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ADDENDUM

In Appendix B theresults given for the Striped Bass Young-of-the-
Year Model (Section_4.b) and for the Striped Bass Life-Cycle
Population Model (Section 4.c) are intended as illustrative examples
only. The results used in tie staff's assessment are given in
Chapters V and XI.

The various parameters given in Appendix B correspond to the re-
sults given in Appendix B. The parameters used to obtain the
results in Chapters V and XI are given in the Tables in this Ad-
dendum. Only those Tables in which the parameters are different
are included; parameters in other Tables are the same. An addi-
tional Table is attached which gives the values used to obtain the
results in Chapters V and XI which differ from the corresponding

values in the text and Figures in Appendix B.
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Table B-24. Parameter values employed in the staffs model for population density dependent
compensatory mechanism for survival percentages of life stage populations

Maximum population Effective Critical population Optimum
Life stage density survival density survival

(number per 1,000 ft
3 ) percentage (number per 1,000 ft3 ) percentage

Egg No population density dependent compensatory effect 36.0
Yolk-sac larva 7.08 40 0.354 58.0
Post yolk-sac larva 5.56 64 0.278 74.8
Juvenile 1 1.84 90 0.092 93.0
Juvenile II 1.13 90 0.057 93.0
Juvenile III 0.45 95 0.022 96.5

Table B-26. Approximate data employed in the staffs model
for the mobility characteristics of life stage age group populations

Maximum swimming Sustained Intake Shoaling Crowding
Life stage speed duration avoidance effect effect

(fps) (hour) parameter parameter parameter

Juvenile I 0.50 2.00 0.00 0.4 0.2
Juvenle II 1.00 4.00 0.80 0.4 0.2
Juvenile II1 1.00 6.00 1.00 0.4 0.2

Table B-28. Intake avoidance factor and optimum plant survival percentage

values employed in the staffs model

Life stage Intake avoidance factor Optimum plant survival percentage

Egg 0.00 0.20
Yolk-sac larva 0.00 0.39
Post yolk-sac larva 0.00 0.39
Juvenile I 0.00 0.28
Juvenile I1 0.80 0.00
Juvenile I11 1.00 0.00



Table B-27. Hudson River power plant operating data

Location; Intake Condenser Plant Plant Plant

Unit mile In-service Capacity flow temperature thermal intakt intake discharge
Power plant No. point date (MWe) rate rise discharge velocity geometry geometry

above (cfs) (F') (billion Btu/hr) factor factor
Battery(ps

Albany 140 400 784 11.0 1.917 1.0 1.0 1.0

Danskammer 1 66 1951 64 89 14.5 2.250 2.5 1.0 1.0
2 1954 64 89
3 1959 127 231
4 1967 253 277

Roseton 1 65.4 1974 600 724 15.4 5.000 0.75 1.0 1.0
2 1974 600 724

Cornwall 57 1980-83 2000 4000c 1.0 1.0 1.0
(pumped storage)

Indian Point 1 43 1962 265 709 12.6 15.755 0.7 1.0 1.0
2 1973 873 1938a 14.9 1.0 a

3 1975 1033 19 3 8 b 17.5 L0 b

Lovett 1 42 1949 19 58 18.0 3.184 1.52 1.0 1.0
2 1951 20 58 20.0 1.52
3 1955 68 96 22.0 1.83
4 1966 195 237 20.0 1.64
5 1969 202 272 22.0 2.0

Bowline 1 37.5 1972 600 855.5 15 5.16 0.77 1.0 1.0
2 1974 600 855.5 15 0.77

59th Street 5 221 374 6.0 0.500 1.0 1.0 1.0

aWith closed-cycle cooling, the intake flow rate is 125 cfs and the discharge geometry factor is 0.0.
bWith closed-cycle cooling, the intake flow rate is 135 cfs and the discharge geometry factor is 0.0.

CAverage value.
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Additional changes in parameter values. The values given in this table, which differ from the
corresponding values given in Appendix B, were used in the young-of-the-year model runs sum-
marized in Chapters V and XI.

Reference Section
Description of Parameter Parameter Value in Appendix B

Optimum spawning rate (number of eggs per hour 24 Sect. B.4.b(2)(a)(ii)
per spawner)

Minimum, lower optimum, higher optimum, and 50, 75, 85, 95 (egg) Fig. B-29
maximum temperatures, respectively, for the 10, 20, 900, 999 (all Sect. B.4.b(2)(c)(ii)
nonoptimum temperature correction factor for other life stages)
the growth rate coefficient (*F)

Minimum, lower optimum, higher optimum, and 30, 75, 85, 95 Fig. B-30
maximum temperatures, respectively, for the (same for Juvenile Sect. B.4.b(2)(e)(ii)
nonoptimum temperature correction factor for I, II, III)
the maximum swimming speed ( 0 F)

Minimum, lower optimum, higher optimum, and 0.1, 0.2, 0.4, 1.0 Fig. B-3!
maximum salinities, respectively, for the (same for Juvenile Sect. B.4.b(2)(e)(ii)
nonoptimum salinity correction factor for the I, II, III)
maximum swimming speed (ppt)

Critical and maximum temperatures, respectively, 85, 95 Fig. B-33
for the nonoptimum temperature correction (same for all life
factor for the probability of survival upon stages)
entrainment (*F)

Co
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Appendix A

THERMAL DISCHARGES TO THE HUDSON RIVER

1. STAFF'S MULTIPLANT FAR-FIELD ANALYSIS

The staff applied its own transient one-dimensional model to the
analysis of multiple power plant operation on the Hudson River. 1

The analysis included the effects of the Danskammer, Roseton,
Indian Point, Lovett, and Bowline power plants (Table V-3).

The staff's model considers the river water physical properties,
the river geometry (cross-sectional area), and the coefficient of
heat exchange to the atmosphere as constants along the length of
the river. The differential'equation on which the model is based
is

6T + =~)_ E E(X) T K + Q__ UFIT " &T 1 KT

6t + 6•- X L 6 pCpH pCpAAX'

where

T- excess temperature,

EL = longitudinal dispersion coefficient,

K = surface heat exchange coefficient,

Q = power plant heat discharge,

H = river depth,

X = distance along the river,

A = river cross-sectional area,

t = time,

p = water density,

C =.specific heat of water,

and U(t) is the instantaneous water velocity expressed as

U(t) =U + U sin (r

A-I



A- 2

where

UF = freshwater velocity,

U = maximum tidal velocity, andmax

T = tidal period.
d

The average river cross-sectional area of 168,100 ft 2 was based
on a profile of the river taken from about five miles above the
Danskammer Plant to about eight miles below the Bowline Plant.
The river water velocity is a function of the freshwater flow and
the phase of the tidal period. The analysis is concerned with
calculation of temperature rises above the ambient; therefore, the
exact ambient river temperature selected is not important (tempera-
ture rises calculated by the model are only weakly dependent on
the ambient temperature used). A river temperature at the mouth
6F* lower then the ambient, due to the intrusion of ocean water',
is believed by the staff to be more representative than assuming
the same ambient temperature at all locations. Other input data
for the staff's analysis are given in the footnotes to Table A-1.

As indicated above, a major problem associated with the use of
any convection-diffusion model is correct evaluation of the longi-
tudinal dispersion coefficient. Additional studies and field data
are needed to establish the correct value of this coefficient,
particularly in the vicinity of Indian Point. In the absence of
definitive information and in spite of its reservations,I the
staff elected to use the coefficients advanced by the applicant's
consultant.

