several different locations in Chesapeake Bay have con

tributed little to our knowledge of coastwise migrants. Mansueti (1961) 

reported that less than 1 per cent of 418 tag returns, from 1,103 striped bass 

released in Maryland's portion of Chesapeake Bay and its tributaries, were 

recovered outside the bay. Massmann and Pacheco (1961) found a somewhat 

higher proportion (4.2 per cent) of recoveries outside the bay from fish 

tagged in Virginia's Chesapeake Bay tributaries. On the other hand, if only 

large striped bass (6 pounds or heavier) are considered, Chapoton and Sykes 

(1.961) reported that 14 of 27 recaptures, from 206 fish tagged in Chesapeake 

Bay, were taken along the coast north of the bay. It is probably true, as 

Mansueti (1961) has stated, that "tagging studies up to now have not yet 

shown the true relationship between the available population and the migratory 

segment".  

Even less is known about the migratory behavioral patterns of the Delaware 

Bay populations of striped bass. The species is known to spawn in the Delaware 

and Maurice Rivers. A number of authors, including Raney and deSylva (1953), 

Lewis (1957), Lund (1957), Murawski (1958) and deSylva (1961), have made 

meristic and morphometric studies of Delaware Bay fish and have concluded
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that these striped bass are a separate population. But the size of the 

population and its contribution to striped bass stocks elsewhere on the 

Atlantic coast are unknown. Maltezos (1960) concluded, on the basis of 

mcristic counts, that part of the population of striped bass of the Connecti

cut and Niantic Rivers was derived from Delaware Bay stock. Some fish tagged 

in Connecticut were recovered along the south shore of Long Island as well as 

southward to Delaware and Chesapeake Bays.  

The following explanation is offered by Alperin as an hypothesis to 

explain why additional returns were not received from Chesapeake Bay, the 

probable source of the majority of the striped bass of Great South Bay.  

Most of the bass in Great South Bay were small. Their length-frequency dis

tribution shows that at least 70 per cent were less than 17 inches (432 

O millimeters) in fork length and almost 80 per cent were less than 18 inches 

(457 millimeters). If they were also predominantly females3 most would have 

been immature. Merriman (1941) found that about 25 per cent of the female 

striped bass he examined from Connecticut waters first spawned just as they 

were becoming 4 years old (mean length 17.7 inches), that about 75 per cent 

were mature as they reached 5 years of age (20.9 inches) and that 95 per cent 

had attained maturity by the time they were 6 years old (24.0 inches).  

Vladykov and Wallace (1952) reported that no female less than 17 inches long 

was mature among their Chesapeake Bay collections, and only 25 per cent br-tween 

17 and 18 inches had reached maturity. Two reports are available on the sex 

ratio of striped bass in the vicinity of New York. Merriman (1941) determined 

* that only 9.7 per cent of 676 specimens from Long Island and southern New 

England were males, and Alperin (1965) found 14.2 per cent to be males among
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775 collected along the outer beaches of Long Island. Therefore, since most 

of the striped bass in Great South Bay were less than 17 inches long, and 

assuming that they were preponderantly females, this population could be 

described as basically immature. These fish, then, would not necessarily be 

involved in spawning runs in the spring after tagging and perhaps not for 

several years. In the intervening time many would be recaptured, some would 

lose their tags, and a large percentage (estimated by Sykes et al (1.961) 1-o 

be as high or higher than known fishing mortality rates of 40 to 45 per cent 

per year) would die before they could return to their "home" 

grounds in tributaries of Chesapeake Bay.  

This idea was advanced by Merriman (1941) to account for the spring 

coastal migration of striped bass. He correlated it with size (age) and 

sexual maturity and commented on the appearance of a vanguard of immature 

females in April and May followed by postspawning mature females. Merriman 

presented several kinds of evidence to support his contention that the myriad 

small bass present on the coast north of Chesapeake Bay in 1936 and 1937 

were derived from the dominant 1934 year class which originated in Chesapeake 

Bay. The data of Chapoton and Sykes (1961) on the recapture of large post

spawning striped bass along the mid-Atlantic and New England coasts lends 

support to the latter part of Merriman's supposition.  

SEASONAL DISTRIBUTION 

The seasonal distribution of striped bass in Great South Bay is quite 

compatable with that described for the Northeast by other authors (Merriman, 

1941; Raney, 1952; Raney et al, 1954). Striped bass are known to winter, at 

times in numbers, from Long Island north to Massachusetts. Most of the records, 

however, of wintering fish in New York refer to the Hudson River and the bays
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along the north shore of Long Island (Neville et al, 1939; Neville, 1940; 

O Raney, 1952), but commercial catches have been made in midwinter in the 

south shore bays as well. There are very local wintertime recreational 

fisheries in both north and south shore bays, and at least one operates 

within the area where tagging was done in Great South Bay. Nevertheless, 

there is little evidence that the tagged fish wintered north of New Jersey.  

There was but one winter record from the Hudson River .and most of the others 

were from New Jersey, the greatest number were from Barnegat Inlet south to 

Delaware Bay. Other wintering fish were recovered in Maryland and Virginia, 

but the number was small.  

Most of the spring records were from New Jersey and Long ibland, the fish 

moving progressively northward with the season, and there was evidence of 

Oearly migration into New England waters (as far north as central coastal 

Maine) during this period.. With the advent of summer, returns were concen

trated at Long Island with a number of recaptures from New England, again 

including Maine. At this season, records from south of New York were neglible

a few from New Jersey and none from the Delaware or Chesapeake Bay areas.  

During the fall the tagged fish exhibited a broad coastal distribution, with 

evident movement from north to south as the season progressed. Most of the 

records were from Long Island waters and along the New Jersey coast but the.  

total area involved extended from Massachusetts to Virginia.  

This distributional pattern was repeated in each year in which recoverie~s 

were made, and, although the numbers taken at either end of the range were 

* few, it is evident that the coastal movement was similar to that described for 

striped bass tagged in Connecticut and eastern Long Island by Merriman (1941)
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and others. Without citing the individual recoveries, it is possible-to 

outline the seasonal distribution and migration. In the winter (December 22

March 21) the fish were present from Barnegat Inlet (New Jersey) to Chesapeake 

Bay. In the spring (March 22-June 21) they moved northward to northern New 

Jersey, Long Island (but not into Long Island Sound) and New England. They 

summered principally in Long Island and New England waters. In the fall 

(September 23-December 21) they were found from Massachusetts to as far south.  

as Virginia, but most of those recaptured were taken in Long island and 

northern New Jersey waters. As winter approached the fish were again found 

mainly along the coast from central and southern New Jersey. A few were 

taken in the Hudson River (one record in winter, five in spring and one in 

fall).  

DISPERSAL FROM GREAT SOUTH BAY 

The movements of striped bass tagged in Great South Bay, during the 

period immediately after tagging, appear to have been random. There were many 

instances of dispersal over a wide geographic area of fish that had originally 

been taken from a single school or, at least, at the same time.  

For example, a successful haul at Hyde's Canal at West Islip on May 11, 

1960 resulted in the tagging of 362 striped bass, 22 of which were recaptured 

during 1960. In the same month in which they were tagged, recoveries were 

made as far apart as Sakonnet Point (Rhode Island) and Sandy Hook (New Jersey).  

Others were taken at this time at several locations in Great South Bay within 

a few miles of the tagging site and at Amagansett and Napeague to the east 

and Jones beach and the causeway area to the we st of Great South Bay, as well 

as at Ossining on the lower Hudson River. In June the fish were widely
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distributed and returns ranged from Narragansett Bay and Charleston in Rhode 

Island to Barnegat Inlet in New Jersey. In Long Island waters they were taken 

at various points along the south shore from Montauk Point to Rockaway Inlet.  

Similar random dispersal was noted for fish tagged in 1961. Within two 

months after a group were tagged near Bayport on June 13, recoveries were 

made at Newburyport (Massachusetts), Narragansett Bay (Rhode Island), 

Southampton and Moriches Inlet (eastern Long Island), the causeway area and 

Jamaica Bay (western Long Island), as well as in the vicinity of the tagging 

site and at Fire Island Inlet.  

The generalization can be made concerning this dispersal is that fish 

tagged in May were more frequently recovered in New England than those tagged 

in June. More of the latter were recaptured in Long Island waters during the 

first weeks after tagging. This could be interpreted to mean that the 

earliest arrivals in Great South Bay have more of a tendency to migrate farther 

to the eastward and northward.  

DISTRIBUTION OF TAG RETURNS FROM NEW YORK WATERS 

Since almost all the marine waters of Long Island and souther New York 

contain striped bass at one season or another, it is pertinent , with 

respect to the State's striped bass fishery, to correlate the tag returns 

with the various areas involved. Although the intensity of sport and commer

cial striped bass fishing pressure for any particular area is largely 

unmeasured, except for the surf area between Jones and Shinnecock Inlets 

(Briggs, 1965), some measure of it, as it applies to fish that disperse from 

Great South Bay, may be found in the distribution of the specimens recovered.
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There were 149 recoveries of tagged fish from New York waters. All but 

one of these were used to plot an east-west distribution related to geo

graphically selected fishing areas known to harbor striped bass. Waters 

west of the Nassau-Suffolk County boundary, on both the north and south 

shores of Long Island and including all of New York Harbor, Staten island 

and the Hudson River, were designated the western sector. All waters east 

of this boundary were designated the eastern sector. Although this divided 

the Marine District unequally, a lack of recoveries between South Oyster Bay 

and the Captree area of Great South Bay provided a convenient region of 

separation. Combined tag returns from the commercial and sport fisheries 

totaled 84 (56.8 per cent) from the eastern sector and 64 (43.2 per cent) from 

the western sector. Within these broad designations some subareas produced 

many more returns than others in proportion to the known fishable waters.  

Outstanding in the western sector was the causeway area which produced 

29 (19.6 per cent) of the returns for the State. This area which is comprised 

essentially of East Bay and Jones Bay (inside Jones Inlet) is a mere 3 to 3 

square miles in size. Farther west the more extensive area from the western 

side of Jones Inlet to Jamaica Bay (essentially all of Hempstead Bay) pro

duced 24 (16.2 percent) of the recoveries. This area includes about 21 wiles 

of ocean beachfront for surf and troll fishing and 84 square miles of bay 

environment. In contrast, the remainder of the sector furnished but 11 

(7.4 per cent) cf the tag returns although it includes more than 300 square 

miles of striped bass environment.
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In the western sector it appears that the relatively narrow confines of 

* East Bay, where fishing pressure was heavy under the Jones Beach causeway 

bridges and in the adjacent boat channels (all within 20 to 25 miles of the 

tagging sites), produced a disproportionately large number of returns from 

the striped bass that were tagged in Great South Bay in May and June of 1960 

and 1961.. Whether these fish first entered Great South Bay via Jones Inlet 

or Fire Island Inlet is unkn own. In the former case they may merely have 

returned, either through the bay complex or along the outer beaches., to a 

more favorable deep-water environment under the causeway bridges after a 

brief seasonal ex ploration of the more shallow expanses of Great South Bay

Some bass,, as shown by scattered tag returns and recoveries by project seining, 

* remained in Great South Bay, but either their numbers were not substantial or 

they were hard to locate. Also, numbers of bass moved westward to the cause

way area (and beyond), and some were recaptured there within days after 

tagging and throughout the ensuing summner and fall. Additional recoveries 

were made there two or more years later. The causeway area produced 2.4 tag 

returns per square mile, the area from Point Lookout (Jones Inlet) to Rock

away Point (entrance to Jamaica Bay) 0.3 per square mile, Jamaica Bay 0.1 per 

square mile, New York Harbor and environs 0.02 per square mile, and the Hudson 

River and western Long Island Sound 0.05 per linear mile.  

No such concentration of recoveries as that at East Bay occurred in the 

more extensive eastern sector even though it included the tagging areas.  

From Great South Bay (including the Suffolk County portion of South Oyster Bay)
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there were 19 (12.8 per cent) scattered returns. An additional 17 recaptures 

resulted from project seining, mostly within a short 
period after the tagging 

but several in subsequent years, bringing the total recovery 
rate to 24.3 

per cent. The rate of return was only 0.1 per square mile from the Suffolk 

County boundary to Smith Point, representing a total area 
of about 140 square 

miles plus an additional 31 miles of barrier beach.  

The most easterly section of Long Island is famous for its striped bass 

fishing both from the beaches and by trolling. It is also most intensively 

fished by commercial interests and is the center of the surf haul seine 

fishery. But the area is vast, including about 59 miles of ocean beach 

frontage and 78 square miles of bay environment from Smith 
Point to Montauk 

Point together with an additional 180 square miles of bay 
involving the 

Gardiners Bay-Peconic Bays complex. Moriches Inlet, Shinnecock Inlet and the 

extreme eastern portion of this area are most intensively 
fished, and, although 

returns were scattered throughout this region, the eastern 
end was the most 

productive. There were 48 (32.4 per cent) of the total tag returns for the 

State from this area (including one from Fisher's Island 
about 16 miles 

farther east). Even though the area has about twice the amount of bay 
and 

estuarine environment and of ocean frontage, the recovery 
rate of 0.2 per 

square mile was double that for Great South Bay. This area lies directly 

along the route of all striped bass traveling northward 
to summer in New 

England waters, and any fish from Great South Bay must 
pass through, either 

by way of thebays or along the outer beaches. In either case, they are 

subject to intensive fishing pressure. This probably accounts for the fact 

that on the whole more striped bass were recovered 
from the eastern than from 

the western parts of this sector.
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CONCLUSIONS (ALPERIN, 1966) 

In years when the population of striped bass in Great South Bay is low, 

a substantial proportion of those present may be of Hudson River origin.  

But when the species is abundant, it seems probable that most of the fish 

come from the Delaware Bay-Chesapeake Bay region and represent dominant year 

classes spawned there. On such occasions, young fish predominate and, at 

times, about half may have reached legal size. Furthermore, they are present 

primarily during May and June, after which they disperse widely.
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MIGRATION OF STRIPED BASS TAGGED IN THE 

SURF WATERS OF SOUTH CENTRAL LONG ISLAND.  

Richard H. Schaefer (1968) 

This study was done by Schaefer because of the lack of information 

concerning the dispersal of striped bass from surf environments and the 

migration of large fish along the Atlantic coast of the United States.  

It includes results of three separate projects conducted by the New York 

Conservation Department over an 11-year period (1954 through 1964). The 

intent of the work was to augment previous tagging investigations on 

striped bass in New York (Neville, 1940; Merriman, 1941; Raney et Al., 

1954; Alperin, 1966) and, further, to complement the research of 

Chapoton and Sykes (1961).  

DESCRIPTION OF TAGGING SITES 

Two similar ocean surf localities, both situated on the south shore 

outer barrier beach of Long Island were used as tagging sites.  

Westhampton Beach is located approximately 75 miles east of New York 

City. It extends for a distance of about 6 miles westward from the vicinity 

of the village of Westhampton Beach and is separated from the mainland by 

Moriches Bay. To the south is the open Atlantic.  

The other-tagging site was located west of Moriches Inlet, along -a 

7-mile stretch of Great South Beach (commonly known as Fire Island) 

extending approximately 3.5 miles east and 3.5 miles west of Smith Point 

County Park.. Great South Beach is fully exposed to the open Atlantic to 

the south and is isolated from the mainland by Great South, Bellport, 

Narrow and Moriches Bays to the north, and extends from Fire Island Inlet 

approximately 32 miles eastward to Moriches Inlet.



Westhampton Beach, 1954 to 1956 

Between November 9 and 17 in 1954, between October 27 and November 25, 

1955, and on May 24, 1956 striped bass were tagged and released in the 

ocean surf at Westhampton Beach. The fish were obtained from commercial 

fishermen operating in the area which, at that time, supported an extensive 

haul seine fishery for striped bass.  

Great South Beach, 1961 to 1963 

Striped bass were tagged at the Great South Beach site between June 27 

and November 30 in 1961, between May 8 and October 25, 1962, and between 

May 6 and November 22 in 1963. The collecting gear was a modified 1,300 

by 12k-foot commercial nylon beach seine.  

Tag Returns From Those Tagged From 1954 to 1956 

Of the 178 striped bass tagged during these years at Westhampton 

Beach, 50, or 28.1 per cent, were recaptured. Only 10 per cent of the 

recovered fish were taken in New England waters, more than 50 per cent 

were recaptured in New York waters and 34 per cent were taken from waters 

to the south of New York. Of all fish recovered in New York, more than 

half came from the.Hudson River.  

Nearly 70 per cent of the fish were taken by commercial fishing, 

while the remainder were taken by anglers.  

The geographical distribution of these recoveries by season suggest 

that most striped bass tagged at Westhampton Beach wintered well to the.  

south of New .ork, especially in the vicinity of Delaware Bay and Chesapcake 

Bay. Spring recoveries indicated that, of 25 fish recaptured during this 

season, 18 (72 per cent) were recovered from the Hudson River. Only one 

spring recovery was made north of New York, while six were made to the south.
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Summer recoveries were few, but all (except for one unknown) came from 

New York and northward, while fall recovery areas extended from New York 

south to Maryland.  