2

Another input to the mathematical models to which the results are
very sensitive is the assumed rate of heat transfer from the water
to the atmosphere, since this is the primary mechanism for far-
field heat dissipation. Actual coefficients constantly fluctuate
due to a complicated interaction of a number of local variables.
Lower values are usually found in the colder months when evaporation
is less. The applicant used a range of 90 to 140 Btu/(day.ft 2.Fa)
[3.8 to 5.8 Btu/(hr-ft 2 .F*)]; the physical model studies experi-
mentally determined a value-of about 118 Btu/(day-ft 2 -FO) (ER,
IP-3, Appendix DD, p. 1). In its own transient one-dimensional-
model study, the staff used a value of 130 Btu/(day-ft 2 .F*) which
is typical for the summer and a value of 90 Btu/(day'ft 2 "FO),
which, coupled with a low freshwater flow rate of 4,000 cfs,
represents severe drought conditions in the fall, such as occurred



Table A-I. Calculated temperatures at Indian Point using one-dimensional analysis for combined operation
of Indian Point (Units Nos. 1, 2 and 3), Danskammer, Roseton, Lovett and Bowline power plantsa

Plants in Indian Point Heat discharge River fresh- Heat transfer Tidal temperatures at Indian Point (' F)
Case operation Plant cooling from Indian Point water flow to atmosphere

system (106 Btu/hr)b (cfs) [Btu/day-ft 2 .F-)] Maximum Average Minimum

1-a All five Base design 15,755 4,000 90 86.7 86.3 85.7

1-b All five Base design 15,755 4,000 180c 84.6 84.2 83.7

2-a All five Base design 15,755 11,000 90 85.9 85.2 84.4

2-b All five Base design 15,755 11,000 1 8 0 c 84.3 83.7 83.0

3 All five Alternative A 9,592 4,000 90 84.9 84.6 . 84.2

4 All five Alternative A 9,592 11,000 90 84.4 83.9 83.2

5 All five Alternative B 2,345 4,000 90 82.8 82.6 82.3

6 All five Alternative B 2,345 11,000 90 82.6 82.3 81.9,

7 All except Indian Point 0 4,000 90 82.1 81.9 81.7

8 Indian Point only Base design 15,755 4,000 90 84.4 84.1 83.8

9 All five Base design 15,755 4,000 130 85.5 85.1 84.5

10 All five Base design 15,755 4,000 260c 83.7 83.3 82.9

11 All five Base design 15,755 11,000 260c 83.5 83.0 82.4

12 All except Indian Point 0 4,000 130 81.6 81.5 81.3

13 Indian Point only Base design 15,755 4,000 130 83:7 83.5 83.2

!J

a Based on parameters shown in table and on following input data for all cases:

Duration of tidal period, hr 12.4 Ambient river temperature, oF
Average river depth, ft 26.8 River temperature at mouth, *F
River cross-sectional area, ft2  168,100 Heat discharges from other four
Maximum river velocity (tidal), fps 1.856 plants as listed in Table V-3

bSee Table V-2 for explanation of these heat discharges.

CThis heat transfer coefficient represents a thermal stratification factor of 2.

80
74
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in 1964. A value of these rates, 180 and 260 Btu/(day.ft 2 -FO),
respectively, were also used to show possible effects of thermal
stratification.*

The calculated results of the staff's study are summarized in
Figs. A-1 through A-5. The temperatures shown are for quasi
steady-state conditions and correspond to the tidal cycle conditions
that would give a maximum river temperature at Indian Point. The
highest river temperatures occur at Indian Point; maximum, minimum,
and average temperatures during the tidal cycle at this location
are shown in Table A-1.

The temperature rises in the river due to the thermal discharges
can be obtained by subtracting from the indicated temperature the
80*F ambient river temperature assumed for the study.

The residual temperature effect at Indian Point from the heat
discharges at Danskammer and Roseton indicated in Fig. A-1,
suggests that the applicant's studies should have included these
plants. The study also shows that there is an apparent elevation
of the average river temperature in the vicinity of Indian Point
due to operation of other power plants on the river and that the
river intake temperature at the Indian Point Plant might become
sufficiently high to cause concern whether the maximum of 90°F
surface temperature specified by the State will be exceeded.

When using the results of these calculations, one must recognize
that the estimates are strong functions of input variables; these
variables are largely based on judgment and need verification by
more substantive field data than are now available.

2. HIRST ROUND-JET NEAR-FIELD MODEL

The Hirst model has been previously described (FES, IP-2, p. 111-37).
Most of the cases studied assumed that a 4-ft x 15-ft port could
be simulated by an equivalent circular port 8.7 ft in diameter.
A closer approximation would be to assume that with the two end
ports completely closed, the remaining ten ports would have to be

Thermal stratification would increase the surface temperature above
the cross-sectional average and, therefore, increase the heat loss
from the surface. The one-dimensional model does not accommodate
input of the thermal stratification factor except by adjustment of
the heat transfer coefficient, as discussed'above. Cross-sectional
temperatures are related to the surface temperature by

thermal stratification factor = average surface temperature rise
average cross-sectional temperature rise'
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Fig. A-1. Calculated temperature distributions in the Hudson River with operation of
(a) five power plants, (b) four plants without Indian Point, and (c) Indian Point alone. The
Indian Point Plant is at base design conditions, and freshwater flow in the river is 4,000 cfs
with heat transfer to the atmosphere of 90 Btu/(day-ft 2 -FO). Case numbers refer to Table A-i.
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Fig. A-2. Calculated temperature distribution in the Hudson River with five power plants
in operation and Indian Point at (a) base design conditions, (b) Alternative A conditions, and
(c) Alternative B conditions. Freshwater flow in the river is 4,000 cfs, and the heat transfer
to the atmosphere is 90 Btu/(day.ft 2 -F°). Case numbers refer to Table A-1.
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Fig. A-3. Calculated temperature distribution in the Hudson River with five power plants
in operation and Indian Point at (a) base design conditions, (b) Alternative A conditions, and
(c) Alternative B conditions. Freshwater flow is 11,000 cfs, and the heat transfer to the
atmosphere is 90 Btu/(day'ft 2 "F*). Case numbers refer to Table A-i.
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Table A-1.
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Fig. A-5. Calculated temperature distributions in the Hudson River with operation of
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about' 3/4 open to provide a lO-fps nominal exit throat velocity.
This is equivalent to a port diameter of about 7.5 ft, but the
effect of making this adjustment is small, as indicated in Case 6
of Table V-4.

The various parameters assumed in carrying out the Hirst round-jet
analysis and the results obtained are indicated in Table V-4. If
the port exit velocity is about 10 fps and the receiving water
temperature is 79'F, the near-surface temperature at the center of
the plume is below 90*F for all cases studied; if the exit velocity
is as low as about 4 fps with 79*F receiving water temperature, the
surface temperature may reach 90*F. Fig. A-6 summarizes the vel-
ocities that will produce calculated near-surface temperatures of
about 90*F at other receiving water temperatures. The vertical
profile of the plume for the base case and the time-temperature
relationships are indicated in Fig. V-5.

.During periods when the Hudson River temperature is below about
39*F, a combination of circumstances could possibly cause the
discharged waterplume to rise and then begin to sink. 3 The
judgment of the staff is that suitable conditions for this phenom-
enon would occur very infrequently and would be transitory in
nature.

3. KOH AND FAN SLOT-JET NEAR-FIELD MODEL

The Koh and Fan model4 is for a multiport diffuser discharging
into an infinite, stagnant body of receiving water (FES, IP-2,
p. III-37). It more closely represents the actual conditions at
the discharge ports of the Indian Point Plants than does the Hirst
model discussed above.

A parametric study was made of the effect of the various input
variables, with the results shown in Table V-5. To simulate more
closely the effect of a series of rectangular ports in the dis-
charge structure, each 4-ft x 15-ft opening was assumed to be
equivalent to four ports 3.82 ft in diameter with a centerline
spacing of 5.25 ft, or a total of 40 equivalent-sized ports for
the base case with 100% circulating water flow. At 60% flow
conditions, five ports were assumed to be open (with an equivalent
diameter of 4.25 ft), and the remaining ports were closed (Cases
2 and 3, Table V-5). For the base case conditions, the plume
will travel a horizontal distance of about 106 ft before surfacing
and will have been diluted by a factor of about 2.3; for a 79*F
river intake temperature, the maximum calculated centerline surface
temperature is about 84 0 F. As with the Hirst round-jet model at
a port exit velocity of about 10 fps, the calculated surface
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temperature does not exceed 90'F. In this analysis it was assumed
that the intake temperature is not elevated by recirculation or
effects of other thermal discharges into the river - an assumption
that may not be correct as indicated by the far-field studies
(Section V.C.l and Section 1 of this appendix).