Tag Returns From Those Tagged From 1961 to 1963 

Data for the small fish tagged in 1961 were analyzed separately from 

those for the larger fish tagged during 1961 and the following two years.  

Small Fish 

A total of 332 striped bass less than 6 pounds in weight or 600 

millimeters in fork length was tagged at Great South Beach in 1961. Of 

these, 33 were recovered, representing a return of 9.9 per cent. Most 

of the specimens (45.4 per cent) were taken by sport fishing, 36.4 per 

cent were taken by the commercial fishery and more than 18 per cent were 

discovered in a dead or dying condition.  

Recaptures were made from as far north as Maine and as far south 

as Virginia. More than 75 per cent of the returns came from.New York.  

However, six of the 25 recoveries from New York were fish that had 

apparently sustained fatal injuries during tagging. Only two returns 

(6.1 per cent) were from New England waters, and only six returns (18.1 

per cent) came from the area to the south of New York. Four of the latter 

were from New Jersey.  

Although winter and spring recoveries were few (7) and constituted 

only about 20 per cent of all tag returns, all winter recoveries were from 

Delaware Bay, while spring recovery locations were distributed from the 

mouth of Chesapeake Bay northward to the south shore of Long Island.  

Nearly all summer and fall recoveries, which respectively comprised 33 

per cent and 45 per cent of-all tag returns, were made at various locations
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along the south shore of Long Island. Ten of 11 summer returns and 13 of 

15 fall returns came from New York; the others were from Maine, Massachu

setts and New Jersey. No tagged fish were recaptured from the Hudson 

River.  

Large Fish 

A total of 580 striped bass 6 pounds or more in weight or 600 milli

meters or more in fork length were tagged at Great South Beach during this 

period: 75 in 1961, 134 in 1962 and 371 in 1963. Of these, 67 specimens 

(11.6 per cent) were recaptured. More than 60 per cent of the recaptured 

fish were taken by sport fishing. The remainder were taken by the commercial 

fishery (29.8 per cent) or were found dead or dying (7.5 per cent).  

Returns from 1961 to 1963 came from Maine to Virginia, but most 

recoveries (52.2 per cent) were made in New York waters. With the excep

tion of one from the Hudson River, all returns from New York represented 

fish taken along the south shore of Long Island. Of all those recaptured, 

14 (20.9 per cent) were taken from New England waters, of which seven 

were from Massachusetts and four from Rhode Island. A total of 18 returns 

(26.9 per cent) were received from areas south of New York. Of these, 11 

(16.4 per cent) were from New Jersey.  

Only seven recoveries (10.4 per cent) were made during the winter.  

All of these were from waters to the south of New York. Four were from 

the ocean off New Jersey. Spring recoveries totaled 19 and constituted 

approximately 28 per cent of all returns, were reported from Chesapeake 

Bay in Virginia to Cape Cod in Massachusetts. Most of the large fish 

recaptured (28 or 41.8 per cent) were taken during the summer, and most 

of these (19) came from the south shore of Long Island. With the exception
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of one from Maryland, summer tag returns were from the area from New York 

northward to Maine. There were 13 tag returns (19.4 per cent) during the 

fall; 11 from Long Island and 2 from New Jersey.  

Year Class Dominance and Origin of the 1958 and1961 Year Classes 

The monthly and annual age-frequency distributions of all specimens 

collected at Great South Beach from 1961 to 1963 reveal that the striped 

bass population was dominated at the time by fish from the 1958 and 1961 

year classes. More than half the fish recorded in 1962 were 4 year olds, 

while 2-year-old and 5-year-old specimens together constituted nearly 75 

per cent of the catch in 1963. Because all specimens captured in July of 

1961 and all but a few collected in August of the same year were tagged, 

the age-composition data for these fish are also representative of the 

total catches during those months; these data indicate that nearly 50 per 

cent of the July catch and 85 per cent of the August catch were comprised 

of 3-year-old fish.  

Raney (1952), in his review of the life history of the striped bass, 

noted that this fish is one species "subject to the so-called 'dominant 

year-class' phenomenon" whereby from time to time a large number of off

spring are produced and survive from a not necessarily large spawning 

population. The 1958 year class was a very dominant one, and its influence 

on the Atlantic coastal population of striped bass has been reported.  

Shearer et al. (1962), Frisbie and Ritchie (1963) and Mansueti and Hollis 

(1963), for example, observed a greatly increased catch rate for striped 

bass in the sport fishery of Chesapeake Bay during 1960 and attributed 

the "excellent" fishing to the abundance of the dominant 1958 year class.  

Similarly, Briggs (1962, 1965) also arrived at the same conclusion as an 

explanation, in part at least, for the increased catch and catch rate for
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striped bass in several of the sport fisheries along the south shore of 

Long Island between 1960 and 1963. Moreover, Alperin (1966) suggested it 

was the 1958 year class which comprised the major portion of striped bass 

collected and tagged in Great South Bay during 1960 and 1961. While both 

the latter authors based their assumptions largely on the sizes of fish 

in the catch, the results of the present study would seem to substantiate 

them since ages were determined from actual counts of scale annuli.  

Because of the obvious importance of the dominant 1958 and, to a 

lesser degree, 1961 year classes to the striped bass population in Long 

Island waters, it is of considerable interest to speculate on their 

origin. It has been demonstrated from -past tagging studies (Vladykov 

and Wallace, 1938, 1952; Chapoton and Sykes, 1961; Mansueti, 1961; Mass

mann and Pacheco, 1961;' Nichols and Miller, .1967) that at least a small 

percentage of striped bass two years of age and older migrate out of 

Chesapeake Bay and northward along the Atlantic coast. While small, this 

percentage led Nichols and Miller to conclude that "the Potomac River is 

a significant contributor to the striped bass stocks along the northeast 

Atlantic coast". Moreover, certain investigators (Merriman, 1937, 1941; 

Vladykov and Wallace, 1938, 1952; Neville et al., 1939; Neville 1940; 

Wallace and Neville, 1942; Tiller, 1950) have observed the strong influence 

of dominant year classes on stocks of striped bass in northern waters 

(primarily New York and southern New England) two and more years following 

good production of young-of-the-year fish in Chesapeake Bay. Based on the 

evidence at hand, a similar relationship iti indicated for the 1958 and 

1961 year classes. Mansueti and Hollis (1963), for example, stated that 

"exceptionally good striped bass production from spawning was found in 

1950, 1954, 1956, 1958, 1961 and 1962" in Chesapeake Bay. This statement,
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when related to the subsequent observations of Shearer et al. (1962), 

Frisbie and Ritchie (1963), Briggs (1962, 1965) and Alperin (1966) and 

the results of the present study, seem to suggest strongly that Chesapeake 

Bay was the major geographical source of the 1958 and 1961 year classes.  

Similarly, both Briggs and Alperin concluded that Chesapeake Bay was the 

most probable major location from which the 1958 year class originated.  

Contribution of the Hudson River 

The geographical distribution of tag recoveries by season from all 

fish tagged during the present study suggests an annual migratory pattern 

highly reminiscent of that already well documented for the Atlantic coast 

of the United States (Vladykov and Wallace, 1938, 1952; Merriman, 1937, 

1941; Wallace and Neville, 1942; Raney, 1952; Raney et al., 1954). A 

general northward movement in the spring from southern wintering areas 

and an opposite return movement in the fall are indicated. The data 

demonstrate that major wintering areas extended from Virginia to New 

Jersey as evidenced by the fact that 17 of 19.winter tag returns were 

received from these states. Of th e remaining two winter recoveries, one 

was taken in New York Harbor and the other somewhere offshore in the North 

Atlantic. More specifically, the data for tag returns reveal that Dela

ware Bay and the ocean between 1 and 5 miles offshore along the southern 

New Jersey c oast were probably the most "important" wintering grounds, 

since nine and four, respectively, of the 17 winter recoveries from south 

of New York came from these localities. Only two winter returns came 

from Chesapeake Bay.  

The extensive distribution (Virginia to Massachusetts) of the tag 

recoveries made during the spring suggests that some striped bass vacated 

the southern wintering are as-and began a general coastal movement to the
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north. It is apparent, however, that the'northward migration was essentially 

completed by summer, since only one of a total of 44 tag recoveries during 

this season occurred to the south (Maryland). Moreover, a general south

ward migration in the fall can be predicted from the locations of the 

recoveries made during this season; only one of 39 tagged fish was retaken 

north (Massachusetts) in the area extending from New York south to Maryland.  

While such a general migratory pattern can be inferred from the com

bined recovery data, obvious dissimilarities are also evident when the 

data for the individual tagging operations (i.e., 1954-1956 and 1961 small 

specimens; 1961-1963, large specimens) are considered separately. The 

number of recoveries from the Hudson River for fish tagged during the 

1954-1956 period, for example, is striking when compared with that from 

the same location for fish tagged between 1961 and 1963. For fish tagged 

during the earlier period 14 (28.0 per cent) of the 50 recoveries came 

from the Hudson River, but only one of the 100 recoveries for both small 

and large fish tagged during the later period came from this river. A 

t test indicated a highly significant difference (.01 probability level) 

between the two proportions (t = 100, d.f. 148). Of the 14 Hudson 

River returns for fish tagged during the 1954-1956 period, 12 represented 

spring recoveries of which 11 were taken by commercial gill netting in 

the Haverstraw-Nyack area and one was caught by a sport fisherman on hook 

and line in New York Harbor. The other two were caught by hook and line 

in New York Harbor (one in the early fall, October 7, and the other in 

late winter, March 6).  

Despite the general absence of winter recoveries from the Hudson 

River for fish tagged at Westhampton Beach between 1954 and 1956, it 

seems probable from the observations of earlier investigators (Neville,
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1940; Vladykov and Wallace, 1952; Raney, 1952; Raney et al., 1954) that 

the striped bass recaptured in the.Hudson River during the spring also 

overwintered there, in the vicinity of New York Harbor, or in adjacent 

ocean areas. The paucity of winter recoveries from the Hudson River is 

not surprising because commercial fishing for striped bass is prohibited 

in the Hudson River between the southern end of Manhattan Island and 
the 

dam at Troy from December 1 to March 15. At the same time, although not 

prohibited, sport fishing is greatly reduced because of generally cold 

and inclement weather conditions.  

On the basis of two of 31 recoveries outside Chesapeake Bay, Vladykov 

and Wallace (1952) concluded that the Hudson River might be a wintering 

ground for some migrants from Chesapeake Bay. Similarly, Raney (1952) 

suggested that certain groups of the main migratory body of striped bass 

defect during the southward fall movement and enter coastal estuaries 

and rivers such as the Hudson where they spend the winter. In a later 

study concerning the Hudson River stock, Raney et al. (1954) further 

concluded that striped bass which move out of the Hudson in late spring 

and summer along both the north and south shores of Long Island, reverse 

direction in the fall and re-enter the river. This pattern is similar 

to that hypothesized by Neville (1940).  

It is also possible that more of the striped bass of all sizes that 

were tagged at Great South Beach between 1961 and 1963 overwintered 
in 

the Hudson River and may have participated in the spring spawning 
known 

to occur there (Curran and Ries, 1937; Greeley, 1937; Neville, 
1940; 

Raney, 1952; Raney et al., 1954, Rathjen and Miller, 1957). Indeed, it 

seems unlikely that many of these fish would have 
been captured even if 

present in the river during winter or spring, because the commercial
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fishing effort for the species (and the number caught) has declined 

sharply over the last several years, especially between 1962 and 1965.  

It seems less likely that the striped bass recaptured in the Hudson 

River during the spring may have moved there immediately after an extensive 

.early northward migration from southern wintering grounds (e.g., Chesapeake 

Bay and Delaware Bay). Merriman (1941), for example, reported that one 

fish tagged in.North Carolina "on November 15, 1937, was caught in New 

Jersey on January 16, 1938, showing that-some fish migrate north before 

the spring months". Moreover, Vladykov and Wallace (1952) indicated that, 

of 31 recoveries made from outside Chesapeake Bay for fish tagged there 

during October of 1936 and 1937 and in Croatan Sound (N.C.) during November 

of 1937, one specimen was recaptured after only 67 days at liberty 

(December 18) in New York Harbor near Bayonne, New Jersey. Two additional 

recoveries were made in New Jersey during the following winter (February 1 

and 25) after being free for only 110 and 122 days, while 16 fish were 

recaptured in coastal areas from Maryland to Massachusetts during the 

following spring (March 22 to June 14). Nichols and Miller (1967) noted 

that, of 43 striped bass tagged in the Potomac River during the winter 

(November through March) and subsequently recovered outside Chesapeake 

Bay, 26 were recaptured within 117 days from coastal waters as far north 

as Maine. Of these, one was caught in southern New Jersey (Great Egg 

Harbor) during March after only 8 days at liberty, and a second was 

recovered from New York Harbor in April after only 17 days. These' latter 

recoveries suggest some northward movement in winter and early spring.  

* The. results of the present study are similar to those presented by 

Alperin (1966) for striped bass tagged in Great South Bay between 1956 

and 1961. He reported that 16.6 per cent and 18.1 per cent, respectively,
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of the recoveries for fish tagged during 1956 and 1959 came from the Hud

son River, but that only 2.0 per cent of those for fish tagged during 

1960 and 1961 came from that location. He suggested that the fish marked 

in 1956 and 1959 were of more local nature and may have originated in 

the Hudson River, while those bass marked in 1960 and 1961, which appeared 

in great numbers, probably originated to the south. In the years when 

migrants from the south are not abundant in Great South Bay, fish of Hudson 

.River origin may be the principal source of supply. Although it may seem 

contradictory that both Raney et al. (1954) and Alperin (1966) suggested 

that striped bass of Hudson River stock seldom go farther east along the 

south shore of Long Island than Jones Beach, it should be noted that this 

conclusion is based solely on recovery data from fish tagged in the Hudson 

River which were mostly specimens of sublegal (less than 16 inches in 

fork length) size. It has been demonstrated by several investigators 

(Vladykov and Wallace, 1938, 1952; Merriman, 1941; Raney, 1952, 1957; 

Mansueti, 1961; Massmann and Pacheco, 1961; Nichols and Miller, 1967) 

that small striped bass, especially those less than 2 years old, are, for 

the most part, non-migratory. Thus, the hypothesis of Alperin (1966) 

concerning the origins of the Great South Bay population seems plausible.  

It is suggested that a rather sizeable portion of the fish tagged at 

Westhampton Beach between 1954 and 1956, and possibly some of those tagged 

at Great South Beach between 1961 and 1963, may have been of Hudson River 

origin.  

Migratory Behavior of Large Fish 

While the emphasis of the present study was to describe the migratory 

behavior of large striped bass tagged in Long Island waters, few differences 

were noted between the distribution of recoveries for small fish tagged
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in 1961 and large fish tagged between 1961 and 1963 at Great South Beach.  

Recaptures for both groups were made from Maine to Virginia, although the 

percentage from waters outside New York was greater for the large fish.  

These observations suggest that both size groups, but especially the larger 

specimens, were highly migratory. Chapoton and Sykes (1961) noted from 

tag recovery data that large striped bass, which were marked during the 

winter on the North Carolina coast, were subsequently recaptured in 

Chesapeake Bay during the spawning season (spring) and north along the 

Atlantic coast to New England after the spawning season. While no tags 

were returned from North Carolina for large fish marked during the present 

study, there is some evidence from winter recoveries in the coastal areas 

of Delaware, Maryland and Virginia and spring recoveries in Chesapeake 

Bay that the large specimens tagged at Great South Beach were of essentially 

the same stock as those marked by Chapoton and Sykes (1961) in North 

Carolina. The complete migratory cycle suggested by the latter authors 

for large striped bass along the Atlantic coast, i.e., North Carolina 

to New England in the spring with a return movement in the fall, seems 

to be supported by the results of the present investigation.  

Because the striped bass is generally considered to be an inhabitant 

of "inshore" waters, it is of particular interest to note the number of 

tag returns for large specimens recaptured between 0.5 and 5 miles off

shore in the ocean. Eight (11.9 per cent) of the 67 recoveries for large 

fish were taken there, while only one of the small striped bass tagged 

at Westhampt.n Beach between 1954 and 1956 and one of the small individuals 

tagged at Great South Beach in 1961 were recaptured from this habitat.  

Tests of these differences in the proportion of tag returns from offshore 

waters revealed that the number of recoveries for large fish was signifi-
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cantly higher (.01 probability level) than that for small specimens for 

bass tagged at either Westhampton Beach (t = 40.0, d.f. =.115) or at Great 

South Beach (t = 46.2, d.f. = 98). From these observations, it would 

appear that the large striped bass tagged during the present study possessed 

a greater affinity for the oceanic habitat than the smaller specimens.  

Moreover, six of the eight oceanic recoveries of large fish were made I 

to 5 miles offshore along the coast of southern New Jersey (Seaside Park 

to Brigantine) between late November and early February during the years 

1962 to 1965, while none was recaptured from the inshore waters of New 

Jersey during the same time period. This further suggests that the ocean 

area immediately off the coast of southern New Jersey served as an important 

wintering ground for large striped bass.  