4. INTERMEDIATE-FIELD (PLANE OF DISCHARGE) STUDIES

The applicant used a number of mathematical and physical models
to predict and assess the thermal effects in the plane of discharge
of Indian Point Units Nos. 1, 2, and 3 (ER, IP-3, Section 9). A
summary description of each, together with staff comments, has
been previously given (FES, IP-2, pp. 111-26 to 111-36). As a
result of these studies, the applicant concluded that with a 79*F
river temperature, the extent of the 4F° isotherm in both cross-
sectional and surface-area aspects would meet the New York State
criteria. This assessment was made on the basis of the waste
heat discharged from only the Indian Point units without the
imposed effects of other plants on the Hudson River, and also on
the basis that the most severe condition arises when the freshwater
flow in the river is about 20,800 cfs (a flow rate at which the
saltwater front is downstream of Indian Point and no density-
induced upstream flow is said to exist).

The applicant's mathematical study is based on a simplified one-
dimensional steady-state model. The staff has presented its
reservations about the model (FES, IP-2, pp. 111-34 and 111-35)
and pointed out that a time dependent three-dimensional model is
desirable for accurate representation of the effects of the heat
discharged into the Hudson River estuary. Since no such model
has wide acceptance at the present time, the staff has used the
applicant's model (with some modification) for a parametric study,
as discussed below.

The applicant's one-dimensional model intuitively applied adjusting
factors to. make the calculated results correlate with one set of
Unit No. 1 thermal discharge data. The staff believes that the
supporting data are insufficient to provide confidence in the
adjusting factors (FES, IP-2, p. 111-34) and has assumed them to
equal unity in its own analysis. Recirculation is not-included
in the applicant's model, but the staff has considered it as a
parameter, because the plane of discharge could be subject to
recirculation effects. Further, the applicant's studies involve
selection of input values that are somewhat speculative because of
a lack of substantive field data (FES, IP-2, pp. 111-31 to 111-36).
The staff has, therefore, elected to substitute a range of possible
parameters into the applicant's model, as follows:
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Parameter Range

River freshwater flow 4,000 and 7,000 cfs
Longitudinal dispersion coefficient 4 to 12 sq miles/day
Thermal stratification factor 1.0 to 3.5
Intake recirculation factor

(fraction recirculated) 0 to 0.15
Submerged jet dilution factor 1.75 to 3.5
Surface heat exchange coefficient 90 to 130 Btu/(day'ft 2 "F0)

3.75 to 5.42 Btu/(hr.ft2.FO)

The staff study included a large number of cases. Results selected
from the computer output as being representative or of interest are
shown in Table V-6. The fractions of the total cross sections and
river widths within the 4F* isotherm on a tidal average basis
(Table V-6) do not represent the most severe or critical condition
during a tidal cycle. To simulate tidal maximum conditions, the
staff has used the empirical multiplying factor of 1.35 proposed
by the applicant (ER, IP-3, Appendix EE, pp. 18-19). The staff
does not endorse this method but has used this factor as an expe-
dient to estimate the tidal maximum fractions shown in the last
two columns. and to depart as little as possible from the appli-
cant's method of analysis.

During the ASLB hearings for the Indian Point Unit No. 2 case, the
applicant stated that the staff improperly inserted the near field
phenomenon of recirculation into a far-field model. The staff has
responded to this objection in its written testimony dated
February 22, 1973.' The main point in this response is the recog-
nition that the extent of the 4 F* at the plane of discharge can
not be predicted by a far-field model but needs to include both
the near and far-field effects; and by any realistic point of view,
the extent of the 4 FV isotherm is expected to increase the greater
the percentage of heat recirculation into the intake structure.
This factual statement does not depend on the mathematical model
used' but on the realistic observation that recirculation redistri-
butes the heat in the river so that heat and mass are withdrawn
from one-point (intake) and discharged at another (discharge).
Recirculation is not an important factor in the staff overall
analysis and, as shown in Table V-6, even with zero recirculation
the 4 FV surface excess temperature isotherm exceeds two-thirds
of the river for almost all the cases studied.

*"Additional Discussion of Surface and Cross Sectional Temperature
Distribution at Indian Point Site," M. Siman-Tov, February 22,

1973 (following Tr. 9892 in ASLB hearing proceedings).
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From a mathematical point of view, the applicant's model cannot
consider recirculation effects since it solves the basic differen-
tial equation by a point source solution in which the intake and
discharge are assumed to be at the same point. Because there is
a real distance between the intake and discharge structures, the
point source solution probably predicts an average temperature
that exists at some undefined point somewhere between the intake
and discharge. The temperature at the actual discharge point is
expected to be higher than that given by the point source solution,
and the temperature at the intake point is expected to be lower.
These effects can be seen with no difficulty in a mathematical
model based on numerical increments. In this case, one can set
the discharge at one space increment and the intake at a few space
increments upstream. One can see that the average cross-sectional
temperature at the discharge point is affected by the number of
space increments chosen between the intake and the discharge, and
it decreases to some point source value when both are located at
the same space increment.

Because the staff has chosen to use the applicant's model for, its
parametric study, the staff elected to modify the model so that it
will account for the effects of recirculation. The method used
and a partial justification for it may be found in the reference
cited at the bottom of this page.

With some combinations of parameters the 4F' isotherm would encom-
pass less than one-half the cross-sectional area of the river and
thus meet the New York State criteria; with other combinations it
would not meet the. criteria. More significantly, the surface
width included within the 4F° isotherm on a tidal maximum basis
exceeded the two-thirds allowed in the criteria for all combinations
of reasonable parameters, except in the instance when all the
variables were selected as the most optimistic but unrealistic
values within the ranges studied.** In substantially all the cases
included within the parameters studied, the 4F° surface isotherm
extends the total width of the river.

"Additional Discussion of Surface and Cross Sectional Temperature
Distribution at Indian Point Site," M. Siman-Tov, February 22,
i973 (following Tr. 9892 in ASLB hearing proceedings).

As shown in Case 22 of Table V-6, the thermal stratification
factor equals 1.0, the recirculation factor is zero, the jet-
dilution factor is 1.75, the freshwater flow is 7,000 cfs, the
dispersion coefficient is,12 sq miles/day, and the heat exchange
coefficient is 130 Btu/(day-ft 'F*). The estimated fraction of
the width within the 4F° isotherm is 0.65 - only marginally
within the allowable two-thirds of the width.
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Appendix B

SUPPLEMENTAL INFORMATION RELATING TO BIOLOGICAL MODELS

1. INTRODUCTION

One of the most important biological consequences of power plant
operation with once-through cooling is associated with mortality
of organisms entrained with the cooling water. In this way a
power plant is similar to a large predator. The importance of
such predation is related to the rate at which the organisms are
"consumed,." and for passive and nearly passive organisms, con-
sumption rates are proportional to the rate at which the water
is used.

Populations of organisms susceptible to entrainment and maintained
by local reproduction may be reduced by operation of all three
Units, and a considerable proportion of the biota will be withdrawn
with the addition of Unit No. 3. These organisms will include
bacteria, planktonic algae, many invertebrate species, fish eggs
and larvae. Table B-. lists the fish species in the area whose
eggs or larvae are known to be vulnerable to entrainment. During
their passage through the once-through cooling system, these orga-
nisms will be exposed to mechanical, thermal, and chemical damage.
High mortality may result, especially for fragile species, during
periods of chlorination. Plankton that migrate via transport
flows to maintain their position in the river will be the most
susceptible to entrainment, since they may remain in the area for
several weeks.