Importance of the Sport Fishery 

Raney (1952) reported that, while catch statistics for the commercial 

fishery were available, there were no reliable figures for catch of 

striped bass by the sport fishery along the Atlantic coast of the United 

States. Although the evidence is sketchy, some data are available which 

suggest that until recently most of the striped bass harvested along the 

east coast were landed by commercial fishermen. Vladykov and Wallace 

(1952), for example, reported that, of 24 striped bass tagged in 1936 

and 1937 and recovered by known methods outside Chesapeake Bay between 

1937 and 1939, only four (16.7 per cent) were taken on hook and line.  

It is interesting that many of the states in which these recoveries were 

made have since enacted legislation prohibiting commercial netting of the 

species and/or establishing a minimum size limit. Moreover, while no 

specific data are presented, Merriman (1941) indicated that large quantities 

of striped bass tagged in Connecticut and Long Island waters in the late
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1930's-were recaptured by pound nets and haul seines. These types of 

gear, especially those operated in the ocean, have sharply declined in 

number during recent times apparently for economic reasons.  

The data now indicate that sport fishing accounted for a substantially 

greater percentage of the recoveries for striped bass of all sizes tagged 

between 1961 and 1963 at Great South Beach than it did for those tagged 

at Westhampton Beach between 1954 and 1956. While only 32 per cent of 

the recoveries from fish tagged at Westhampton Beach were harvested by 

sport fishing, 45 per cent of the small specimens and more than 60 per 

cent of the large specimens tagged at Great South Beach were taken in 

this manner. Moreover, Alperin (1966) reported that nearly 65 per cent 

of the striped bass tagged in Great South Bay between 1956 and 1961 were 

recovered by sport fishing, while Chapoton and Sykes (1961) indicated 

that returns for large fish tagged in North Carolina and recovered north 

of Chesapeake Bay subsequent to the spawning season were taken by sport 

fishermen. These observations suggest that sport fishing, which has 

grown enormously in recent years, is rapidly supplanting conmmercial fishing 

as the major method of harvesting striped bass along the Atlantic coast 

north of Chesapeake Bay. This conclusion is further supported by Clark 

(1960) who estimated that 9,272,000 striped bass having an aggregate 

weight in excess of 37,000,000 pounds were landed by salt-water sport 

fishermen during 1960 in that Atlantic coastal region extending from Maine 

to Cape Hatteras, North Carolina. During the same year, the striped bass 

landings for the commercial fisheries from M~aine to North Carolina was 

8,550,000 pounds (Source: Fishery Statistics of the United States, 1960.  

U. S. Dept. Inte rior), or approximately one-fourth the estimated sport 

catch. Moreover, for all of Chesapeake Bay during 1962, Elser (1965) 

estimated tha t 9,340,000 pounds (approximately 5,000,000 specimens) were
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harvested by the sport fishery while, for the same area and year, the 

commercial fishery landed only 3,910,000 pounds or less than half the 

sport catch. That sport fishing will have an even greater impact on the 

harvest of striped bass in the future is suggested by the fact that the 

number of salt-water anglers on the Atlantic coast has expanded from 

3,383,000 in 1960 to 4,178,000 in 1965, an increase of nearly 25 per cent 

over the 5-year period ( Source: National Survey of Hunting and Fishing, 

1960. U. S. Dept. Interior).  

Since the majority of striped bass tagged during the present investi

gation were recovered from New York, it is of interest to note the growth 

of marine sport fishing in this State in recent years and to project 

this growth into the near future. Based on an average annual rate of 

increase of 6.7 per cent (Stroud, 1963) and census data compiled by 

Crossley, S-D Surveys, Inc. (1956), Alperin (1966) estimated that the 

number of salt-water anglers in New York nearly doubled (from 608,000 to 

1,163,000) over the 10-year period between 1955 and 1956. Using the same 

data to extrapolate further, it is estimated that by 1970 the total number 

of salt-water anglers in New York will be more than 1,500,000.  

CONCLUSION 

It would appear that, for the most part, the abundance of striped 

bass inhabiting-the south shore surf areas of Long Island is directly 

dependent upon the contribution of stocks produced in more southern waters, 

most probably Chesapeake Bay. Apparently onlyix years when this contri

bution is low does the influence of Hudson River stock on the south shore 

population become evident.
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Table 1. Seasonal and geographic distribution of recoveries of striped 
bass tagged at Westhampton Beach, 1954-1956.  

Location Season Total 
Winter Spring Summer Fall Number Per cent 

North of New York 
North Atlantic 1 - - 1 2.0 

Massachusetts - 1 2 - 3 6.0 
Rhode Island - - 1 - 1 2.0 

Sub-total 1 1 3 - 5 10.0 

New York 
Long Island - 5 1 5 11 22.0 
Hudson River* 1 12 - 14 28.0 
Unknown - - I 2 4.0 

Sub-total 1 18 1 7 27 54.0 

South of New York 
New Jersey 2 4 - 2 8 16.0 
Delaware 3 1 - 1 5 10.0 
Maryland 1 1 - 1 3 6.0 
Virginia 1 - - - 1 2.0 

Sub-total 7 6 - 4 17 34.0 

Unknown - - 1 1 2.0 

Total 
Number 9 25 5 11 50 100.0 
Per cent 18.0 50.0 10.0 22.0 100.0 xxx 

* Includes all of New York Harbor.



-65-

Table 2. Seasonal and geographic distribution of recoveries of large*.  
striped bass tagged At Great South Beach, 1961-1963.  

Location Season Total 
Winter Spring Summer Fall Number Per cent 

North of New York 
Maine -- 1-11.5 
Massachusetts -4 3 -7 10.4 
Rhode Island -1 3 -4 6.0 
Connecticut -11-2 3.0 

Sub-total -6 .8 -14 20.9 

New York 
Long Island -4 19 11 34 50.7 
Hudson River -1 - 1 1.5 

Sub-total -5 19 11 35 52.2 

South of New York 
New Jersey 4 5 -11 16.4 
Delaware 1 - - F1 1.5 
Maryland 1 2 1 -4 6.0 
Virginia 1 1-2 3.0 

Sub-total 7 8 1 18 26.9

Total 
Number 7 19 28 
Per cent 10.4 28.4 41.8 

*Fish 6 pounds or 600 millimeters or larger.

167 100.0 
100.0 xxx
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SEASONAL MOVEMENTS OF STRIPED BASS CONTINGENTS 

OF LONG ISLAND SOUND AND THE NEW YORK BIGHT 

(John Clark, 1968) 

This documents reports on the recovery of striped bass tagged along the 

northeast Atlantic coast in 1959 to 1963 and gave data on seasonal movements.  

It confirms and extends the findings reported by Raney, Woolcott and Mehring 

(1954). He noted that various groups which he called "contingents" occupied 

the Hudson-West Long Island Sound area, the Hudson E-stuary, and the Hudson 

and nearby Atlantic. He assumes that the above three contingents had their 

origin in the Hudson River. The origin of what he terms a Long Island Sound 

contingent was not to him evident. In the light of Raney's, et al, 1954 

findings and the lack of spawning in Connecticut ard Massachusetts rivers, 

it is probable that this group is of Hudson origin. He also showed that 

what he called other contingents of southern or undetermined origin also 

appeared in the area from spring to fall. This cofirmed the findings of 

Merriman (1941) and Raney, et al (1954).  

His findings are discussed with particular reference to the Hudson River.  

His Hudson River-West Long Island Sound contingent behaves like a section of 

the Hudson River race which was described by Raney, et al, 1954. It moves 

from the Western Long Island Sound in fall into the Hudson River where it 

spawns. It then returns to the Sound by way of the Harlem River, East River.  

or around Manhattan Island and up the East River to the Sound. It does not 

take the oceanic pathway around Long Island.
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What he calls the Hudson Estuary contingent is included in Raney's 

Hudson River race. This is basically a resident group which moves within 

the Hudson and some spill out found along the northeastern coast of New Jersey 

and the southwest area of Jamaica Bay. This is noted by Raney and by Alperin 

(1966). At times segments of this race may reach eastward on southern Long 

Island as far as Great South Bay.  

Clark's Hudson-Atlantic contingent was also reported by Merriman (1941) 

and Raney (1952) and Raney, et al (1954) and represents fishes which may or 

may not have wintered in the Hudson and presumably in the lower Hudson 

(Haverstraw Bay area) and on some occasions, these fishes of southern origin 

(Chesapeake or Delaware Bay) may spawn.  

Raney, et al (1954) reported as follows: "Several year-classes from the 

Hudson River suggest that the Hudson race is an upstream form which apparently 

is limited to the vicinity of Haverstraw and northward, while a quite different 

stock with fin ray counts similar to the James River population of the Chesa

peake Bay race exists in the lower part of the river south of Haverstraw.  

More detailed studies are necessary to determine the precise status of these 

sub-races." Such studies were not done. However the over-wintering or other 

visitation of the lower Hudson by bass of presumed southern origin, as judged 

from tagging returns and as noted by Merriman (1941), Raney (1952) and Raney, 

et al (1954), as well as Clark (1968), needs further investigation.  

This point il particularly important in regard to the Indian Point plant 

inasmuch as these are downriver fishes which may contribute substantially to 

what Clark calls the Hudson-Atlantic contingent.



-68-

Clark also recognizes a Long Island Sound contingent. His contingent 

represents part of Raney, et al (1954) Hudson River race which were found 

by the latter to occupy the Hudson. As noted by-Raney, occasionally a 

specimen of striped bass from the Chesapeake Bay race is found in the Long 

Island Sound. These are mostly limited to east or north shore tributaries 

such as the Connecticut River and Thames. The Ooor record of returns from 

the Hudson River may be attributable to lack of fishing in the Hudson River 

or lack of cooperation by commercial fishermen who, in Raney's experience, 

are suspicious of the motives of the Long Island League of Saltwater Sportsmen 

who supported the tagging program reported by Clark. Their obvious concern was 

that their cooperation might put them out of business within the Hudson River.  

Clark pointed out (1968: 340) that during the perliod of his study there was 

no winter commercial fishing in the Hudson. The gill net fishery for striped 

bass was closed by law on 30 November and opened again on 15 March. However, 

fishing normally did not begin until early April ,hen the drift ice was out of 

the river. Clark succinctly points out "There is little sport fishing for 

striped bass in the Hudson at any time of the year and it is virtually non

existent in the winter."
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MIGRATIONS OF STRIPED BASS TAGGED OR 

RECOVERED IN THE NEW YORK AREA 
from 1967-1971 

(Edward C. Raney, 1972) 

The American Littoral Society has conducted a tagging program 

on Atlantic Coast striped bass since 1967. Lists of the recaptured 

fish have been published in Underwater Naturalist (Vol. 4, No. 2; 

Vol. 5, No. 2; Vol. 6, No. 1; Vol. 6, No. 2; Vol. 6, No. 3; Vol. 6, 

No. 4; Vol. 7, No. 1; Vol. 7, No. 2; and Vol. 7, No. 3). An analysis 

was made of the movement of the 309 fish which were either tagged or 

recaptured in New York waters and for which complete information 

was available. The results are in accord with many studies of 

Atlantic Coast striped bass which have been published since Merriman's 

(1941) study.
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SPATIAL DISTRIBUTION OF STRIPED BASS (Table 2) 

1. The 20 fish tagged in New Jersey were recaptured near Staten Island, Brooklyn 

and Queens, and along the southern shore of Long Island (south Nassau and 

south Suffolk). Only two were found on the northeastern tip of Long 

Island, and only two were found in the Hudson River, one in August and 

one in March. Generally, the fish seemed to migrate northward in the 

spring. All those tagged in New Jersey in the spring (12 out of a total 

of 20) were found farther north by the time of their recapture in early 

summer. Of the eight remaining fish, only one was tagged in July; it was 

recaptured in the same area that month. The rest were tagged in late 

summer, August or September. These fish were probably already on their 

southward migration. Six of these seven fish were recaptured early the 

following season at more northerly points, probably during the spring 

migration. Only one fish did not adhere to this pattern. It was tagged 

in August in Middlesex, New Jersey and was recaptured in November of the 

same year on the southeastern tip of Long Island.  

2. The 33 fish tagged in the vicinity of Staten Island were recaptured as 

far south as Virginia, Maryland and Delaware and as far north as Massachu

setts. They were also recaptured in the Hudson River, in New York Bay 

and Jamaica Bay and along the southern shore of Long Island. The 7 fish 

recaptured in Virginia, Maryland and Delaware were recaptured in the vinter 

and early spring. Most (7) of those recaptured in New Jersey were caught 

in the spring or fall. Only two fish recaptured along the New Jersey 

coast were caught in mid-summer. Of the 5 fish recaptured in the New York
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area and along the southern shore of Long Island, most were caught in the 

spring or fall. Their occurrence in these areas in the summer was 

infrequent. Generally, the fish tagged in Staten Island seemed to be of 

the same migratory stock as those tagged in New Jersey. They move north

ward in the spring along the southern shore of Long Island towards 

Massachusetts, skirting Long Island Sound and the north shore of 

Long Island. Only one fish of the 33 tagged in Staten Island was caught 

along the Connecticut coast, but it was caught at the most northerly 

county, New London. Furthermore, not one fish tagged in the vicinity of 

Staten Island was caught along the northern shore of Long Island.  

3. The 22 fish tagged in Brooklyn and Queens (the New York Bay and Jamaica Bay 

areas) were of the same migratory stock as those mentioned above. They 

were recaptured from Virginia to Massachusetts, but most were recaptured 

in the same area in which they were tagged or along the south shore of 

Long Island. None of these fish were recaptured in Long Island Sound.  

4. The fish tagged alongthe south shore of Nassau and Suffolk Counties were 

recaptured as far south as North Carolina, Maryland and Delaware. These 

fish were recaptured in the winter and early spring. The most northerly 

point of recapture was in the fall near Washington, Rhode Island. Only 

two of the 17 fish tagged along the south shore of Long Island were 

recaptured in Long Island Sound. Both of these were recaptured along the 

Connecticut coast. One had strayed as far west as Fairfield, Connecticut, 

but the other was caught at the most easterly county, New London.
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5. The fish tagged off the northeast and southeast end of Long Island (east 

of Riverhead) were, again, of the migratory stock which travels up north and 

down south along the coast. These fish were recaptured from North Carolina and 

Virginia along the New Jersey coast to Rhode Island. of the 44 fish 

tagged in this area only one was caught on the north shore of Long island 

in Nassau County.  

6. Most of the fish tagged in the western part of Long Island Sound along the 

north shore of Nassau County and along the Fairfield, Connecticut coast 

were recaptured in Long Island Sound. Only 17 of the 85 tagged in these 

areas were ca"uht,oit of the Sound. One of these was caught as far north 

as Newport, Rhode Island, but the remaining 16 were caught of f Long Island.  

The fish tagged off New Haven, Connecticut and New London, Connecticut 

were also recaptured in Long Island Sound..  

7. Of the 42 fish tagged along the north shore of Suffolk County, six were 

part of the migratory stock. Four of these were c aught in the southern 

states, Virginia, Maryland and Delaware; one was caught off Washington, 

Rhode Island, and one was'caught along the New Jersey coast. An additional 

six were caught along the south shore of Long Island. Most of the fish 

tagged in north Suffolk County, however, remained in Long Island Sound.  

The migratory stock apparently mixes occasionally with the Long Island 

population while along the north Suffolk shore.  

8. The 5 fish tagged near the Bronx were all recaptured in the New York areas,, 

in Long Island Sound and along the south shore.
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9. The 2 fish tagged off Manhattan were part of the migratory stock which 

come into New York Bay; one was recaptured near Ocean, New Jersey and the 

other was recaptured in Maryland.  

10. The fish tagged in the Hudson River were generally recaptured near either 

the western end of Long Island Sound (Fairfield, Connecticut) or in the 

New York Bay area. Of the 13 fish tagged in the Hudson River, five were 

recaptured off.Fairfield, Connecticut, and one was caught off Nassau 

County. Four of the remaining fish were caught in the New York Bay area, 

two off Brooklyn, one off Staten Island, and one off Monmouth, New Jersey.  

Only two fish were found out of these two general areas; one off the south 

shore of Suffolk County and one off Plymouth, Massachusetts. One fish 

was recaptured in the Hudson River.  

Of the five fish which were recaptured in the Hudson River, three 

were tagged off Staten Island and one was tagged off Monmouth,, New Jersey.  

One was tagged as far south as Ocean, New Jersey.  

Since 1967, 19 striped bass have been either tagged or recaptured in 

the Hudson River. Fifteen of these fish were in the Hudson River in the 

spring, 6 in April and 9 in May. One was caught in the summer (August).  

Only two fish were caught in the winter (one in February and one inMarch), 

and only one was caught in the fall (November).
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SEASONAL DISTRIBUTION (Table 4) 

1. Striped bass were found in the extreme southern sectors (North Carolina, 

Virginia, Maryland and Delaware) in the winter, early spring and fall.  

None were recaptured there in mid-summer.  

.2. Striped bass occurred in New Jersey from February to December. In the 

southern areas, as far north as Ocean, New Jersey, they were more 

generally found in the spring and fall. North of Monmnouth, New Jersey, 

however, they were more abundant in the summer.  

3. The striped bass occurring in Richmond, Kings and Queens were found from 

April to November. They were most abundant in the spring and summer.  

4. the striped bass caught in the western end o f. Long Island Sound (Nassau 

County and Fairfield, Connecticut) were caught in the spring, summer and 

early fall.  

5. The striped bass caught along the north shore of Suffolk County were most 

abundant in the spring and fall.  

6. Along the south shore of Long Island, south Nassau County and south Suffolk 

County, striped bass were most abundant in the spring and fall.  

7. East of Ri'.erhead, on the northeast arm of Long Island, striped bass were 

most abundant in the fall but were also found in the spring and summer.  

On the southeast arm of Long Island, striped bass were found primarily 

in the fall.
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8. The one fish which was tagged along the Westchester County coast was 

recaptured-in Virginia. It therefore seems to be of the migratory

stock described above.  

9. The two fish tagged in Rhode Island were recaptured off the extreme 

eastern end and along the south shore of Long Island.  

10. Of the six fish tagged in Massachusetts, two were found in Long Island 

Sound along the north Nassau County shore. The rest were caught at the 

extreme eastern end and along the south shore of Long Island.  

11. The six fish tagged in Maine were part of the migratory stock. They 

were recaptured along the eastern end of Long Island, along the south 

shore of Long Island and in Jamaica Bay.  

12. The striped bass in the Hudson River were recovered mainly in the early 

spring.  

13. North of Washington., Rhode Island, most of th e striped bass were 

caught in the sunmmer.  

The overall trend was for fish to be caught in the late fall, winter 

and early spring, in the southern states; in the summer in the extreme 

northern states (New England); and in the late spring and early fall in 

the New York-New Jersey region.
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DISCUSSION 

The Atlantic Coast migratory stock originating in the 

southern sectors move north in the spring and south in the fall. They -go 

as far north as Maine. Only four of these fish originated as far south as 

North Carolina, which confirms 'Merriman 's (1941) contention that areas as 

far south as North Carolina contribute little to the Atlantic Coast fishery.  

The Hudson River contingents described by Clark (1968) were largely 

confirmed in this study. There was little evidence of an overwintering 

striped bass population in the Hudson; only one fish was caught there in the 

winter. This is probably a reflection of the lack of a winter sport or 

commercial fishery in this area.  

The Hudson-Estuary contingent was evidenced in the New York Bay area.  

The bays off Monmnouth, New Jersey and off Richmond, Kings and Queens seemed 

to support summer populations of striped bass. Many of these were of the 

Atlantic Coast migratory stock, but many had either been tagged or were 

recaptured in the same areas or in the Hudson River.  

The existence of the Hudson-West Sound contingent was also confirmed.  

Five of the thirteen fish tagged in the Hudson were recaptured in the Sound.

The Long Island Sound contingent remained fairly stationary, and contrary 

to Clark's observations, there was little migration along the New England 

coast. Only oi~e of the 85 fish tagged in this area was caught as far nor:h 

as Rhode Island.
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The existence of a Hudson-Atlantic contingent could neither be proven 

nor disproven in this study. One of the 13 striped bass tagged in the Hudson 

River was caught off Plymouth, Massachusetts (Table 5). Whether or not a 

portion of the Hudson River population is contributed to the Atlantic Coast 

stock is an important question for further research.  

It remains clear that the Hudson River contributes to the fishery of the 

New York metropolitan area. Striped bass from the Atlantic Coast migratory 

stock mingle with the Hudson fish in New York Bay and along the northern 
New 

Jersey shore. Clark reported that the Atlantic Coast stock also enters the 

western end of Long Island Sound, but there was no evidence of this in this 

study. There was some mingling of the two populations off the north shore of 

Suffolk County.
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Table 1. Zones within which striped bass were tagged or recaptured.  

Zone # 
IA North Carolina 
1 Virginia 
2 Maryland 
3 Delaware 
4 Cape May, New Jersey 
5 Atlantic, New Jersey 
6 Burlington, New Jersey 
7 Ocean, New Jersey 
8 Monmouth, New Jersey 
9 Middlesex, New Jersey 

10 Union, New Jersey 
11 Essex, New Jersey 
12 Hudson, New Jersey 
13 Bergen, New Jersey 
14 Richmond, New York 
15 Kings, New York 
16 Queens, New York 
17N North Nassau, New York 
17S South.Nassau, New York 
18N North Suffolk, New York 
18S South Suffolk, New York 
18NE Northeast Suffolk, New York 
18SE Southeast Suffolk, New York 
19 Manhattan, New York 
20 Bronx, New York 
21 Westchester, New York 
22 Rockland, New York 
23 Fairfield, Connecticut 
24 New Haven, Connecticut 
25 Middlesex, Connecticut 
26 New London, Connecticut 
27 Washington, Rhode Island 
28 Kent, Rhode Island 
29 Providence, Rhode Island 
30 *Bristol, Rhode Island 
31 Newport, Rhode Island 
32 Bristol, Massachusetts 

33 Plymouth, Massachusetts 
34N North Barnstable, Massachusetts 
34S South Barnstable, Massachusetts 
35 Massachusetts Bay 
36 Essex, Massachusetts 
37 New Hampshire 
38 Maine
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Table 2. Sites where striped bass were tagged or recaptured.

TA(~F~fl

Burlington, New Jersey 

Ocean, New Jersey 

Monmouth, New Jersey 

Middlesex, N. J.  

Richmond, N. Y.

RECAPTURED

May 69 

April 68 
April 68 
April 69 
April 69 
May 70 
April 70 
May 69 
June 69 

June 67 
Sept. 68 
Sept. 68 
June 69 
June 70 
July 71 
Aug. 70 
Sept. 68 
Aug. 70 

Aug. 69 
Aug. 70 

April 67 
April 68 
Oct. 68 
Oct. 68 
Aug. 68 
April 69 
Oct. 68 
Oct. 68 
April 69 
Nov. 69 
May 70 
July 69 
April 69 
May 69 
July 69 
April 69 
April 69 
April 70 
April 70 
April 70 
May 70

TAr-r7n RECAPTURED
South Suffolk 

South Suffolk 
Southeast Suffolk 

Northeast Suffolk 
South Suffolk 
Richmond, N. Y.  
South Suffolk 
Hudson R.(Riverdale) 
Kings, N. Y.  

Northeast Suffolk 
Kings, N. Y.  

Richmond, N. Y.  
Queens, N. Y.  

Southeast Suffolk 

Monmouth, N. J.  

Hudson (Rock.) 
Kings, N. Y.  
Monmouth, N. J.  

Richmond, N. Y.  
Southeast Suffolk 

Essex, Massachusetts 
Northeast Suffolk 

Southeast Suffolk 
Virginia 
Kings, N. Y.  
South Suffolk 
Monmouth, N. J.  
Maryland 
Richmond, N. Y.  
Hudson R.  
South Suffolk 
Delaware 
Atlantic, N. J.  

Virginia 
Virginia 
Monmouth, N. J.  

Southeast Suffolk 
Ocean, N. J.  

New London, Conn.  
Queens, N. Y.  
Kings, N. Y.

May 69 

June 68 
August 68 
May 69 
May 69 
June 70 
July 71 
August 69 
August 69 

July 67 
June 69 
May 70 
August 69 
Oct. 70 
July 71 
March 71 
August 69 
Oct. 70 

May 70 
Nov. 70 

July 67 
June 68 
Nov. 68 
Nov. 68 
Sept. 68 
May 69 
June 69 
April 69 
May 70 
April 70 
May 70 
March 70 
Feb. 70 
Feb. 70 
April 70 
Oct. 69 
Aug. 69 
Nov. 70 
Dec. 70 
July 70 
July 70
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Table 2. Sites where striped bass were tagged or recaptured. (Cont'd).  

TAGGED RECAPTURED 
Richmond, N. Y.  

May 70 Monmouth, N. J.. July 70 

May 69 Virginia Dec. 71 

May 71 Richmrond, N. Y. Sept. 71 

May 71 Monmouth, N. J. June 71 

May 70 Atlantic, N. J. July 71 

June 71 Ocean, N. J. Oct. 71 

July 69 Ocean, N. 3. Nov. 69 

Aug. 70 Monmouth, N. 3. Dec. 70 

Aug. 70 Rings, N. Y. -Aug. 71 

Oct. 69 Hudson (Rockland) Nov. 69 

Oct. 68 Monmouth, N. J. Oct. 69 
Kings, N. Y.  

Oct. 66 Kings, N. Y. July 67 
Sept. 66 Kings, N. Y. July 67 

Nov. 67 Virginia Feb. 68 

May 68 Kings,. N. Y. June 69 
June.69 Kings, N. Y. June 69 

Oct. 67 Kings, N. Y. June 69 

Aug. 68 Richmond, N. Y. June 69 

June 70, Queens, N. Y. July 70 
Queens, N. Y.  

Oct..66 South Nassau June 68 
June 69 Kings, N. Y. Aug. 69 

Oct. 69 Queens, N. Y. April 70 

Sept. 69 Kings, N. Y. May 70 

June 69 South 'Nassau July 69 

June 69 Northeast Suffolk Nov. 69 

Sept. 70 Queens, N. Y. Oct. 70 

Sept. 68 Monmouth, N. J. July 70 

July 69 South Suffolk Aug. 71 

Sept. 70 Queens, N. Y. June 71 

Oct. 69 Essex, Massachusetts July 71 

June 71 Washington, R. I. Oct. 71 

Oct.-69 Essex, Massachusetts July 71 

July 69 South Suffolk Aug. 71 
North Nassau 

April 71 Newport, R. 1. Aug. 71 

April 71 North Nassau April 71 

Aug. 70 Northeast Suffolk Oct. 70 

May 70 Northeast Suffolk Nov. 70 

South Nassau 
May 70 Fairfield, Conn. June 70 

Aug. 69 North Carolina Jan. 70 

June 71 Southeast Suffolk Nov. 71 

May 70 Maryland April 71 

Sept. 71 Delaware Dec.'71 

Sept. 71 South Nassau Sept. 71
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Table 2. Sites where striped bass were tagged or 
recaptured. (Cont'd)

TAGGED
North Suffolk

Oct. 67 
May 68 
Sept. 68 
Aug. 66 
Oct. 67 
Oct. 67 
Aug. 67 
June 68 
June 68 
June 68 
Oct. 67 
June 68 
June 68 
June 68 
May 69 
Sept. 68 
Feb. 71 
Feb. 71 
March 71 
March 71 
May 68 
April 71 
April 71 
April 71 
May 71 
May 71 
May 71 
May 71 
May 70 
May 71 
Aug. 69 
June 69 
Aug. 71 
Aug. 71 
Aug. 71 
Aug. 71 
Oct. 70 
Oct. 70 
Oct. 70 
Nov. 67 
Oct. 68 
Oct. 70.

RECAPTURED

Maryland 
North Suffolk 
North Suffolk 
North Suffolk 
Washington, R. I.  
Northeast'Suffolk 
North Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Southeast Suffolk 
North Suffolk 
North Suffolk 
Delaware 
Fairfield, Conn.  
South Suffolk 
South Suffolk 
Northeast Suffolk 
North Suffolk 
Fairfield, Conn.  
New London, Conn.  
Burlington, N. J.  
Middlesex, Conn.  
North Suffolk 
Northeast Suffolk 
Bristol, Mass.  
Northeast Suffolk 
North Suffolk 
North Suffolk 
South Nassau 
South Nassau 
Maryland 
Virginia 
South Suffolk 
North Suffolk 
Southeast Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Nortnieast Suffolk 
Northeast Suffolk 
South Suffolk 
North Suffolk 
Fairfield, Conn.

Feb. 68 
June 68 

Oct. 68 
Oct. 68 
Sept. 68 
Sept. 68 
July 68 
Oct. 68 
Sept. 68 
July 68 
July 68 
June 69 
Feb. 69 
May 69 
May 70 
May 70 
Nov. 71 
April 71 
June 71 
June 71 
Nov. 71 
May 71 
April 71 
May 71 
July 71 
Nov. 71 
June 71 
June 71 
June 71 
June 71 
Sept. 69 
Dec. 70 
Nov. 71 
Dec. 71 
Nov. 71 
Nov. 71 
Nov. 71 
Nov. 71 
Oct. 71 
Oct. 70 
Oct. 70 
July 71

0
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Table 2. Sites where striped bass were tagged or recaptured.

TAGGED

(Cont'd)

RECAPTURED

Nov. 6 6 
May 68 
July 67 
Sept. 68 
Aug. 68 
Oct. 69 
April 69 
April 69 
May 70 
June 71 
June 71 

S ept. 66 
Sept. 65 
Sept. 67 
Oct. 67 
Oct. 67 
May 68 
Aug. 67 
Oct. 67 
Aug. 68 
July 67 
May 6 7 
I-ay 6 7 
Sept. 68 
May 68 
Sept. 68 
May 69 
Nov. 69 
Oct. 67 
Nov. 6 9 
Sept. 68 
Aug. 68 
may 6 9 
June 69 
May 7 0 
May 70 
June 69 
May 6 9 
May 70 
July 69 
July 70 
July 70

South Suffolk 

Northeast Suffolk 

Southeast Suffolk

Maryland 
South Suffolk 
Kings, N. Y.  
South Suffolk 
South Suffolk 
South Suffolk 
Southeast Suffolk 
New London, Conn.  
Queens, N. Y.  
Washington, R:. 1.  
South Nassau 

Del aware 
Kings, N. Y.  
South Suffolk 
Delaware 
Southeast Suffolk 
Northeast Suffolk 
Burlingtn, N. J.  
Bristol, Mass.  
Virginia.  
Virginia 
South Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Virginia 
Richmond, N. Y.  
Washington, R. I.  
North Nassau.  
Atlantic, N. J.  
South Suffolk 
Del aware 
North Carolina 
Northeast Suffolk 
Northeast Suffolk 
Ocean, N. J.  
Southeast Suffolk 
Northeast Suffolk 
South Suffolk 
Delaware 
Southeast Suffolk 
South Suffolk 
Northeast Suffolk 

Virginia 
North Carolina 
Delaware 
Washington, R. I.  
Virginia

Feb. 67 
June 68 
June 68 
Sept. 68 
July 69 
May 7 0 
Oct. 69 
July 70 
Nov. 7 0 
Oct. 71 
Oct. 71 

March 67 
July 67 
May 68 
March 68 
May 68 
May 68 
April 68 
June 68 
Sept. 68 
March 69 
May 69 
May 69 
June 69 
April 69 
July 69 
July 69 
May 70 
May 70 
May 70 
March 70 
March 70 
May 69 
Sept. 69 
Nov. 70 
Nov. 70 
Nov. 70 
Nov. 71 
Feb. 71 
Sept. 69 
Oct. 70 
Sept. 70 

March 68 
March 68 
April 68 
July 68 
April 69

Sept. 67 
Oct. 67 
Oct. 67 
Oct. 67 
Nov. 68
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Table 2. Sites where striped bass were tagged or recaptured. (Cont'd)

Oct.  
Oc t.  
June 
July 
Oc t.  
Oct.  
Oct.  
Oc t.

RECAPTUREDTAGGED 
Southeast Suffolk 

Bronx, N. Y.  

Manhattan, N. Y.  

Westchester, N. Y.  

Fairfield, Conn.

June 67 
Sept. 68 
Sept. 68 
April 69 
June 70 

Sept. 68 
Sept. 68 

Aug. 65 
April 69 
April 68 
May 70 
May 69 
May 70 
May 70 
May 70 
May 70 
May 71 
April 71 
May 71 
April 69 
April 69 

Oct. 67 
Sept. 68 
Oct. 67 
Sept. 68 
July 68 

Aug. 69 
Aug. 69 
Oct. 69 
Oct. 69 
Oct. 69 
July 68 
May 6 9 
June 69 
June 7 0 
May 7 0 
May 7 0

Maryland.  
North Carolina 
South Nassau 
Southeast Suffolk 
Kings, N. Y.  
Kings, N. Y.  
Maryland 
Southeast Suffolk 

Westchester 
Queens, N. Y.  
North Suffolk 
Queens, N. Y.  
South Suffolk.  

Ocean, N. J.  
Maryland 

Virginia 
Fairfield, Conn.  
Fairfield, Conn.  
Kings, N. Y.  
Monmouth, N. J.  
Richmond, N. Y.  
South Suffolk 
Plymouth, Mass.  
Fairfield, Conn.  
Westchester (Hudson) 
North Nassau 
Fairfield, Conn.  
Fairfield, Conn.  
Kings, N. Y.  

Hudson River 
North Suffolk 
North Suffolk 
North Suffolk 
Richmond, N. Y.  