Entrainment at the Indian Point Plant is influenced by seasonal
variations of the estuarine hydraulics near the site. Under average
conditions, the freshwater flow of the Hudson River ranges from a
maximum of over 50,000 cfs in the spring to a minimum of 6,500 cfs
during the late summer. The maximum water requirements of Indian
Point Units Nos. 1, 2, and 3 of 4,585 cfs correspond to a range
of less than 15% to about 71% of the available freshwater flow.
During drought conditions, such as those in August 1964 when the
freshwater flow rate dropped to about 3,050 cfs, the water require-
ments will exceed the freshwater flow by about 50%.

This proportionally high usage of Hudson River water: appears to
have a potential for exposing a large part of the planktonic
community to thermal, physical, and chemical damage by entrainment
with the circulating cooling water.

B-1
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Table B-1. List of estuarine fishes with various life stages
that are susceptible to entrainment and impingement and that have

been collected during the sampling program at Indian Point

Entrainment . .
Species t Impingement

Eggs Larvae Post-larval

Striped bass a a a a

White perch a a a

Tomcod b a a a

Bay anchovy b a a a

American eel a b

Smelt a a a

Blueback herring a a ?

Alewife a a b

Atlantic silverside a a b

American shad b b b

almportant fraction of local population may be subject to entrainment or
impingement.

bLife stage present and susceptible to entrainment or impingement.

This Appendix gives, first, a discussion of the distribution of
striped bass eggs, larvae, and juveniles in the Hudson River
followed by a discussion of the local spatial distribution of
striped bass ichthyoplankton ("f" factors). The fourth section
describes the staff's striped bass young-of-the-year and life-cycle
population models and concludes with a discussion of the applicant's
striped bass life-cycle model.

2. DISTRIBUTION OF STRIPED BASS EGGS, LARVAE, AND JUVENILES
IN THE HUDSON RIVER

In this section the staff considers (a) spawning and distribution
of eggs, (b) distribution of larvae and juveniles, and (c) factors
contributing to larval distribution. The discussion is based
primarily on an analysis of data from the 1966-1968 Hudson River
Fisheries Investigations, although earlier studies are cited where
appropriate. The staff has not revised this section to include a
comparable analysis of the 1973 data collected by TI, NYU, and QLM.
However, the staff has made extensive use of these new data in
revising the Indian Point Unit No. 3 DES, for example, in Sections
V.D.2.b(2), V.D.2.d(3)(c), V.D.2.e, and XI.C.3c(4)(b), and in
Appendix B, Sections B.3 and B.4.b. The staff hastens to add that
the important task of evaluating the 1973 data has been made more
difficult and is still in progress, because the staff has not
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received some of the data (e.g., the NYU 1973 *transect and intake
data at Indian Point required to estimate the intake f-factor).

Although the various 1972 and 1973 reports contain data from a
more complete and intensive sampling problem than represented by
the Rathjen and Miller study 6 or the Hudson River Policy Committee
study, 7 the TI, NYU, and QLM studies, as they relate to longitudinal
distribution of eggs,' larvae, and juveniles, provide estimates of
these distributions for 1973 only. They do not replace or negate
the information relating to longitudinal distributions for.1955,
1966, and 1967.

The staff disagrees adamantly with the applicant (see Con Edison
comment-156) that the data generated by Rathjen and Miller 6 in 1955
and by HRFI 7 in 1966-1968 are of very poor scientific quality
compared to data now available from the applicant's ecological
study. (See staff's response to Con Edison's comment 95.)
Specifically, the staff's preliminary analysis of the 1973 data
indicates that previously held notions about striped bass abundance,
spawning areas, movement of young, distribution of larvae and
juveniles, and factors contributing to larval distribution are
essentially correct.

a. Spawning and Distribution of Eggs

Adult striped bass move upstream in late winter to early spring,
and most spawn upstream from Indian Point. The eggs and larvae
drift with the currents in a net downstream direction; large
numbers pass the Indian Point site. Several studies have indicated
that the principal nursery area for juveniles is below Indian Point
in Haverstraw and Tappan Zee Bays, although there are some less
extensive nursery areas upstream (Fig. B-2). Entrainment mortality
of larvae and eggs, as they drift past Indian Point Units Nos. 1,
2, and 3, would result in loss of some of the larvae and eggs that
pass the Plant en route to Haverstraw 'and Tappan Zee Bays.

The importance of entrainment is believed to be associated with
the withdrawal of significant proportions of the water in the
river. For the case of Units Nos. 1 and 2, the staff calculated
the relative water usage by these Plants in co aron with the
volume of various reaches of the Hudson River. The ratio of the
amount of. water circulated through the condensers over various
periods of time to the volume of various reaches of the river
provides a meaningful evaluation of the need for in-depth analysis.
Comparison of these values with the distribution of larvae in the
estuary in three different years (Figs. B-3.to B-5) indicates the
potential magnitude of the entrainment situation. During a period
equal to the length of time the juvenile fish will be susceptible
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to entrainment (6, to 8& weeks), Units Nos. 1, 2, and 3' will use more
water than is; contained within the reach from Mile Point 40 to Mile
Point 51, where larvae are in greatest abundance.

The most comprehensive data for the spawning activity in the Hudson
were collected' during the years 1966 through 19'68.8 These data
were- summarized by week and converted to; total production' by cor-
recting, for the incubation, time' (Table R-21). These estimates
indicate thatý total egg production ranged' from 3.6 x 10,8' eggs' (1967)
to 20.3 x 10A8 eggs (19,68)', although, as the authors' pointed. out,
sampling. difficulties probably caused. the' low, values in 1967.
Apparently the' peak production, o'f eggs occurs at about 60) to '630 F,.
with little or no spawning, at temperatures of 70':F' or more.

The zones within th-e river where spawning activity is most apparent
have' been described in several reports and. are indicated in. Fig..
B-6. Rathj en and Miller 6 found eggs in' th!e region, from, lona Island.
(MP 45') upstream to Cruger Island (MP 90), with heaviest concentra.-
tion's between' Lady Cliff (WP 49)' and Denning Point. (MP 57)' in essen-
tially fresh water.

Data from the. Cornwall repo~rt.7 generally agree' with the Rathj'en,
and Miller data, except that more upstream' spawning, artivity was.
observed. These' authors concluded,

"In 1966,, striped bass; eggs were collected between,
C'oxs'ackie' and Croton' (m.p. 125.0 to 35.5)',` but they
were more abundant between. Hyde' Park and Peekskill
(m'.p'. 82.0 to 45.5);. Water temperature during the'
period of egg collectionsi ranged from 50 *F' in' late
April to' 75*0 F' in late June, although, most, eggs were
collected at temperatures. of 590• to 63 0 F in, late May'
and early June.

In 1967, eggs were collected from Saugerties. to, Peekskill.

(m.p.. 102.5 to 45.5) with the greater concentrations at
Saugerties (m.p. 102-.5) and Hyde' Park (m'.p. 82.0). Over-r',
all they were less abundant than in 1966. The period of
their, greatest abundance occurred again in late May to.
early June at water temperatures of 59V to, 60°'F although
they were collected from early May to mid,-June at tem-
peratures from 50' to 68 0 F.

North of Peekskill, striped bass eggs generally were
more abundant near the bottom in the, deeper part of a
cross section sampled. At that location they were con-*
centrated in the strata 15 to 30 ft off the bottom. Few
eggs were taken at the surface at any location.



B-9

Table B-2. Effect of temperature on spawning of striped bass in the Hudson,

River during the Hudson River Fisheries Investigation (1966-1968)

Incubation Total Weekly
Week Temp time. W eeky weekly egg, % of total'(hr) production spawn

1966

4/24-4/30
5/1-5/7
5/8 -5/14
5/15-5/21
5/22-5/28
5/29-6/4
6/5-6/11.
6/12-6/18
6/19-6/25

1967

5/7.-5/13
5/14-5/20
5/21-5/27
5/28--6/3
6/4-6/10
6/11--6/17
6/18-6/24

1968

4/21-4/27
4/28--5/4
5/5.-5/11
5/12--5/18
5/19-5/25
5/26-6/1
6/2-6/8
6/9-6/15
6/16-6/22
6/23-6/29
6/30-7/6

50.1
50.0
50.3
53.4
58.9
62.6
66.2
69.1
73.7

50.7
52.5
55.4
57.6
64.4
68.5
69.5

53.1
56.0
58.3
60.4
61.5
62.7
65.2
66.6
68.4
70.7
73.2

100
100
,99
88
70
58
45
36
21

x 106

.0.36
12.48
11.71
15.68

274.04
250.37
102.80

16.74
7.15

X 106

0.6
21.0,
19.9
29.9

657.7
725.2
383.8

78.1
57.2

1973.4

0.3
1.1
1.0
1.5

33.3
36.7
19.5
3.6
2.3

98
92
82
77
52
38
35

90
81
73
66
63
58
50
44
39
31
23

9.00
4.15

26.46
66.51
42.03

0.17
0.29

0.29
10.25
24.18
42.41
14.87
11.32

3.07
3.55
0.096

'0.096
0.096

15.43
7.58

54.21
145.11
135.8

0.75
1.39

360.27

4.0
96.0

413.0
796.0
295.0
243.0

74.0
96.0

4.0
4.0
0.6

2025.6

4.3
2.1

15.0
40.2
37.7
0.2
0.4

0.2
4.7

20.4
39.3
14.6
12.0
3.7
4.7
0.2
0.2
0
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Our data on the spatial distribution of striped bass eggs
supported the findings of Rathjen and Miller (1957) that
the spawning of striped bass in the Hudson River was
restricted to fresh or slightly brackish water. With two
exceptions, striped bass eggs were not collected in
salinities greater than 0.3% and most were collected where
salinity measured less than 0.1%..

ýThe upstream limit of striped bass spawning appeared to
be in the vicinity of Coxsackie. Most probably the
mature fish spawned throughout the reach north of the
salinity threshold when the water temperature was suit-
able and the estuary south of Coxsackie was large enough
to accommodate them. Water temperature did not rise at
a uniform rate throughout the estuary in spring.

Our finding that striped bass eggs increased in abun-
dance with increasing depth also was noted in earlier
studies. Most of the eggs collected by Woodhull (1947)
in the San Joaquin River in California were taken within
5 ft of the bottom. Rathjen and Miller (1957) collected
more striped bass eggs in the Hudson River in nets towed
at a depth of 12 to 18 ft than at the surface. . McCoy
(1959) determined that concentrations of eggs in the
Roanoke River increased with depth. The concentrations
of eggs off the bottom at Peekskill suggested that the
increased density of the water there, combined with tur-
bulence, prevented the eggs from sinking closer to the
bottom as at upstream locations.."

These data are consistent with actual observation of spawning, 9 , 1 0

and these collections of recently spawned, developing eggs by
other researches 1 0- 1 4 have shown that striped bass spawn in fresh
water in a moderate to swift current. Mansueti 1 5 'inferred that
suspension of the semibuoyant striped bass egg by water current
is 'necessary for its survival because of the failure of striped
bass to reproduce in freshwater impoundments. His arguments were
further developed by Talbot 1 6 in reference to the importance of
the estuarine environment for striped bass reproduction.

b. Distribution of Larvae and Juveniles

The passive transport of striped bass' eggs and larvae is generally
accepted. Since the adult bass spawn in fresh water, the eggs
and early larvae drift downstream with the net movement of water
in the river. This was the situation which was observed during
the Hudson River Fisheries Investigations (HRFI),7 a project
designed to evaluate the potential effect of the proposed pumped-
storage generating station at Cornwall. A summary of the 1966
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and 1967 egg and larval distribution data from the study is given
in Tables B-3 to B-5. It is apparent that downstream drifts is a
real phenomenon. For example, in 1966 the periods of •peak larval
abundance were not preceded by periods of peak egg abundance at
downstream locations. In addition, collections during 1967 showed
greater concentrations of eggs than larvae at upstream locations,
while larvae became more abundant than eggs in the downstream
direction. This same pattern was also apparent in the Raytheon
Company data17 from 1969 and 1970 sampling between Bear Mountain
Bridge and Croton Point. Thus, all of the more recent data show
findings that confirm the 1955 study by Rathjen and Miller 7

(Table B-6).

The longitudinal distribution of larval bass during 1955, 1966,
and 1967 all show increased concentrations of larval fish in the
low salinity areas near the salt front (Tables B-3 to B-6 and
Figs. B-3 to B-5).

In interpreting longitudinal distributions of striped bass larvae,
it must be realized that because of the protracted spawning period
(and downstream drift) the larval concentrations upstream would
be composed of younger fish on the average. This trend would tend
to underestimate the importance of the downstream concentrations
of larvae because of the higher mortality rates of smaller larvae.
This effect would largely disappear after most of the fish were
beyond the yolk-sac stage. Thus, the postspawning distribution
would be a better indication of larval movement patterns than would
the average distribution over the entire season. For this reason,
the data presented in Table B-7 will be used in later comparisons.
However, note at this point that these data should not be too
rigorously applied from a quantitative standpoint because of the
type of sampling on which they are based (see Sect. V.D.2.e). None-
theless, they do provide strong indications of the relative
distribution.

The relationship between low salinity areas and larval abundance
is particularly obvious in the 1967 data (Fig. B-5). During
sampling in the last week of June, the salinity at the Peekskill
site was depressed and most larvae were downstream; on the follow-
ing week the salt front had moved back upstream and was accompanied
by an influx of larval bass.

During July of 1966 and 1967, the plankton gear catches of small
bass began to decline at similar rates throughout the sampling
area. A similar pattern that occurred in 1968 (Table B-8) coincided
with the period when a sharp increase in growth was observed (Fig.
B-7). This sharp increase in growth rate is generally believed
to be associated with the change in food habits and is probably a
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Table B-3. Weekly abundance (number per 1000 ft 3 ) of striped bass eggs and larvae
in the Hudson River estuary in 1966

Week Coxsackie Saugerties Kingston Hyde Park Marlboro Cornwall Peekskill Croton

Eggs

4/17-4/23
4/24-4/30
5/1-5/7
5/8-5/14
5/15-5/21
5/22-5/28
5/29-6/4
6/5-6/11
6/12-6/18
6/19-6/25

Total
corrected for

volume (X 106)

0.05

0.18
1.94
3.00
0.14

1.10
0.59
0.11

0.17
1.41
1.03
0.10

0.11
1.54
5.06
6.81
0.12

1.80 5.31
7.48 38.15

2.71 13.64
15.46 96.76

1.08 5.50 2.37 13.96

Larvae

0.02 0.53
1.22
1.31

3.81 6.31 10.18 0.46
7.43 6.01 2.96 1.65
0.70 3.83 3.04 1.12
0.20 0.25 0.51

0.02 0.30

12.14 .18.97 16.18 4.57
100.73 182.02 145.65 105.97

i4.53 26.26 21.01 15.29

0.02
0.25 0.01
0.18 0.05 0.11
1.87 0.46 0.80 . 0.14
0.92 4.38 2.36 0.13
0.89 1.81 0.89 0.17
0.04 0.56 0.75 0.12
0.16 0.65 0.38 0.20
0.17 0.39

4.48 8.33 5.29 0.76
37.17 79.93 47.62 17.62

14.33 30.82 18.36 6.79
1.2 2.6 1.7 0.34

5/15-5/21
5/22-5/28
5/29-6/4
6/5-6/11
6/12-6/18
6/19-6/25
6/26-7/2
7/3-7/9
7/10-7/16

Total
corrected for

volume (X 106)

0.17
0.62

0.23 0.40
0.11 0.64

0.07
0.15
0.07

1.31
4.07
1.45
0.86
0.20
0.66
0.14

0
0

0
0

0.34 2.12 8.79
2.44 12.88 61.65

0.94 4.97 23.77
0.05 0.59 2.1%/mile
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Table B-4. Weekly abundance of striped bass larvae
in the Hudson River in 1966 based on total tows, in number per tow