South Suf folk 
North Nassau 
South Suffolk 
Northeast Suffolk 
South Suffolk 
South Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Northeast Suffolk 
South Suffolk 
South Suffolk

May 6 9 
March 70 
July 70 
Oct. 71 
Nov. 69' 
Nov. 70 
April 71 
June 71 

Aug. 67 
Oct. 68 
May 69 
Aug. 69 
June 71 

April 69 
March 69 

March 67 
June 69 
June 69 
June 70 
July 69 
Nov. 70 
July 70 
Aug. 70 
July 70 
May 71 
May 71 
June 71 
June 69 
May 69 

Feb. 68 
Oct. 68 
May 69 
May 69 
June 69 

May 70 
May 70 
May 70 
June 70 
April 70 
July 69 
Nov. 69 
Oct. 69 
Nov. 70 
Nov. 70 
Nov. 70
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Table 2. Sites where striped bass were tagged or recaptured. (Cont'd) 

TAGGED RECAPTURED
Fairfield, Conn.

May 7 0 
June 70 
June 70 
June 70 
June 70 
June 70 
June 70 
June 70 
June 70 
June 71 
June 71 
May 71 
April 67 
May 7 1 
May 70 
June 70 
Sept. 69 
Sept. 67 
Aug. 69 
July 69 
July 68 
Sept. 69 
Sept. 69 
Sept. 68 
July 70 
Sept. 69 
Sept. 70 
July 70 
Aug. 70 
July 70 
July 70 
July 70 
Aug.- 70 
July 70 
Aug. 70 
Aug. 69 
Aug. 70 
Sept. 70 
July 69 
July 70 
Oct. 69 
Oct. 69 
Oct. 69 
Oct. 69 
Oc t. 69 
Oct. 70 
Oct. 70 
Nov. 69 
July 71

Southeast Suffolk 
North Suffolk 
North Suffolk 
North Suffolk 
Northeast Suf folk 
Kings, N. Y.  
Northeast Suffolk 
North Suffolk 
Southeast Suffolk 
Northeast Suffolk 
North Suffolk 
Northeast Suffolk 
North Suffolk 
North Suffolk 
Kings, N. Y.  
South Nassau 
North Suffolk 
North Suffolk 
North Suffolk 
North Suffolk 
South Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Northeast Suffolk 
Southeast Suffolk 
Southeast Suffolk 
Southeast Suffolk 
Southeast Suffolk 
Southeast Suffolk 
Northeast Suffolk 
Southeast Suffolk 
North Suffolk 
North Suffolk 
North Nassau 
Southeast Suffolk 
Southeast Suffolk 
North Suffolk 
North Suffolk 
Northeast Suffolk 
North Suffolk 
North Suffolk 
North Suffolk 
North Suffolk 
North Suffolk 
Northeast Suffolk 
Southeast Suffolk 
Northeast Suffolk 
North Suffolk 
South Nassau

Nov. 70 
Oct. 70 
Aug. 70 
Oct. 70 
Nov. 70 
Nov. 70 
Oct. 70 
Oct. 70 
Oct. 70 
Sept. 71 
Aug. 71 
Nov. 71 
June 69 
June 71 
June 71 
May 7 1 
Oct. 69 
Oct. 69 
Oct. 69 
Nov. 69 
Nov.. 69 
Nov. 69 
Oct. 69 
Sept. 69 
Nov. 70 
Nov. 70 
Oct. 70 
Nov. 70 
Nov. 70 
Nov. 70 
Nov. 70 
Nov. 70 
Nov. 70 
Sept. 70 
Nov. 70 
Aug. 70 
Nov. .70 
Nov. 70* 
Nov. 70 
Oct. 70 
Oct. 69 
Nov. 69 
Nov. 69 
Nov. 70 
Oc t. 70 
Nov. 71 
July 71 
Aug. 71 
Nov. 71
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Table 2. Sites where striped bass were tagged or recaptured. (Cont'd)

TACCEfl

Aug. 71 
July 71 
Aug. 71 
July 71 
Aug. 71 
June 71 
July 70 
July 70 
Sept. 70 
Aug. 70 
July 70 
July 70 
July 69 
Sept. 69 
July 69 
June 69 
Oct. 71

Kent, R.  
Newport,

I.  
R. I.

Bristol, Mass.  
Barnstable, Mass.  

Massachusetts Bay 
Essex, Massachusetts 

Maine

RECAP TURED
Fairfield, Conn.  

New Haven, Conn.  
New London, Conn.  

Washington, R. I.,

North Suffolk 
South Suffolk 
Northeast Suffolk 
Northeast Suffolk 
North Nassau 
South Nassau 
Northeast Suffolk 
Southeast Suffolk 
Southeast-Suffolk 
Southeast Suffolk 
South Suffolk 
South Suffolk 
Southeast Suffolk 
Northeast Suffolk 
North Suffolk 
North Suffolk 
Northeast Suffolk 

North Suffolk 
Northeast Suffolk 
North Suffolk 

South Suffolk 
Northeast Suffolk 
Southeast Suffolk 

Southeast Suffolk 

South Nassau 
Southeast Suffolk 
Northeast Suffolk 

Sou th Suffolk 
Southeast Suffolk 
Southeast Suffolk 
South Suffolk 
North Nassau 
North Nassau 
Southeast Suffolk 
Southeast Suffolk 

South Suffolk 
Queens, N. Y.  
Southeast Suffolk 
South Suffolk 
South Suffolk 
Northeast Suffolk

June 
June 
June

Aug. 70 
Au g. 70 
Aug. 70 
Aug. 71 
June 71 
July 71 
Aug. 70 
Nov. 71 
May 6 9 

July 68 
June 70 
Oc t. 70 
Aug. 69 
Oct. 69 
May 6 7 
June 69 
Aug. 69 

Ju ly 68 
June 69 
Aug. 70 
Aug. 69 
Sept. 71 
July 69

Nov. 71 
Nov. 71 
Nov. 71 
Nov. 71 
May 71 
Oct. 71 
Oct. 71 
Nov. 71 
July 71 
May 71 
Nov. 70 
Dec. 70 
Nov. 71 
-Nov. 71 
Nov. 70 
Oct. 70 
Nov. 71 

Aug. 68 
Aug. 70 
Oc t. 71.  

Oct. 70 
Nov. 70 
Oc t. 70 

Nov. 71 

June 71 
Nov. 71 
July 70 

June 69 
Nov. 70 
July 71 
Dec. 69 
June 70 
July 67 
Nov. 69 
Nov. 69 

Nov. 68 
Nov. 69 
Nov. 70 
July 70 
Nov. 71 
July 71

TAGGED RECAPTURED
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Table 3. Zones where striped bass were tagged arranged by season.

Winter Spring Summer Fall

Zone 1 2 3 4 5 6 7 8 9 10 11 12 Total 

W A-North Carolina 
-Virginia 

2 -Maryland 
3 -Delaware 
5 -Atlantic, N.J.  

6 -Burlington, N.J. 1 1 

7 -Ocean, N.J. 5 2 1 8 

8 -Monmouth, N.J. 3 1 2 3 9 

9 -Middlesex, N. J. 2 2 

14-Richmond, N. Y. 10 8 1 4 3 6 1 33 
15-Kings, N. Y. 1 2 1 1 2 1 8 

16-Queens, N. Y. 4 2 4. 4 14 

17N-N. Nassau, N. Y. 2 1 1 4 

17S-S. Nassau, N. Y. 2 1 1 2 6 

18N-N. Suffolk, N.Y. 2 2 3 9 7 7 2 9 1 42

18S-S. Suffolk, N. Y.  
18NE-NE Suffolk, N. Y.  
18SE-SE Suffolk, N. Y.  
19-Manhattan, N. Y.  
20-Bronx. N. Y.

21-Westchester, N.  
*22-Rockland, N. Y.  

23-Fairfield, Conn.  
24-New Haven, Conn.  
25-Middlesex, Conn.
26-New London, Co 
27-Washington, R.  
28-Kent, R. I.  
31-Newport, R. I.  
32-Bristol. Mass.

nn.  
I.

2 2 
10

1 2 
5 8

7 16

-4 + - +
3 
1 

1 
" 1

1 * 14 

21 12 12 12 1 81

3 
6* 
1 
2 
1

33-Plymouth, Mass.  
34-N. Barnstable, Mass. 1 1 2 

35-Massachusetts Bay 1 1 
36-Essex, Mass.. 1 1 2 

38-Maine 1 2 2 1 6 

TOTAL 2 2 28 53 49 37 42 37 50 9 309

** - Two were not recaptured.

* - Caught in Long Island Sound off Westchester County.
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Table 4. Zones where striped bass were tagged or recaptured 
arranged by season.

Winter Snrn
Zone 1 2 3 4 5 6 7 8 9 0 11 12 Total 

lA-North Carolina 1 3 4 
1-Virginia 2 3 3 1 1 2 12 
2-Maryland 2 1 3 1 1 8 
3-Delaware 2 5 1 1 9 
5-Atlantic, N. J. 1 1 1 3 
6-Burlington, N. J. 1 1 1 3 
7-Ocean, N.J. 6 2 1 1 3 13 
8-Monmouth, N. J. 5 5 2 3 3 1 19 
9-Middlesex, N. J. 2 2 
14-Richmond, N. Y. 10 11 4 5 3 1 6 2 42 
15-Kings, N. Y. 3 9 4 5 2 2 4 29 
16-Queens, N. Y. 1 5 5 2 4 6 1 24 
17N-N. Nassau, N. Y. 3 4 1 1 1 1 1 12 
17S-S. Nassau, N. Y. 3 5 2 1 3 2 1 17 
18N-N. Suffolk, N.Y. 2 2 5 11 13 2 11 2 23 12 1 84 
18S-S. Suffolk, N. Y. 3 14 6 6 3 2 4 "10 2 50 
18NE-NE Suffolk, N. Y. 15 5 8 5 12 11 22 78 
18SE-SE Suffolk, N. Y. 2 2 4 3 2 15 22 50 
-Manhattan, N.Y. 2 2 

W-Bronx, N.Y. 1 2 2 5 
21-Westchester, N.Y. 1 6 9 " 3* 19 
22-Rockland, N. Y. 1 2 
23-Fairfield, Conn. 8 19 26 12 12. 12 1 90 
24-New Haven, Conn. 1 1 
25-Middlesex, Conn. 1 1 
26-New London, Conn. 4 1 1 6 
27-Washington, R. I. 1 2 5 2 1 11 
28-Kent, R. I. 1 1 
31-Newport, R.I. 1 1 1 3 
32-Bristol, Mass. 1 1 1 3 
33-Plymouth, Mass. 1 1 
34-N. Barnstable, Mass. 1 1 2 
35-Massachusetts Bay 1 1 
36-Essex, Mass. 1 3 1 5 
38-Maine 1 22 1 6 

TOTAL 1 10 15 43 88 86 79 64 50 91 83 8 618

Island Sound off Westchester County.

' 1 1

STwo were caught in Long
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TABLE 5. SCATTERPLOT OF THE NUMBER OF FISH TAGGED AND RECAP'ri :2D IN EACH LOCATION

-Z R Z C C E R .ED 
* IA 1 2 3 4 5 6 7 8 9 10 11 12 13 14.19 21 22 15 16 17S 18S I8SE 18\E 18N 17N 20 23 24 25 26 27 28 29.30 31 32 33 34 35 36 37 38 TOTAL 

1A 

6A 1 1 1 

G 2 
IG3 
,E 4 

16 1 
7 3 8 

8 2 1 2 1 1 1 9 
9 2 

12 
13 
14 4 1 2 12 3 6 , " 2 1 1 3 1 2 2 1 33 
19 1 1 ' 2 

21 1 1 1 1 2 1 1 5 1 14 

2215 1 1 51 1 8 
16 1 2 3 2 2 1 1 2 14 

17S 1 1 1 1 1 6 

18S 1 11 1 4 1 1 11 
18SE 2 2 2 1 2 1 2 1 13 
18NE 1 3 4 1 1 1 5 3 7 1 1 1 31 

18N 1 2 1 1 _ 2 4 2 10 12 3 11 1 1 L 42 

17I 2, 1 4 1 
201 1 1 5 

23 I"1 1 2 3 10 15 19 27 3 81 

2 4 1 1 .  

526 1 2 3 

27 1 1 3 1 6 

28 1 1 
29 
30 

11 2 32 3 1 
3322 03 9 
34 3 2 35 

" 36 2 2 
37 
38 1 1I 3 1 1 6 

! TOTALJ 4128 3 2 5 0 9 5 2 2 11 39 37 4742 8 9 13 5 1 2 1 0
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THE STRIPED BASS FISHERY IN THE ATLANTIC STATES 

Ted S. Y. Koo (1970) 

Commercial landings of striped bass on the Atlantic coast of America 

were reviewed briefly for the period prior to 1930 and analyzed in some 

detail from 1930 to 1966. From the lowest level of barely over I million 

pounds in 1934, annual landings for the entire coast have increased ninefold 

at the present level.  

Catch statistics and fluctuations in landings were analyzed according 

to regions and states. Chesapeake region, comprising Maryland and Virginia, 

.landed two-thirds of the total catch. The fluctuations in Chesapeake 

landings were paralleled by Middle Atlantic and New England regions, but 

with a two-year lag. This was attributed to the fact that the main source 

of striped bass to all three regions was from the same Chesapeake stock.  

North Carolina, which is the sole contributor to South Atlantic region 

in striped landings, had its own distinctive fluctuation pattern.  

Fishing gear used in catching striped bass vary from state to state.  

Handlines are the only gear that land striped bass for commercial market 

in Massachusetts. Floating traps land the major portion in Rhode Island.  

Haul seines are the mainstay in New York, as are otter trawls in New 

Jersey and fixed gillnets in Delaware. Fixed gillnets are also the most 

important gear in Maryland and North Carolina, although drift gillnets, 

pound nets, and haul seines contribute significantly to the fishery. In 

Virginia, pound nets, haul seines, and fixed gillnets each land about 30%° 

of the total poundage.  

Seasonal landing patterns differ from state to state. In Massachusetts, 

the striped bass fishery is primarily a summer fishery; in New York, a fall
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fishery; in New Jersey, a winter fishery. In Maryland and Virginia, the 

peak of landings occurs in March and April, just prior to the striped 

bass spawning season. In North Carolina, good landings are made from 

November to April.  

It has not been possible to calculate catch-per-effort due to lack 

01' nIecessary data, but the catch-per-unit-gear was calculated and 

analyzed for a representative, state in each region. In all cases, 

fluctuations in landings were much more closely related to catch-per

unit-gear than to amount of gear.  

The cyclic nature of high and low years in Maryland landings was 

recognized. Dominant year classes seemed to occur at six-year intervals, 

and possible causes were discussed.
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Commercial and Sport Fisheries of Long Island 
(Schafer, 1972) 

Richard H. Schafer (1972) Aquatic Biologist of the Marine District 

recently reported in The Conservationist (published by the State of.N.Y.; 

Dept. of Environmental Conservation) with regard to the striped bass as 

follows.  

Accounts indicate that striped bass remained relatively abundant 

until the latter part of the last century. By 1888, however, the commercial 

landings of striped bass in New York had declined to 98 thousand pounds, 

although the catch increased to 212 thousand pounds in the very next year.  

In years after 1889 the New York commercial landings of striped bass 

continued to decline steadily until 1933, when the total catch was only 19 

thousand pounds. This decline in catch apparently reflected a real decline 

in the abundance of the species. The decrease in abundance and catch was 

even noted among the records of striped bass sport fishing clubs (such as 

that at Cuttyhunk, Massachusetts) as early as 1885.  

Without discussing the suspected reasons for the decline, suffice 

it to say that beginning with 1934 a reversal in the decline of abundance 

was noted. The magnitude of the reversal is reflected in both the commercial 

and sport fishery landings which have occurred-since that year. By 1944, 

the New York commercial harvest exceeded one-half million pounds; by 1966, 

1 million pounds; and by 1967, 1 million pounds. It is expected that the 

commercial ca,.ch will exceed 1,600,000 poui.ds in 1974.  

Sport fishery statistics gathered by the U.S. Department of Interior 

reveal that there were 180,000 anglers who fished for striped bass in the 

North Atlantic region (New England and New York) in 1960, and 318,000 in
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1965. These anglers harvested nearly 3 million striped bass weighing over 

12 million pounds,.and 13 million weighing 48 million pounds, respectively.  

Again, if one assumes that about half of the striped bass anglers in 

the region reside in New York and that about half of the catch is made in 

New York waters, then the recreational fishery harvest of striped bass 

in New York may currently be 30 times greater than that of the commercial 

fishery.  

The enormous increase in striped bass along the Atlantic coast has 

been attributed to a succession of highly successful but sporadic annual 

spawnings which have occurred since 1934 in Chesapeake Bay, the major spawn

ing ground. It i.s important for both sport and commercial fishermen in 

New York that these dominant year-classes continue to occur if fishing is 

to remain at a high level. Unfortunately, because the size-and survival 

of annual brood production is determined primarily by environmental factors, 

occurrences of dominant year-classes are beyond man's control at the present 

time and are, therefore, largely unpredictable. Some observations made 

recently, however, suggest that "dominant year-classes" occur about once 

every six years.  