Week Coxsackie Saugerties Kingston Hyde Park Marlboro Cornwall Peekskill Croton

4/17-4/23
4/24-4/30
5/1-5/7
5/8-5/14
5/15-5/21 0.02
5/22-5/28 0.13 0.02
5/29-6/4 0.82 .1.83 0.14 0.11 0.25
6/5-6/11 0.20 0.78 7.11 2.76 2 .1 5 a 2.81 .0.12
6/12-6/18 0.31 0.50 2.00 2.79 8.12 8.29 .0.14
6/19-6/25 0.17 0.73 1.17 1.45 3.25 2.27 0.31
6/26-7/2 0.08 0.25 0 . 1 9 a 0.92 2.24 0.12
7/3-7/9 0.08 0.17 0 .1 4 a 1.10 '1.06 0.64
7/10-7/16 0.06 0.23 0.11 0.54
7/17-7/23 0.63

Total 0 0.68 3.05 12.76 7.71 16.86 17.12 1.33
corrected for 0 4.89 18.53 90.52 63.97 161.77 154.11 30.84

volume (X 106)

% 0 0.09 3.53 17.26 12.19 30.8 29.38 5.88
%/mile 0 0.005 0.35 1.53 1.00 2.61 2.67 0.29

aValue corrected from original table.
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Table B-5. Weekly abundance (number per 1000 ft 3 ) of striped bass eggs and larvae
in the Hudson River estuary in 1967

Week Coxsackie Saugerties Kingston Hyde Park Marlboro CornwallPeekskill Croton(regular)

5/7-5/13
5/7=5/13
5/21-5/27
5/28-6/3
6/4-6/10
6/11-6/17
6/18-6/24

Total
corrected

volume (X 106)

1.02
0.09
2.03
4.45
0.08

0.03 0.15
0.31

0.28 0.11
0.70 1.70
0.35 2.69

1.36 4.96
8.26 35.19

5.56 23.68

Larvae

0.04 0.01
0.07
0.36

0.45 1.06
0.97 1.14
0.02

0.03

1.48 2.67
12.28 25.62

8.26 17.24

0.07
0.66
0.48
0.14

0 7.67
0 55.10

0 37.08

1.35 0.00
12.15 0.00

8.18 0.00

5/2 1-5/27
5/28-6/3
6/4-6/ 10
6/11-6/17
6/18-6/24
6/25-7/1
7/2-7/8
7/9-7/15
7/16-7/22
7/23-7/29

Total
corrected for

volume (X 106)

%//mile

0.26
0.03
0.03
0.10

0.41
0.10

1.01
0.18
0.37
0.16
0.08

0.13
0.09
2.00
0.06
.0.16

0.45
0.58
0.04
0.01

0.06
0.97 0.28
2.49 1.72

a 2.17
0.44

0.26 0.33
0.13 0.48
0.02 0.11

3.94 5.53
32.69 53.06

13.37 21.69
1.09 1.82

0.01
1.18 0.43
1.51 1.08
0.05 0.71
1.63 0.19
0.58 0.59
0.03 0.03

0.07

4.99 3.10
44.92 71.89

18.37 29.3
1.66 1.47

0 0.42 2.31 3.52
0 3.02 14.03 24.97

0 1.23 5.76 10.21
0 0.51 0.9

aNot sampled.
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Table B-6. Distribution of larval striped bass in the Hudson estuary 'during
the spring of 1955 (data from Rathjen and Miller) (number collected at each station)

Cruise
Mile point .1 IV V V1Milepoin II IV VI V + VI Mean

5/31-6/3 6/7-6/10 6/14-6/17 6/20/6/22

21 0 0 .0 0 0 0
29 0 0 0 0 0 0
33 0 2 1 0 1 0.2
35 0 la 0 5 5 1.2
37 0 0 2 16 18 3.1
40 0 61 5a 14 0.9
44 5. 5 a 13 0 2 2 10.8
45 11 25 93 0 93 20.0
49 9a 5 2 1.5a 3.5 5.5
50.5 7 40 14 3 17 5.0
54.5 24 20 5 15 20 14.4
56.5 1 2 15 0 15 6.5
63 5 16 4 0 4 1.9
69 1 21. 8 0 8 5.0
74.5. 3 30 13 0 13 7.7
78.5 2 7 7 3 10 8.2
80 0 1 15 9 24 5.5
83 9 3 1 1 2 2.2
90 0 0 1 . 2 3 .1.0
97 3 0a, 0 1 1 0.7

105 1.5a 0 0 0 0 0
108 0 0 0.5a 0a 0.5 0
111 0 0 1 0 1 0.2

aMissing value extrapolated from adjacent station values.
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Table B-7. Post-spawning distribution (%) of larval striped bass in the Hudson

estuary during the 1966 and 1967 Hudson River Fisheries Investigation

1966 (6/26-7/16) 1967 (7/2-7/22) AverageSegment
a b c Mean a c Mean 66-67

Coxsackie 0 0 0 0 0 0 0 0

Saugerties 0 0 0 0 1.5 1.5 1.5 0'8

Kingston 4.4 2.0 3.9 3.4 6.7 5.9 6.3 5.2

Hyde Park 9.3 5.2 8.1 7.5 12.5 11.8 12.2 9.8

Marlboro 5.9 4.1 6.8 5.6 5.3 5.5 5-4 5.5

Cornwall 29.8 23.0 30.0 27.6 14.3 13.9 14.1 20.9

Peekskill 32.2 44.7 34.4 37.1 33.5 31.8 32.7 34.9

Croton 18.3 20.9 16.8 18.7 25.7 29.7 27.7 23.2

aEstimated from ratio of number of larvae collected to the total volume strained for each segment over entire

interval.
bEstimated from ratio of number of larvae collected to the number of tows for each segment over entire

interval.
cEstimated from mean of weekly average concentrations for each segment over interval.

Table B-8. Weekly abundance of striped bass eggs and larvae
in the Hudson River estuary in 1968.

Mean Mean Number Volume Striped bass eggs Striped bass larvae
Week water salinity of strained Number Number per Number Number per

temperature (OF). (ppt) tows (ft 3 ) collected 1000 ft3  collected 1000 ft 3

4/21-4/27 53.1 <0.1 113 348,372 10 0.03 0

,4/28-5/4 56.0 <0.1 448 1,226,095 791 0.65 82 0.18

5/5-5/11 58.3 <0.1 369 873,853 2,206 2.52 54 0.15

5/12-5/18 60.4 <0.1 481 1,183,148 5,224 4.42 1,219 2.53

5/26-6/1 62.7 <0.1 329 814,043 964 1.18 3,201 9.73

6/2-6/8 65.2 <0.1 490 1,136,685 369 0.32 861 1.76

6/9-6/15 66.6 <0.1 609 1,255,141 459 0.37 6,207. 12.19

6/16-6/22 68.4 <0.1. 524 1,250,388 16 0.01 2,279 4.35

6/23-6/29 70.7 <0.1 415 1,278,049, 13 0.01 729 1.76

6/30-7/6 73.2 <0.1 331 884,125 1 0.01 122 0.37

7/7-7/13 73.7 <0.1 400 1,449,948 0 695 1.74

7/14-7/20 76.8 <0.1 179 489,743 0 193 1.08

Total 5,106 13,368,901 11,926 18.939
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sign that the fish are beginning to become more bottom-oriented.
The length of fish as a function of age will determine the ability
of the fish to swim away and escape the intake velocities to avoid
being entrained (Fig. B-8 and Table 10).

An additional support for this conclusion - the Raytheon Company
data for 1970 - shows that the decreased catches by plankton gear
and surface trawls occurred at the same time that bottom trawling
showed the bass were moving onto the shoals of Haverstraw and
Peekskill Bays (Table B-9).

The affinity of small bass for comparatively shallow water is
obvious from their distribution in both theRaytheon Company data
reproduced in Table B-9 and the 1966 HRFI trawl data (Tables B-10
and B-11). In 1968, shoal surveys were conducted by HRFI investi-
gators by making periodic 10-min trawl samples on shoals between
Mile Points 11 and 125. The catch data were then corrected for
the size of the shoals, and the relative longitudinal distribution
was examined (Table B-12). The overall average of three periods
corresponds'to an estimate of 85% of the young-of-the-year bass
below Indian Point. Similar corrections must be applied for
proper interpretation of annual seine haul abundance estimates;
however, that the lower estuary is the primary nursery area is
reflected even without such corrections (Figs. B-9 to B-11).

c. Factors Contributing to Larval Distribution

The increased abundance in the low salinity zone in the estuary
shows that the striped bass do not drift with the flow of fresh
water once they enter the salt-intruded region. The principal
reason for this relationship is believed to be a result of the
vertical distribution of the larvae and their corresponding
diurnal migration patterns. The interactions of these patterns
with the vertical variations in velocity would tend to retard
the downstream movement of the larvae and concentrate them in
the region below the salt front.

Vertical and lateral variations in distributions were observed
both in the HRFI and Raytheon Company studies. 1 7 However, the
1968 HRFI data were far more extensive and were, therefore,
selected for analysis. The degree of lateral variation in mean
concentration was determined by averaging the day/night concen-
trations with respect to the 15-ft depth intervals that were
sampled. Considerable variation was apparent, but no pattern
of decreased lateral abundance was evident (Table B-13). The
less extensive 1967 data showed similar results (Table B-14).
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Table B-9. Catch of striped bass in bottom trawls in the Lower Hudson estuary in 1969 and 1970,

showing importance of shallow shoals as nursery grounds (number per 7-min trawl haul)

Depth Station a Mile Depth 1969 1970

level point ft)- July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.

Shallow 1 29 10 77 58 98 231

5 36 12 291 126 108 354 88 21

3 35 10 355 61 28 14 4 5

7 38 11 115 217 168 168 31 1

8 39 12 485 64 39 69 61 20

9 40 12 149 119 335 146 29 3

12 44 12 100 144 87 19 83 21 39

Intermediate 2 29 26 4 51 0 21

4 35 34 10 19 1 120 3 3

6 38 30 62 312 4 .122 0 1

12 196 555 308 0

41 14 112 252 39

1 18 9 84 100 56 196

6 19 22 84. 145 145

0 1 0 2 78, 112 112 140

0 0 10 3

0 0 .0 0 0

1 <1 9 0 0 0 0

1 0 0 0 0 0 0

16 0 0 0 0 0

3 0 2 2 0 0 0 0

2 0 <1. <1 0 0 0 0

0 1 1 0 0 0 0

0 0 .0 0 0

tH

Deep 15. 40 45

16 41~ 45

11 42 50

10 42 45

13 45 50

14 47 47

0 7 I 3

1 0 4

i I I I <1 4 22 1

0 4 8 16 1 0 61 4

1 3 3 1 0

0 1 3 1 2 1

'Raytheon Company stations.
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Table B-10. Estimated velocities of water entering plankton
nets during 1966 sampling period of Cornwall study
that indicate susceptibility of larvae to entrainment

at these velocities

Volume Average
Station strained velocity'tows (ft 3 ) (fps)

Coxsackie 85 126,000 0.93

Saugerties 86 153,000 1.11

Kingston 94 151,000 1.01
Hyde Park 76 121,000 1.00

Malboro 141 211,000 0.94

Cornwall 509 884,000 1.09
Peekskill 95 150,000 0.99
Croton 81 129,000 1.00

Velocity ='Volume strained

No. of tows x 900 sec/tow X 7T(0.75 ft) 2

Table B-I 1. Relationship between water depth and /
abundance of young-of-the-year striped bass

at Cornwall in 1966 as determined by
catch per 7-in. trawl haul

Depth (ft) No. of tows No. of fish Fish/tow

15 34. 1941 57.1
20. 29 115 3.97
40 34 85 2.5

65 12 18 1.5
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Table B-12. 'Data on distribution of young-of-the-year striped bass
taken by shoal trawls in July - August 1968

Perioda

Reach Index of July 28-Aug. 3 Aug. 11-Aug. 17 Aug. 25-Aug. 31 Mean of means
shoal area No:. Index,

No. Index No. Index No. Index

Coxsackie 17.3 0 0 0 0 0 . 0 0 0

Saugerties 16.5 0.2 3.3 0 0 0 0 0.1 1.1

Kingston 10.0 1.7 16.7 0 0 0.3 3 0.7 6.6
Hyde Park 2.1

Marlboro 4.8 0.3 1.4 2.4 1 4.8 .0.60 2.9

Cornwall 7.6 22.9 173.4 0 0 104 787.3 42.3 320

194.8 2.4 795.1 330.8

Peekskill 4.8

Haverstraw Bay 24.1 102 2458.2 12 289 29.7 715.8 48 1156.8

Tappan Zee 38.5 9.6 369.6 36 1386 29.7 1074 25.1 962.5

2827.8 1675.2 1789.8 2119.3

Total 3022.6 1677.6 2584.9 2449.9

% above Indian Point 6.4 0.1 30.8 12.4

% below Indian Point 93.6 99.9 69.2 87.6b

aThe period index is the product of the shoal area index and the number of fish caught per trawl haul.
bFrom the published mean of samples, this value is 85.4%.
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Table B-13. Lateral distribution of larval striped bass for a 12- week period at Cornwall in 1968

(average concentration of larvae per 15-ft interval)

Mean concen-
W W W W "C E E E E E tration of Standard
15 30 45 60 75 60 45 30 is 5 larvae (number error

per 1000 ft 3)

4/28-5/4
D 0.06 0.067 0.13 0.034 0.01 0.05 0.035 0.097 0.04 0.0
N 0.315 0.02 0.098 0.264 0.042 0.188 0.085 0.137 0.03 0.0

5/5-5/11
D 0.03 0.027 0.102 0.04 0.03 0.052 0.09 0.0 0.15 0.0
N 0.0 0.0 0.0 0.11 0.608 0.0 0.0 0.08 0.0 0.0

5/12-5/18
D 0.26 0.54 0.79 0.878 1.57 1.48 1.837 1.95 3.535 2.96
N 2.13 1.30 1.008 0.64 1.26 1.235 1.237 1.06

5/19-5/25
.D 1.13 2.653 4.05 3.752 4.11 3.296 2.478 3.33 2.325 1.77
N 2.11 4.133 5.07 3.242 2.054 4.062 1.693 3.01 3.00

5/26-6/1
D 0.945 4.523 4.468 3.172 1.825 3.542 2.43 4.913 1.705 0.81
N 3.445 23.483 7.22 7.818 7.242 2.494 4.213 4.70 3.375 2.81

6/2-6/8
D 0.29 0.75 0.783 0.488 1.112 0.65 1.037 0.71 1.2 1.23
N 0.18 0.577 0.997 0.756 0.812 1.032 0.66 0.923 0.995 1.05

6/9-6/15
D 6.975 6.477 6.175 5.945 5.737 3.674 4.382 4.46 2.65 1.23
N 7.835 24.197 6.61 4.57 2.185 2.336 1.018 4.13 5.725 2.80

6/16-6/2 2
D 2.975 3.56 1.882 .1.592 1.363 0.752 1.417 1.793 1.765 0.95
N 2.28 2.993 0.702 0.526 0.99 1.444 1.83 4.817 3.385 3.58