It is encouraging that striped bass brood production in Chesapeake Bay 

during 1970 was the largest ever recorded. If survival remains high and 

migration follows normal patterns, then sport and commercial fishermen in 

New York sh ould continue to experience excellent fishing for striped bass 

for at least the next 6 to 8 years. In spite of perennial competition and 

conflict between the commercial and recreational fisheries for the striped 

bass resource, it would appear that there are presently more than enough 

striped bass occurring annuaLly in New York waters to satisfyj the needs 

of' both fisheries. Furthermore, the current rates of harv'est do not
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appear to offer any inmiediate threat to the future abundance-of the 

resource. The patient is healthy and the prognosis for continued good 

health is excellent.
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IMPACT OF ENTRAINMENT AND IMPINGEMENT 

AT INDIAN POINT UNITS #1 AND #2 

UPON FISH POPULATIONS 

by 

Dr. James T. McFadden 

The University of Michigan 

INTRODUCTION 

This document presents my testimony relative to the impact upon 

the Hudson River Fishery of entrainment and impingement of fishes at Indian 

Point Units #1 and #2 during an eight year period, with particular emphasis 

on the striped bass. A statement of my experience in the field of population 

dynamics of fishes and my familiarity with the specifics of Hudson River fish 

population is contained in the attached Appendix II.



Summary 

The life history of striped bass in the Hudson River, basic concepts 

of population dynamics applicable to Hudson River fishes, and specific examples 

from scientific studies of striped bass on the Atlantic and Pacific coasts of 

North America are summarized. It is shown that striped bass populations typically 

fluctuate in abundance over more than a four-fold range and that they have 

substantial compensatory reserve. This compensatory reserve enables striped 

bass populations such as that of the Hudson River to offset, throughn increases 

in natural surivival rates, losses imposed by the activities of man. A large 

number of scientific studies which demonstrate that annual removals of 25 to 

30% are commonly sustained by fish stocks are summarized. Consistent with this 

general observation of exploited fish stocks, striped bass in New York waters 

have persisted or even increased in numbers during periods of increasing 

exploitation by man.  

On the basis of the information summarized above, it is concluded that 

a significant compensatory response which would appreciably reduce postulated 

percentage losses in the striped bass-population of the Hudson River due to 

operation of Indian Point Units #1 and #2 would occur. Should this compensatory 

response be too weak to completely offset losses to the fish population :aused 

by operation of Unit /l and //2 comnencing in spring 1973, the population viould begin 

a gradual decline. Thi; decline would be reflected in population parametf%!rs wh ih 

are currently being monitored before irreversible damage to the population occurred.  

Examples of scientific studies which clearly demonstrate that changes indicative 

of population damage can be detected by the methods employed in the Indian Point



ecological study are cited. The Indian Point ecological study begun by 

Consolidated Edison in 1972 is designed to operate until the summer of 1977, 

* at which point sound conclusions on the actual impact of Indian Point Units 

#1 and #2 upon the ecosystem of the Hudson River Estuary can be drawn. Should 

serious ecological damage from the operation of Indian Point Units #1 and #2 

occur, it would be clearly demonstrable by 1977 when the ecological study is to 

be completed. On the basis of any reasonably postulated loss rate due to opera

tion of Indian Point Unit #1 and #2 commencing in spring 1973, the fish stocks 

of the Hudson River, including the economically important striped bass, would 

not be subjected to irreversible damage by 1981, the date when alternatives to 

once-through cooling could be operational if construction were commenced in 

1977 following completion of the ecological studies now underway.  

Examination of commercial data for New York waters reveals that striped 

bass landings in recent years have been nine times greater than those of the 

early 1930's. This increase would be still greater if the unmeasured sport 

fishing catch were included. Since 1935 striped bass catches have fluctuated 

over a six-fold range while fishing effort has steadily declined. l'or striped 

bass no consistent relationship exists between catch and fishing effort. For 

white perch the catch has declined during recent years in parallel with the 

decline in fishing effort. For this species catch and fishing effort are 

positively related, suggesting that the population is not being exploited any

where near the maximum sustainable level. It appears likely that the harvest 

of white perch could be increased to several times present levels without harm.



Typical productivity estimates for natural waters are reviewed and it 

is shown that postulated losses of striped bass, white perch and all species 

combined due to operation of Indian Point Units #1 and #2 are well within the 

range of removals which estuaries can be expected to sustain.



Components of Fish Populations and Interrelationships 

From the time of spawning and hatching until eventual death, a fish 

passes through a succession of life history stages which vary tremendously 

in terms of physical and biological factors which affect the growth and 

probability of survival for the individual fish. Thus it is important in 

any consideration of the abundance and numerical fluctuations of fish populations 

to consider the various life history stages as separate but interrelated entities.  

For some species all the life history stages occupy the same environment and 

hence can interact with one another, as through predation or competition. For 

other species some life history stages may occupy a fresh water river environ

ment while others are far removed in a high seas environment.  

Striped bass require moving fresh water in which to reproduce. They 

* ascend rivers and broadcast their eggs into the open water. The eggs are 

semi-buoyant and drift gradually downstream, close to the bottom, during the 

early developmental stages. In the Hudson River the eggs hatch in about 1.5 

days, the exact incubation period being temperature dependent. The larval fish, 

at first planktonic and nourished from food contained in the yolk sac, rapidly 

develop feeding and swimming capability. By an age of some 21 days the post

larvae have become essentially independent, free-swimming organisms. As they 

develop further they may be pelagic during certain seasons or select bottom 

habitats during others.  

Spawning takes place from May through June, principally, and the young 

fish take up residence in shoal water areas of the estuary by the end of the 

* first summer of life. They over-winter in the estuary and at the end of their



second summer migrate seaward. While a few fish of almost any age may be found 

in the estuarine waters at any given time, a majority of the fish are found 

seaward after the second summer of life except for their return during the 

spawning season which occurs first between the 3rd and 5th year of life, 

differing from male and female.  

Each life history stage carries-its own set of hazards for the fish.  

Substantial losses of eggs may occur due to failure of fertilization, settling 

to the bottom-out of suspension, exposure to unfavorable temperatures or 

salinities, or predation. The larval fish remain temperature and salinity 

sensitive, vulnerable to predation, and upon absorption of the yolk sac, are 

dependent upon an adequate supply of food for survival. Throughout the remainder 

of the first year of life the young fish are exposed to predation by other 

O estuarine species and to competition among their own and other species for food 

and space on the rearing grounds. They are subject to disease and the debilitating 

effect of parasites which have greater impact when fish are more abundant. Upon 

migration to the sea the young striped bass are subjected to predation by a wide 

variety of marine organisms but have access in that environment to adequate food 

supplies, and are relieved of the space limitation of the estuarine environment.  

But in nearshore marine areas they first become the prey of commercial and sport 

f ishermen.  

Fish populations, including striped bass, are controlled by two general 

classes of factors: (1) Extrinsic factors, such as predators or other species 

which compete for food, living space, etc.; (2) Intrinsic factors, such as 

*ompetition for food among the members Of a year class. Frequently, fish of a



species are so abundant and hence intraspecific competition so intense, that 

further population increase is prevented. Where this is the case an increase 

in mortality due to some extrinsic agent, such as a commercial fishery, natural

predator, or operation of a power plant, will be at least partially offset by 

an increase in survival at some sensitive life history stage, or an increase in 

growth rate, or an increase in reproductive rate.- The fish population has the 

capacity, within limits, to-compensate for an increased rate of mortality., All 

animal populations tend eventually to reach some average upper limit of abundance 

around which their numbers fluctuate. A population may be held in balance near 

its equilibrium through a combination of low mortality rate and low reproductive 

rate, or through a combination of high mortality rate and high reproductive rate.  

Either situation could reflect an ecologically health population, and in the 

* latter case a sizable component of the mortality could be man-induced.  

A population would be considered ecologically harmed when subjected to 

a mortality rate so high that the maximum possible increase in reproductive race.  

could not compensate adequately. The population would then decline to a very low 

level of abundance at which it might again stabilize, or possibly dwindle to 

extinction, or begin to fluctuate violently because some balance within the 

species, or among a complex of interacting species had been disrupted.  

Concepts relating to the regulation of natural animal populations have 

been studied and debated by ecologists for many years. General agreement has 

been reached that populations are limited in their abundance by the effects of 

competition and that these competitive effects are the basis of a negative feed

back system which tends to deflect extremely large populations downward from un

limited expansion and sparce populations upward away from eventual extinction.



These ideas are summarized for fish populations in the classic study "Stock and 

Recruitment" by Dr. W. E. Ricker (Journal Fisheries Research Board of Canada 

@ 11 (5): 560-561, 1954): 

"Basic in any stock - recruitment relationship is the fact that 

a fish population, even when not fished, is limited in size; that 

is, it is held at some more or less fluctuating level by natural 

controls. Ideas concerning the nature of such controls were first 

clarified and systematized by the Australian Entomologist Nicholson 

(1933). He showed that, while the level of abundance attained by 

an animal can be affected by any element of the physical or 

biological environment, the immediate mechanism of control must 

always involve competition, using that word in a broad sense to 

* include any factor of mortality whose effectiveness increases 

with stock density .....  

This almost axiomatic proposition is implied in the writing 

of various earlier authors as far back as Malthus, but Nicholson 

was the first to formulate it explicitly and to emphasise its 

importance: Haldane (1953) calls his inspiration "a blinding 

glimpse of the obvious.....  

There is no necessary relation between the relative magnitudes 

of the causes of mortality existing at a given time, as measured 

by the fraction of the stock which each kills, and their relative 

contribution to compensation."
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Some species populations or sub-groups thereof, could conceivably exist 

for a restricted period of time without the operation of any compensatory 

processes. The population would soon, however, either increase in density 

to a point where compensatory processes would become activated and reduce the 

reproductive rate or increase the mortality rate; or the population might decline 

in abundance until the remaining individuals, relieved of competition, and hav

ing access to choice habitats and unlimited food supplies, would experience an 

increase in survival or reproductive rate which would lead to an increase in 

the population over succeeding generations.  

Compensatory processes may be much more active at one life history stage 

than at others. As a generality it is to be expected that compensation will be 

most effective during the earlier, more sensitive life history stages of a fish 

and that the numerical size of each year class will be determined by the end of 

the first year of life. During subsequent years, variations in environmental 

factors may cause additional changes in a year class' abundance; but usually 

these will not involve a compensatory response by the population. While 

compensatory changes in population may occur at any stage of the life cycle, 

they usually are most effective early in life. No empirical observations on 

operation of compensatory processes during different life history stages for 

striped bass in the Hudson River per se are known by me to exist. Relevant data 

from other striped bass populations and general principles of fish population 

dynamics can be applied directly and legitimately to the Hudson River situation 

however. And the study of fish population dynamics being carried out at Indian 

Point is designed to obtain direct observations for the Hudson River.



The numerical size of successive generations of striped bass within 

a population is determined by (a) random variations in freshwater flows, salinity 

patterns, temperature', predators, etc. and (b) compensatory processes, which 

tend to maintain the population within certain numerical bounds. The latter 

enable populations of striped bass to compensate, within limits, for increased 

mortalities imposed by man through sport or commercial fishing, mortality at 

power plants such as Indian Point, etc. Losses due to mans' activities are 

offset in whole or in part by increased survival rates during some phase of the 

life history, or by increased reproductive rates. If populations are not limited 

in abundance in part by man, they are limited by more severe operation of natural 

phenomena.  

Random variations in population size and compensatory adjustments occur 

simultaneously in striped bass populations. River flow in June and July has beer.  

shown to account for 85% of the variability in year class size in the striped 

bass of the San Francisco Bay estuary (P. Sommani, "A Study on the Population 

Dynamics of Striped Bass (Morone saxatilis Walbaum) in the San Francisco Bay 

Estuary," University of Washington abstract). The abundance of spawners producing 

each year class accounts for an additional 13% of the variability in year class 

size. The largest year classes of progeny are produced by intermediate-!Azed 

parental stocks; very large and very small groups of spawners produce fewer 

progeny. This is an example of a compensatory reproductive process. Year cla s 

strength is largely determined by the time the young reach a length of 1.5 inches.  

In the San Francisco Bay population analysis, Sommani establishes a linear relation

ship between abundance of fry in year t and abundance of three-year-olds in year
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(t + 3) by eliminating one of eight available data points. The inference drawn 

from the resulting linear relationship is that during the life history stages 

from 1.5 inch fry to three-year-old fish compensatory processes are not operative.  

The analysis is speculative and inclusion of the arbitrarily elimated datum would 

have destroyed any statistically significant regression. It is worth noting 

that one additional datum, if it fell at the "right" values, would make a 

significant porabolic relationship from which the correct inference would be 

that during this-three year period of the life cycle compensatory processes did 

operate.  

Year class strength in the same San Francisco Bay population has been 

shown by Turner and Chadwich (Trans. Am. Fish. Soc. 101 (3): 442-452, 1972) to 

vary over a four-fold range.  

In the Maryland commercial fishery, data on catch per unit gear provide 

an index of abundance of striped bass. Four-fold variation in this index has 

occurred (Koo, T. S. Y., 1970, Chesapeake Sci. 11 (2): 73-93), which is indicative 

of even larger variations in year class strength, because the commercial catch in 

any given year is made up of a number of different age groups and hence tends to 

be less variable than the abundance of any individual age group over a run of 

years. Significantly, Koo (page 92) demonstrates: "...that there is an inverse 

relationship between size of parent stock and recruitment is hardly to be 

questioned in the case of Chesapeake Bay striped bass...," and (page 92) 

"...dominate year classes are originated from lower, but not necessarily low, 

parent stocks." This means that over a certain range of population density as 

numbers of striped bass spawners are reduced, the size of the year class of



progeny they produce will remain the same or even increase. Reduction of 

parental stocks below some critical minimum will, of course, result in smaller 

year classes of progeny. This type of compensatory relationship is diagramed 

below. The size of the Chesapeake Bay population in historical times has ranged 

between points m and n, hence the inverse relationship between abundance of parents 

and abundance of progeny observed by Koo. The equilibrium level for the population 

N 

*14 

0 

m n 

Number of Parents 

(the average level of abundAnce around which the population fluctuates) must be 

to the right of point m, the spawning stock which produces maximum progeny year 

class size. Two deductions follow from this: (i) the population has some inherent 

tendency to oscillate in size (Ricker, 1954), which will reinforce variability due 

to environmental factors, such as river flbw; (ii) the population has a compensatory 

reserve.  

These deductions from specific sets of scientific observations are consistent 

with the more general, long-term observations that striped bass fluctuate considerably 

in strength of successive year classes (they are a year class dominate species); that



fluctuations consist of both a random component and a cyclic component with 

about six years between peaks; and that striped bass populations have considerable 

compensatory reserve. Stocks have persisted or even expanded during periods of 

increasing exploitation by man.  

It is because of the ability of fish populations to respond in a compensa

ting fashion to removals of stock that sport and commercial fisheries can operate 

for indefinite periods of time, continually removing fish from a population 

without depleting the stock. Many studies providing estimates of percentage 

of fish populations removed on a sustained basis have been carried out. Statistics 

covering 61 recorded cases of exploitation by sport or commercial fisheries are 

summarized in Appendix I. Removals of fish varied from 5% to 75% in these 

examples with many cases of 25% to 35% removals being sustained over periods of 

* many years without harm to the population. The maximum percentage harvest which 

a fish population can sustain on a continuing basis varies with the species and 

the particular environment in question. As a general proposition fish are extremely 

resilient and can be expected to sustain substantial removals without exhausting 

their compensatory reserve.
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W Hudson River Fishery Statistics 

The research of Ted S.Y, Koo (Chesapeake Science 11 (2); 73-93, 1970) 

indicated that the New York populations of striped bass have been experiencing 

a healthy increase in abundance in recent years. Recent striped bass landings 

on the Atlantic coast axe nine times greater than those of the early 1930's and 

greater still if increases in sport fishing landings are included. During vary

ing portions of the period of time in question, comfmencing in 1951 the 

Danskammer, Lovett, and Indian Point Unit #/1 plants have been operating. The 

effects of the operation of Indian Point Units ! and #2 would, therefore, be 

imposed upon a healthy and apparently expanding fish stock rather than one 

which has declined to a low ebb and which migit be maxirnal] sensitive to 

imposition of further mortality.  

My own examination of Hudson River fishery statistics leads to the 

following conclusions. Connercial fishery statistics for Hudson River water 

of New York are available from 1913 to 1969, but must be interpreted with 

reservations. ?ishing effort data are available only for scne years betw¢een 

1935 a d 1964. Besides problems of incompleteness, the acuracy of such long 

historical sets of data is difficult to determine; successive observations are 

not independent of one another; fishing gear has probablyr increased in efficiency 

over the period covered by the data due to improvements in boats and motors, 

shift to synthetic fibers in construction of nets, etc. without ary concomitant 

change in effort statistics; catches of the various fish species are not tallied 

separately for the different types of gear employed; and historical changes in 

environmental conditions, such as water quality, are hopelessly confounded with 

* possible effects of the fishery. Despite these problems some useful insights 

can be gained from the comnercial fishery statistics.
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Since 1935 (the first year for which effort statistics are-available) 

the general trend has been steadily downward for all fishing effort indices 

(Figure 1) and the decline has been especially marked since 1945, the peak 

year for production of American shad. The shad have always made up the bulk 

of the commercial catch, and the harvest of this species has declined steadily 

since 1945, in rough parallel to the effort statistics. It is not clear from 

these data alone to what extent external conditions, such as economic changes, 

have contributed to a decline in fishing effort, and a resultant decline in 

shad catch. However, the historical trends are explained mainly by a marked 

decline in the shad population due to overfishing, damming of spawning streams 

and pollution, with a consequent decline in fishing effort.  

Catches of striped bass have fluctuated over a six-fold range during 

the post-1935 period of decline in fishing effort, while the catch of white 

perch, which are for the most part caught incidental to fishing for other 

species, has declined in parallel with the effort statistics (Figure 2).  

Taking all data points as equally reliable, no consistent relationship exists 

between fishing effort and catch of striped bass (Figure 3). If the large 

component of "casual fishermen" in the 1935 effort datum is taken into account 

(Figure 1), effectively shifting the point to a lower abscissal value, ir would 

appear that the striped bass population historically has tended to produ..e 

greater yields at higher levels of fishing effort. Some optimum level of effort 

exists at which the maximum sustained harvest of fish (on a long term average) 

will be obtained. Levels of effort higher or lower than this optimum produce 

sub-maximal yields. This historical data, with due reservation on account of their 

poor quality, suggest that fishing effort has not been great enough to reach
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STRIPED BASS CATCH IN RELATION TO FISHING EFFORT IN THE 
NEW YORK STATE COMMERCIAL FISHERY OF THE HUDSON RIVER
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maximum yield, and hence the stock could endure greater mortality without reducing 

O its productivity. The data provide no indication of where the point of maximum 

sustained yield may be, or, equivalently, how much more removal (from fisheries, 

* power plants, etc.) can be imposed without reducing the population's productivity.  

For white perch (Figure 4), a fairly strong positive relationship exists 

between catch and effort, but no basis exists within the data for determining 

the limit to which this can be extrapolated (corresponding to maximum yield).  

It is clear that increases in effort have been accompanied by increases in yield 

up to the maximum of record, some 60,000 pounds. If this catch is drawn from 

50 square miles of river (32,000 acres) it represents a removal of less than two 

pounds per acre. On the basis of well documented determinations of fish yields 

from natural waters, it would be conservative to extrapolate to a capacity for 

sustained annual removals ten times this level or 600,000 pounds annually for the 

* region of the fishery.  

The white perch is an abundant, slow-growing companion species of the 

striped bass. Striped bass are by a large margin the more valuable of the two 

species to the sport and commercial fisheries combined. These two fishes over

lap considerably in food habits and probably compete with one another for food 

and perhaps for other environmental requisites. Should mortality of white perch 

due to the operation of Indian Point Units #1 and #2 be great enough to cause a 

significant decline in their abundance, the more valuable striped bass population 

might benefit from reduced interspecific competition.  

Tht total poundage of fish removed from the Hudson River by the New York 

commercial fishery has averaged 847,731 pounds annually for the 36 years between 

1913 and 1964 for which data are available. Because a number of the most important



FIGURE 4. WHITE PERCH CATCH IN RELATIONTO FISHING EFFORT IN THE 
NEW YORK STATE COMMERCIAL FISHERY OFTHE HUDSON RIVER
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species involved are anadromous, this harvest does not represent fish production 

which has taken place solely in the Hudson River estuary, but includes fish 

produced in other coastal areas and harvested in the Hudson during migration. It 

has been shown that for some of the species included (white perch and striped bass) 

the harvest still appears to be below maximum yield due to low fishing intensity, 

while for the historically important shad, overexploitation by fishermen and 

environmental changes have drastically reduced the productivity of the stock.  

9 

0.  

0



Considerations Based on Overall Estuarine Productivity 

Drawing generalizations for different aquatic environments, gross primary 

S production in estuaries averages about ten times treater than in coastal zones 

and twenty times greater than in the open ocean (Odum, E. T., 1971, Fund;mentals 

of Ecology, W. B. Saunders Company. 574 pp.). Recorded commercial and sport 

landings of fish may be used as minimum estimates of biomass for these organisms 

in estuaries. In the Gulf of Mexico, which includes 4.8 million acres of in-shore 

estuary, 1972 commercial landings of fin fish totaled 282 pounds per acre, not 

including the sport fish catch. A substantial part of this production came from 

off-shore waters rather than the estuary itself, and making some adjustment to 

account for this would reduce the fin fish catch attributable to the estuarine 

productivity proper to about 50 pounds per acre (McHugh, J. L., 1967, in 

Estuaries, Lauff, G. H. (Ed.), publication No. 83 AAAS, 757 pp. Washington, D.C.).  

A similar estimate for Chesapeake Bay and its estuarine tributaries is about 155 

pounds per acre based on 1962 commercial fish landings in Maryland and Virginia, 

and making adjustment for fish from outside Chesapeake Bay included in catch 

statistics but not making allowance for fish landed in the Bay which had 

accumulated some growth in other aquatic environments. Addition of sport fish 

catches would increase these figures substantially. These fish production figures 

for estuaries are much greater than annual averages of 1.5 pounds per acre per year 

for all world marine fishing; 27 pounds per acre per year for the productive north 

sea fishery; and 1 to 7 pounds per acre per year for the Great Lakes (Odum, E. T., 

1971), reflecting the extraordinary productivity of estuaries.



The Atomic Energy Commission has postulated annual removals of fish 

through impingement at Indian Point Units 1 and 2 of from 2 to 5 million.  

While not agreeing with that estimate, the mean value of 3.5 million can be 

used to estimate removals of juveniles through impingement of about 0.58 pounds 

* per acre for striped bass; 7.86 pounds per acre for white perch; and 14.99 

pounds per acre for all species combined, if the extreme assumption that these 

postulated removals come from the four square miles of river innediately 

adjacent to Indian Point is made. When coimpared to the minimum estimates of 

fish biomass in estuaries cited above, these postulated removals are in

significant. When it is further considered that the renovals almost certainly 

come from an area larger than the 4 square riles immediately adjacent to 

Indian Point and hence the poundage removal per acre of estuary is even less 

than the figures cited here, the significance of mortality by impingement is 

reduced still further.  

Poundage of fish removed is a much more relevant measure, ecologically 

speaking, than is an estimate based on numbers of individual fish, because 

the processes of primary and secondary productivity yield a food base for 

fish which can support a given total mass, regardless of the size of 

individuals. An analogy might be drawn. with a farm pasture which provides 

enough food for 100 mice per acre (these being very small.) but which could 

support less than a sirgle cow per acre because of their. rach greater demand 

for food. In either case, the mass of animal flesh supported by the plant 

material from an acre of pasture might theoretically be the same.  

The postulated removals of all species of fish through impingement at 

Indian Point Units 7#1 and r2 are much lower, when expressed in pounds per acre, . than expected standing crop of fish in estuarine waters. The effects of operation 

of Indian Point Plant with once-through cooling, while uncertain with regard to 

kthe total asseblage of fish species, would not be expected to cause irreversible



damage in as short a period as eight years. The postulated removals .through 

impingement are far lower than those regularly sustained by fish populations in 

.estuaries.  

0
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The Need For and Practicability of Further Ecological Studies 

From the foregoing bases it is az'giiedthat white perch, striped bass, 

and other fish species in the Hudson can absorb additional mortality such as 

caused by operation of nuclear power plants with once-through cooling without 

being damaged in an ecolog ical sense. The exact limits to which these species 

can absorb additional mortality are not known; but it is possible to prescribe 

a time period during which Indian Point.Units #1 and #2 can operate while badly 

needed additional data on environmental impacts are collected, without risking,

irreversible damage to the fish populations.  

The response of some fish stocks to increasing rates of mortality is 

to show little apparent change in stability or productivity up to certain point 

beyond which the population decreases markedly in abundance. While the impending 

decrease in abundance may not be foretold by superficial observation, detailed 

scientific measurement of certain population parameters can foretell the approach 

to conditions under which the population will be ecologically damaged.  

The ecological study now underway at Indian Point will develop the follow

ing data from which the ecological impact of Units #1l and #2 can be directly 

assess ed: 

Estimates of Population Density -A major contention is that operation of 

the Indian Point Plant will increase fish mortality to an intolerable level. From 

the abundance of each age group of striped bass and white perch in the vicinity of 

Indian Point the recorded mortality due to impingement can be evaluated as a 

proportion of the fish at large, relative magnitudes of natural and impingement 

death rates can be determined, and the net effect of plant operation in increasing
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0 
total mortality rates can be ascertained. Contentions about the operation of 

compensatory processes can be examined from a base of scientific observations, 

S and the accuracy of the several conflicting models of population processes entered 

in testimony can be judged.  

Growth Rate - Serious depletion of a fish stock is usually accompanied 

by an increase in growth rate as population density declines and competition for 

food and other limiting resources is lessened. Growth rates in the Hudson River 

populations are being measured simply, directly, and accurately in a monitoring 

program which would detect early changes due to population decline and make 

possible a forecast of the consequences of the concomitant numerical and growth 

changes.  

Age at Sexual Maturation - Substantial reductions in abundance of fish 

U stocks are normally accompanied by attainment of sexual maturation at an earlier 

average age. This change is one of the most effective responses to a sustained 

change in other population parameters, such as mortality rates, which can 
take 

place in a fish stock. The proportion of each age group of fish which reaches 

sexual maturity is readily and accurately measured, and the consequences 
Ln terms 

of maintenance of the population can be deduced directly through life 
table analysis.  

Age Composition - The relative abundance of different age groups in a fish 

stock changes as a consequence of shifts in reproductive rate or reproductive 

success or survival. It is a statistic which can be precisely measured and inter

preted through the other population measures listed here. The analysis of age 

frequency data has been extensively developed in fishery science 
and provides 

valuable insights into the current and historical status 
of populations.



Additional ecological measurements directly relevant to assessment of 

ecological impacts are being made in this study. Species composition, food 

habits, movement patterns, and related ecological parameters, in combination 

with the above data, provide a comprehensive monitoring of population response 

to Indian Point Units #1 and #2.  

In my opinion the postulated losses of striped'bass or other. species due 

to impingement and entrainment at the Indian Point Units #f1 and #2 would not 

produce an irreversible impact upon fish populations of the Hudson River ecosystem 

within an eight year period. Estimation of the exact magnitude of the additional 

losses is an extremely complex procedure and a fairly wide range of values has been 

produced by the various parties to this licensing hearing. In my opinion a com

pensatory response which would appreciably reduce postulated percentage losses 

to'the young of the year striped bass would occur, and offset in whole or in part 

any decline in the-population due to operation of Indian Point Units #1 and #2.  

Should the compensatory response of the population be too weak to completely 

offset the additional mortality caused by operation of Indian Point Unit #2 the 

striped bass population would begin a gradual decline which would be detected by 

the monitoring program sufficiently in advance of irreversible damage to allow 

for the installation of alternatives to once-through coolin~g. It is not argued 

here that the entrainment and impingement los ses postulated from operation of this 

plant will definitely not damage the population; but rather that such losses would 

not cause a precipitous and unpredictable decline in the population which would 

* produce irreversible ecological damage,



The multiple age structure of the striped bass spawning stock 
buffers 

the population against violent fluctuations in reproductive potential 
resulting 

from reduced abundance of any single year class. Operation of Indian Point 

Units #1 and #2 would have a first order effect of reducing 
spawning stock size 

directly due to mortality of potential spawners entrained or impinged, and a 

second order effect of reduced future spawning stock size resulting 
from the 

first order reduction in parental generations.  

Striped bass in the Hudson River first spawn at an age of 
three years.  

The average relative contribution to egg production by each 
age group of the 

spawning stock is calculated below from the fecundity data 
of Table 5 in the 

testimony of John Lawler (Testimony of April 5, 1972, TR. 4831) and an assumed 

adult survival of 50% per year.  

Thousands of Percentage Cumulative 

Age Group Eggs/Fish Relative Survival 1 xxM Total Egg Percentage 

(x) (M(ix) Production 

III 345 1.000 345 37 37 

IV 438 .500 219 23 60 

V 615 .250 154 17 77 

VI 752 .125 94 10 87 

VII 820 .063 52 

VIII 909 .037 34 

IX 910 .018 16 13 

X 964 .009 

XI' 1136 .005 

XlI 908 .003 

S- 932

Each year class of fish makes its maximum contribution to reproduction in its 

fourth year of life (Age Group III) and contributes significantly 
to egg production 

during four successive years. By the fourth reproductive year (Age Group VI) a

N
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year class of fish has completed 87% of its lifetime contributions to spawning.  

With Unit #2 beginning operation in spring 1973, the 1973 year class and 

all successive year classes would be reduced in abundance by entrainment and 

impingement. The first spawning stock affected by the first order reduction in 

the 1973 year class would be that of 1976 in which the 1973 year class would be 

expected to contribute 37% of the eggs. The first year class of striped bass 

which could conceivably be significantly reduced in size because of both first 

order and second order effects would be the 1980 year class. The parental stock 

which produces the 1980 year class will include the 1976 and 1977 year classes which 

together would be expected to contribute 60% of the eggs spawned.  

Realistically, both first order and second order reductions in spawning 

potential of the striped bass stock would be moderated by a compensatory response 

V by the population.  

Consolidated Edison has already undertaken population studies and a 

monitoring program which will, in my opinion, provide a continuing and detailed 

assessment of the impact of power plant operations at Indian Point on the f ish 

stocks of the Hudson River and provide warning, with ample lead time for 

corrective action, in case of any impending irreversible damage to the ecosystem.  

The workability of a monitoring program such as the one undertaken here has been 

established in a number of classical fishery studies.. The Pacific sardine was 

studied by G. I. Murphy (Ecology 48 (5): 731-736, 1967). Pacific sardines off 

the California coast were over-fished over a period of years without any compens

at ory growth or survival changes among adults over the observed ranges of sardine 

population density. However, the impendin g decline of the population was clearly



signaled by a reduction in the original multiple age structure of the spawning 

stock towards one in which a single reproductive age-group predominated. For 

*the sardine the removal of the adaptive adjustment of multiple spawning by each 

brood in the face of a variable environment ultimately led to serious decline 

in abundance. Adequate monitoring and early corrective response to over-exploit

ation clearly could have averted this situation.  

A second classical example of population response to increased mortality 

is given in the studies of R. B. Miller (Biometrics 5 (1): 14-26, 1949) on the 

white fish populations of Canadian lakes. With increased harvest of these pop

ulations the growth rate increased and the fish matured at earlier ages. Once 

again, these shifts in population statistics clearly indicated an impact on the 

population which would, if not ameliorated, lead ultimately to severe reduction 

0in abundance of stock. As was the case with the sardine, the changes in measur

able characteristics of the fish population took place sufficiently early in the 

course of increased exploitation, that the eventual depletion of the 'stock could 

have been avoided. Studies currently underway at Indian Point are designed to 

provide reliable estimates of these vital parameters of fish populations of the 

Hudson River.
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The Importance of Combined Ecological Studies and Power Plant Operation 

A compensatory reserve of a fish population cannot be measured while the 

population is in an undisturbed state. The usual scientific course for determining 

the ability of a stock to sustain a removal has been to impose a mortality in excess 

of background natural loss and to simultaneously study the response of the fish 

stock. Accumulation of data over a period of years with varying exploitation rates 

and environmental conditions provides the only basis for assessing the stock's 

capacity to absorb additional loss. Methods for estimating maximum sustainable 

removal rates, given the requisite base data, are well developed.  

An ideal approach to utilization of environmental resources for multiple 

objectives by man is to gradually increase the intensity of the utilization of 

the environment, remaining ready to retrench if the capacity of the environment 

to absorb the use is likely to be exceeded, and to subsequently utilize the base 

line data obtained during early steps of utilization to prescribe the optimum 

which can be sustained on an indefinite basis. The impact of additional environ

mental loading through the operation of Indian Point Unit #2 can be measured and 

used to predict the capacity of fish populations such as striped bass and white 

perch for sustaining removals. If the operation of Indian Point Unit #2 with 

once-through cooling is a threat to these fish populations, this fact can be 

determined sufficiently in advance to avoid irreversible damage. Should serious 

ecological consequences from operation with once-through cooling be forecast by 

the data, alternatives such as cooling towers can be adopted in sufficient time 

to avert permanent damage to fish stocks. Should the ecological studies concurrent 

with early operation of Unit #2 indicate that the ecosystem can withstand the
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additional mortality imposed upon fish populations, 
the operation of Unit #2 

with once-through cooling can be continued as a 
form of environmental utilization 

which is compatible with maintenance of a healthy fishery.
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Summary of Published estimates of Exploitation Rates in Fish Populations.

Exploitation 
Rate(u) Species 

., eomis macrochirus 
(Bluegill

.36 

.35 

15-.20 

.29 

.23

Le pomis microlo hus 
Iedar sunfis h

.11 Pomoxis nigromaculatus TBiack crappie 

.36 Microkterus salmoides 
(-aemouth bass) 

S n n

20-8 

.20

Location Reference 

Sugarloaf Lake, Mich. (Cooper and Latta, 1954 

Spear Lake, Ind. (Ricker, 1955) 

Gordy Lake, Ind. (GerkinT, 1953) 

Muskellunge Lake, Ind.(Rick - , 1945 ) 

Gordy Lake, Ind. (Gerking,1953) 

Muskellunge Lake, Ind.(Ricker, 1945) 

Oliver Lake, Ind. (Gerking, 1950) 

Gordy Lake, Ind. (Gerking, 1953) 

Shoe Lake, Ind. (Ricker, 1945) 

Oliver Lake, Ind. (Gerking, 1950) 

Southerland Res., Calif. (LaFaunce et.l. ,J96: 

Clear Lake, Calif. (Kimsey, 1957)

Microoterus dolomieui 
T(§i-allrn6uth bass)

05-.18

.16 Ambloplites rupestris 
(R-oc-k bass).  

.05 Stizostedion vitreum 

(Wallet ST

20-.40 

i

Gladstone Lake, Minn.  

Waugoshance Point, 
Lake Michigan 

Oneida Lake, N.Y.  

Oliver Lake, Ind.

(Maloney et.al., 1,962) 

(Latta, 1093) 

(Forney, 1961) 

(Gerking, 1950)

Fifl Lake, Mich. (Schneider, 1960) 

Spirit Lake, Iowa (Rose, 1947; 1955) 

Escanaba Lake, Wis. (Patterson, 1953;"c,-it 
et.al. ,1959) 

Many Point Lake; Minn. (Olson, 1957)

lz:"

,@
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Exploitati 

.32

.32-.49 

.23 

.22-.28 

.38

on 
Species 

Esox lucius 
(N-NTtHern pike) 

ti U

It

.40 Coreonus

.21 

.13-.17 

. 20- .26

N

N

Salmo Eairdneri 
• Ra-nbow-tJ

-75 Salvelinus fontinalis 
(Brook t-huE 

.30 Ictalurus punctatus 
-- ni--caf_1sHT 

.25 Ictalurus nebulosus 
TBEH bullhead)

Location 

Murphy Flowage, Wis.  

Wisconsin waters 

Lake George, Minn.  

Grove Lake, Minn.  

Ball Club Lake, Minn.  

Grace Lake, Minn.  

Fletcher Floodwater, 
Mich.  

Georgian Bay, 
Lake Hur~n 

Lake Superior 

N.Y. streams 

N.Y. lakes 

Lawrence Creek, Wis.  

Sacramento Valley, 
Calif.  

Shoe Lake, Ind-

Reference 

(Snow, 1958) 

(Threinen et.al., 19 66) 

(Groebner, 1964) 

_(Groebner, 1964) 

(Petersen, 1955) 

(Wesloh and Olson, 1962 

(Christensen and 
Williams, 1959) 

(Cucin and Regier, 1965 

(Dryer, 1964) 

(Hartman, 1959) 

(Hartman, 1959) 

(McFadden, 1961) 

(McCammon and LaFaunce, 
1961) 

(Ricker, 1945)

19



Appendix I (cont'd.)

Rloit.  
Rate (u) Species Location/year

. Pleuronectes platessa North Sea •49 IPaice)T- 1929-1938

•33 1950-1964

Hi 2_lossoides Dlatessoides Gulf of •31 (Aerican piaice~- - St. Lawrence 
1957-1966

Reference 

Beverton and Holt, 195' 

Gulland, 1968 

Poweles, 1969

Cuoa harengus 
( atI'-herrTng) 

.29 

.10 

.42 

.25; 

Cynoscion nebulosus 
.19 TSpo-3ttd seattrut7

Pseudotolithus tnau 
P. senealiensis

.40

Gadus morhua 
rAtlantic cod)

.11 

.25 

.49 

.42 

.32 

.34

Tilapia esculenta

S. Coast of 
Ireland 
1906-1956 
1951-1955 
1956-1960 
1961-1965 

Pine Island, Fla.  
1961 

Coast of 
Nigeria 
1961-1962 

Gulf of 
St. Lawrence 
1949-1952 
1955-1965 

Lake Victoria, Africa 
1958-1959 
1959-1959 
1959-1960 
1960-1960

Burd and Bracken, 1965 

Iversen and Moffett196

Longhurst, 1964 

Paloheimo, 1968 

Garrod, 1963

* Where p and i are listed the exploitation rate, u, was obtained from u=ap rom equation 1.8, page 25 of Ricker, W.E. 1958. Handbook of coziputations *or biological statistics of fish populations. Bull. 119. Fish. Res B-. $., 

0

I
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40 
Exploit.  
Rate (u) 

. .25

Species 

Alosa sapidissina 
(AmeFi-n shaay

Location/Year (p)* (i)* Reference

Connecticut 
River, Conn. .45 1.31 Walburg, 1960

Aplodinotus Srunniens Upper Mississippi River Impoundments 
TFreshwater drum) 194-1948 .770 107 Butler, 1965 

1.07 1.37 
.42 .70

- Micropterus salmoides Browns Lake, Wisconsin 
.i Largemout O--T -1953 .13 .27 Mraz and Threinen, 1957

Salmo salar 
.66 (X1Htc salmon)

Little Codroy River, New 
1955-1963

Salvelinus fontinalis Sydenham River, Ontario 
.59 EBr-o- T!out- -1966-1967

Salmo trutta 
Trown tro-u)

foundiand 

Murray, 1968 

Marshall, 1970

Sydenham River, Ontario Marsnall, 1970 
1966-1967

Stizostedion vitreum Nipegon Bay, Lake Superior 
TWa y e 1955 Ryder, 1968 

1956 
1957

,14-.70 Esox masluinongy 
(Euskelunge)

Nogies Creek, Ontario 
1952-1960

Muir, 1963

.47 

.58 

.31

0.23

.07 

.13 
.34

O.
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APPENDIX II 

Work on Fish Poulat ion Dynamics by Dr. McFadden and Basis for Knowledge of 
Hudson River.  

In 1954 I began eighteen years of experimental and theoretical work on 

the population dynamics of fishes with emphasis upon factors which determine 

abundance and numerical variations in populations. Early studies dealt with 

brook trout populations w hich were intensively studied under closely controlled 

experimental conditions for a period of approximately ten years. Population 

statistics of extraordinary precision for wild fish populations were obtained 

and provide extremely useful insights into population processes of fish in 

general. The populations studied were subjected to varying rates of removal 

and the consequences of these removals were studied over extensive periods of 

time.  

This field research was then broadened to other species and to the 

question of variations in different environments and their effects on abundance 

in fish populations. Field work was complemented-by a year's theoretical study 

and work with laboratory animal populations at the University of Chicago under.  

the direction of the eminent ecologist, Thomas Park.  

In 1967 an intensive demographic analysis of thirteen years data on 

numerical changes and regulation in a fish population was completed and published.  

Another major review and-theoretical treatment of dynamics and regulation of fish 

populations which spend a portion of their lives in fresh water streams and 

L migrate for the remainder of their life cycle to the oceans was completed in 1969.
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Additional work on fish population dynamics and management of fishery resources 

has included examination of long range trends in sport fishing in North America, 

with development of a rationale for management; comprehensive ecological planning 

'for Great Lakes marine resources; and the impact of hydroelectric power generation 

facilities on fish populations of African rivers.  

From 1961 to 1964 1 was responsible for statistical design and ecological 

interpretation of major fishery studies conducted th the Michigan Department of 

Natural Resources, which then operated one of the largest state fishery research 

programs in the country. The projects dealt with the ecology and management of 

warm-water and cold-water spec ies of fish and aquatic invertebrates in both lakes 

a Ind rivers..  

Since September 1971 I have been associated with the field research on 

Hudson River fish populations. In 1971 I was first retained by Consolidated 

S Edison of New York to examine their research program dealing with Hudson River 

fisheries and to recommend an expanded effort to be contracted in the future.  

At this point I began a study of the published work on striped bass spawning at 

the Cornwall site, the research carried out under contract by the Northeast 

Biologists and Raytheon Corporation for Consolidated Edison, study of environmental 

reports produced by Consolidated Edison and published by various independent 

authors in the Scientific Literature, and existing data on commercial fishing in 

the Hudson River. I designed a detailed set of specifications for expanded study 

of fish populations in the vicinity of Indian Point on the Hudson River and in 

1972 began active advising of Consolidated Edison and their contractor, Texas 

Instruments, on the Indian Point Ecological Study. I continue to be actively . involved with this study in an advisory capacity and am continually involved 

through onsight visits with the progress of that research.
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EXPERIENCE:

(a) Dates: July 1970 - Present 
P.Piion: Dean, School of Natural Resources 
Employer: School of Natural Resources, University of Michigan, Ann Arbor, Michigan 

Description of Work: Executive responsibility for an educational and research 
program supported by some 40 faculty and serving over 

800 students at the undergraduate, masters, and doctoral 

levels. Long range planning for enrollment growth and 
curricular development; stimulation of programmatic re
search; professional development of faculty; liaison 
with central administration of the University. The School 
of Natural Resources is an applied, problem-solving school 
dealing with management of environmental resources; basic 
and applied research; and broad scale planning for optiMal 

utilization of natural resources by society. Its programs 
are highly interdisciplinary -- emphasizing integration of 
natural and social sciences in resource problem solving.

(b) Dates: July 1969 - July 1970 
sition: Professor and Chairman, Department of Wildlife and Fisheries 

Employer: School of Natural Resources, University of Michigan, Ann Arbor, Michigan 

Descriptioxq of Work: Provide administrative direction for department faculr.; 
facilitate curricular innovation and development of s:udent 
and faculty research programs; teach courses in Fishery 

Management and in Dynamics of Exploited Animal Popu

lation; supervise graduate students in thesis research; 

conduct research in fish population ecology.  

.---(c) Dates: April 1969 - July 1970 
Position: Director, Water Resources & Marine Science Program 

Employer: University of Michigan, Ann Arbor, Michigan 

Description of Work: Plan and direct an interdisciplinary program of 
research, teaching, and public service initially 
focused on development of the marine resources of 

the Great Lakes, but expanding to include all inter
disciplinary aspects of water resources and marine 

science. The program integrates inputs from the 

biological and physical sciences, engineering, 
economics, public health, law, social sciences, 

etc., as these relate to optimal utilization of 

environmental resources for the benefit of man.  

(d) Dates: September 1966 - July 1969 
Position: Associate Professor 
Employer: Department of Wildlife & Fisheries, School of Natural Resources, 
. University of Michigan, Ann Arbor, Michigan.  

Description of Work: Teach courses in Fishery Management and in Dynamics 

of Exploited Animal Population;.supervise graduate 

students in thesis research; conduct research in fish 

population ecology.
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(e) Dates: July 1964 - September 1966 
Position: Assistant Professor to July 1966; Associate Professor July 1966 
Employer: Department of Zoology and Institute of Fisheries, University of 

British Columbia, Vancouver, Canada.  
Description of Work: Teach courses in biometrics and population ecology; 

supervise graduate students in thesis research; 
conduct research in fish population ecology.

Dates: March 1964 - July 1964 
Position: Chief, Fish Divison 
Employer: Michigan Conservation Department, Ann Arbor, Michigan.  
Description of Work: Develop comprehensive, long-range program for 

management of the fisheries of Michigan.

(g) Dates: August 1961 - February 1964 
Position: Biometrician 
Employer: Institute for Fisheries Research, Michigan Conservation 

Department, Ann Arbor, Michigan.  
Description of Work: Assist approximately twenty research biologists in 

problems of experimental design, analysis of data, 
ecological and managerial interpretation, etc; 
carry on-personal research in fish population dynamics 
and application of statistical methods to fishery 
problems.

(h) Dates: September 1957 - June 1958 
Position: Graduate Assistant 
Employer: Department of Zoology, The Pennsylvania State University 

University Park, Pa.  
Description of Work: Carry on ecological research on laboratory animal 

populations; pursue studies in statistics and animal eccloy.  

i) Dates: September 1957 - June 1958 
Position: Graduate Assistant 
Employer: Department of Zoology, The Pennsylvania State University 

University Park, Pa.  
Description of Work: Assist students and occasionally lecture in 

laboratory phase of general zoology courses.  

(j) Dates: April 1955 - August 1957 
Position: Fishery Research Project Leader 
Employer: Wisconsin Conservation Department, Madison, Wisconsin.  
Description of Work: Conduct intensive research on ecology and management of 

brook trout in a permanent study stream; supervise 
station personnel; prepare administrative and research 
reports; carry on related public relations and educa
tional work.  

(k) Dates: August 1954 - April 1955 
Position: Fishery Management Biologist 
Employer: Wisconsin Conservation Department, Madison, Wisconsin.  
Description of Work: Biological inventories of lakes and streams; fish popu

lation control with toxicants; disease treatment in fish 
cultural ponds; lake and stream mapping; public relations; 
etc.0
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(1) Dates: June 1953 - June 1954 
Position: Graduate Assistant 
Employer: Department of Botany, The Ohio State University, Columbus, Ohio.  

Description of Work: Prepare laboratory teaching facilities and demonstrate 
on experiments for general botany courses.  

PUBLICATIONS: 

1954 Phytoplankton photosynthesis in Sanctuary Lake, Pymatuning Reservoir.  

Ecology 35(l);l-4. (with D. F. Jackson) 

1956 Answer book for brook trout. Wisconsin Conservation Bull. 21(6):26-28.  

1957 Characteristics of trout angling at Lawrence Creek, Wisconsin, Trans.  

Wisc. Academy Sci., Arts, and Lett. 56:21-29.  

1958 The eastern brook trout: its life history, ecology, and management.  

Publ. 226, Wisc. Cons. Dept., 11 pp. (with J. Brasch and S. Kmiotek).  

1959 Brook trout: Facts and Figures. Forty-five minute, color, sound movie 

based on ecological studies (with P.P.H. DeBruyn and W.T. Kabisch).  

1959 Relationship of size and age to time of annulus formation in brook trout.  

Trans. Am. Fish. Soc., Vol. 88:176-177.  

1961 A population study of the-brook trout, Salvelinus fontinalis. Wildlife 

Monographs. No. 7, 73 pp.  

h 1962 Sex ratio in wild populations of brown trout. Trans. Am. Fish. Soc., 

91:94-95. (with E. L. Cooper and J. K. Anderson).  

1962 An ecological comparison of six populations of brown trout (Salmo trutta).  

Trans. Am. Fish. Soc. 91:53-62. (with E.L. Cooper)., 

1962 Effects of angling regulations on a wild brown trout fishery. Wisc.  

Cons. Dept. Tech. Bull. No. 26, 58 pp. (with R. L. Hunt and 0. M.  

Brynildson).  

1963 Wildlife conservation: fresh-water fish section, p. 605, Encyclopaedia 

Britannica.  

1963 An example of inaccuracies inherent in interpretation of ecological field 

data. American Naturalist 97.  

1964 A Survey of some opinions of Michigan sport fishermen. Trans. Am. Fish.  

Soc. 93:183-193.  

1964 Population dynamics of brown trout in different environmelts. Physiol.  

Zool. 37:355-363. (with E. L. Cooper).  

1964 A management program for Michigan's fisheries. Mich. Cons. Dept. 71 pp.  

(with M. DeBoer, J. Wilkinson, W. Tody and R.Wicklund).  

1965 Some effects of environment on egg production in brown trout, Salmo 

trutta. Lim. & Oc., 10:8895. (with E. L. Cooper and J. K. Anersen).
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1966 Graduate education and resource manpower. Transactions of B.C. Nat.  

Res. Conf., 16:35-38.  

1966 Locomotion, animal. Encyclopaedia Britannica.  

1967 Review of Estuaries, by G. H. Lauff (Ed.), 1967. Science: 157 (3789): 
A7 672-673.

1967 Numerical changes and population regulation in brook trout (Salvelinus 
frontinalis. J. Fish. Res. Bd. Canada 24:1425-1459. (with G.R. Alexander 
and D.S. Shetter).

1967 Moderators comments: Panel on Great Lakes Fishery Potential. Mich.  
Nat. Resources Coun. Ann. Conf. 12:14-15, 19-21.  

1969 Dynamics and Regulation of Salmonid Populations in Streams. In: H.R.  
MacMillan Lectures in Fisheries. Symposium on Salmon and Trout in 

Streams. The University of British Columbia. 313-329.

1969 

1971 

1972 

4

J

Trends in freshwater sport fisheries of North America. Trans. Am. Fish.  
Soc. 98:136-150.  

Ecological and Systematic Planning for the Great Lakes. Journal of Water 
Pollution Control Federation. Vol. 43, No. 12, Dec. 1971. 2402-2413.  

A Systems Study of the Great Lakes. RECYCLE THIS BOOK - Ecology, Society 
and Man. Wadsworth Publishing Co., Inc. 183-195. (with John Armstrong).
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