6/23-6/29
D 0.49 0.763 0.478 0.644 0.322 0.864 0.59 0.653 1.09 0.70
N 0.62 1.118 0.262 0.622 1.12 0.938 1.943 1.13 1.13

6/30-7/6
D 0.04 0.07 0.0. 0.028 0.0 0.04 0.072 0.227 0.155 0.54
N 0.0 0.07 0.115 0.394 0.095 0.0 0.478 0.037 0.0 0.0

7/7-7/13
D 1.48 0.44
N 1.055 0.22

7/14-7/20
D 0.18 0.11 0.435 0.0 0.0 0.5-18 0.048 1.107 0.34 0.0

0.052 0.012
0.118 0.034

0.079 0.015
0.080 0.060

1.58 0.331
1.234 0.149

2.889 0.313
3.153 0.372

2.833 0.478
6.68 1.967

0.825 0.090
0.795 0.086

4.771 0.308
6.141 2.116

1.805 0.638
2.255 0.447

0.659 0.139
0.987 0.157

0.117 0.055
0.119 0.063

0.96 0.520
0.638 0.417

0.274 0.109
0.776 0.365

1.440 0.088

2.131 0.441

N 0.0 0.177 1.056 0.35 0.533 0.485 2.83

1.216 1.785 1.754 1.507 1.462 1.356 1.311 1.749 1.37 0.886

2.021 6.010 2.027 .2.078 1.514 1.180 1.352 1.839 1.745 1.540

ID= day; N = night.
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Table B-14. Abundance of striped bass larvae in the Hudson River estuary

by station sampled per location, 1967

Stalin I Iik- I'pilh
I.01nl f(11

Sautg'ritca 102.5

0
15
30
45
60

Mean

Nurmnbr of larsc p1r 000 )Iit

Kingston" 91.5

Hyde Parka 82.0

Malborob 69.0

Cornwalla 56.5

0
15
30
45

Mean

0
15
30
45
60

Mean

0
Is
30

Mean

0
5

15
30
45
60
75

Mean

0
is
30
45
60
75
90

[10
Mean

Wsst
45

0.00
0.08
0.14
0.04

0.07

West
30

0.00
0.17
0.28

0.15

West.
60

0.04
0.11
0.24
0.18
0.24
0.16

West
30

0.00
1.29
1.18
0.82

West
15

0.90
d

0.86

('enter
60

().00
0.00
0.18
0.05
0.00
0.05

(enter
45

0.15
0.09
0.69
0.45
0.35

('enter
45

0.24
0.32
0.44

0.48

0.37

Center
45

0.00
0.00

0.65
0.90

West West Center
30 45 75
1.25 0.56 0.32
d d' d

1.58 0.84 1.51
0.81 0.71 0.49

0.62 1.05
0.33
0.92

.1.21 0.68 0.77

Center
110

0.15
d
d

0.47
0.45
0.04
1.48
0.74
0.56

Center

45
0.00
0.32
0.11
0.83
0.32

45
0.00
0.00
0.04

(0.27

0.08

East

30
0.00
0.03
0.41
0.15

last
45

0.20
0.77

0.42 0.42
0.36

0.44
East

30
0.13
0.16
0.21
0.19

East East
30 Is

0.36 0.47
d d

0.69 0.56
1.01

West5.

0.48

0.49

last
45

0.72
d

0.57
0.48
0.65

East

0.64

0.57

0.61

Peekskill' 45.5

0.49 0.88

West
60

0.30
2.30
1.39
0.90
1.35

1.25
West
30

0.03
0.03
0.29

0.12 0.12

0.61 0.69 0.52

East
90

0.36
d

0.22
0.24
0.42
1.07
1.00

0.55

last
30

0.13
0.69
1.63

0.82

Crotonb 35.5

0,

30
45

Mean

aDay And night samples combined.
h Day samples only.
'Ott M-ndna (reek.
d Not sampled.
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Vertical variation was similarly treated except that the data
were averaged according to depth for this situation. A signifi-
cant diurnal variation was observed (Table B-15). Thus, the data
used in this analysis showed a vertical variation for each tran-
sect (but one), which was confined to the transect and did ,not
contribute any large degree of lateral movement to deeper water
during the day. As a consequence, the susceptibility of larvae
to an intake in this region of the river would not be altered by
a day-night vertical movement pattern. On the other hand, the
longitudinal transport of the population may well be affected by
this pattern of movement. This additional complication results
from their vertical diurnal movement pattern that tends to keep
them in the lower layer for sufficient time so that net downriver
convective transport in the saline region is reduced. The inter-
action of the vertical migration with water currents would tend to
concentrate the fish in the low salinity portions of the estuary.
Thus, a physical rationale exists for the observed distribution,
which can-be used to predict the movement patterns and the distri-
bution of larval fish.-

3. LOCAL SPATIAL DISTRIBUTION OF STRIPED BASS ICHTHYOPLANKTON

As discussed in Section V.D.2.b(2)(e), sampling programs were
designed and executed in 1973 by Quirk, Lawler, and Matusky at
the Bowline, Lovett, Danskammer, and Roseton Plants to estimate,
for striped bass yolk-sac larvae, post yolk-sac larvae, and non-
screenable juveniles, the ratio of concentration of organisms in
the intake to the average concentration of organisms in a cross
section of the river in front of the plant (= transect). In
response to the staff's request, the raw data and final estimates
of a composite "f" factor (= f • fi) for each life stage at each
plant were provided (Table B-19).

The staff has done its own analysis of the Quirk, Lawler, and
Matusky data. Part of this analysis is given in Section V.D.2.b
(2)(e), where the staff has summarized, by sampling date and life
stage for each of the three transects (the same transect was used
for Danskammer and Roseton), the number of transect samples, the
number of these samples containing one or more striped bass, and
the number of these samples containing 10 or more striped bass;
this part of the analysis is not repeated here. On the basis of
this analysis, however, the staff selected for each transect and
each life stage the two sampling dates having the greatest number
of samples containing striped bass; this section of Appendix B
deals with the analysis of these data.



B-30

Table B-15. Mean concentration of larvae at Cornwall in 1968 averaged over
depth across all sample locations, expressed as number per 1000 ft 3

Week Depth Day Night

(ft) Total Av Total Av %

4128-5/4

5/5-5/11

0
15
30
45
60
75

0
15
30
45
60
75

5/12-5/18 0
15
30
45
60
75

5/19-5/25

5/26-6/1

6/2-6/9

6/9-6/15

0
15
30
45
60
75

0
15
30
45
60
75

0
15
30
45
60
75

0
15
30
.45
60
75

0.07 0.007 2.258 0.83 0.083 13.584
0.31 0.034 10.968 1.00 0.111 18.167
0.81 0.116 37.419 0.42 0.06 9.820
0.45 0.09 29.032 0.52 0.104 17.021
0.19 0.063 20.323 0.76 0.253 41.408
.0.0 0.0 0.0 0.0 0.0 0.0

0.310 0.611
0.0 0.0 • 0.0 0.14 0.014 0.393
0.41 0.045 13.120 0.12 0.013 0.365
0.45 0.064 18.659 0.40 0.057 1.601
0.58 0.097 28.280 0.12 0.024 0.674
0.41 0.137 39.942 0.31 0.103 2.892
0.0 0.0 0.0 3.35 3.35 94.075

0.343 3.561
4.47 0.447 3.752 13.09 0.131 2.569
9.19 1.021 8.570 5.47 0.781, 15.475

11.40 1.629 13.673 7.51 1.073 21.260
14.02 2.804 23.535 5.91 1.182 23.420
6.97 2.323 19.498 4.49 1.50 29.721
3.69 3.69 30.972 0.38 '0.38 '7.529

11.914 5.047
3.81 0.381 1.092 39.24 3.924 16.947

10.66 1.184 3.395 19.72 2.191 9.463
27.73 3.961 11.356 8.09 1.348 5.822
33.28 6.56 18.808 20.57 4.114 17.768
21.55 7.183 20.594 16.10 5.367 23.180
15.61 15.61 44.755 6.21 6.21 26.820

34.879 23.154
3.97 0.397 1.685 50.04 5.004 10.671

13.32 1.48 6.283 54.53 6.059 12.920
37.60 5.371 22.800 68.04 9.72 20.727
24.68 4.936 20.953 37.81 7.562 16.125
23.38 7.793 33.081 19.14 6.38 13.605

3.58 3.58 15.197 12.17 12.17 25.952

23.557 46.895
1.79 0.179 2.541 7.10 0.710 13.485
4.90 0.544 7.722 7.27 0.808 15.347
5.96 0.851 12.079 4.73 0.676 12.839
9.19 1.838 26.089 7.04 1.408 26.743
4.18 1.393 19.773 2.35 0.783 14.872
2.24 2.24 31.796 0.88 0.88 16.714

7.045 5.265
17.10 0.171 0.496 32.24 3.224 9.208
40.81 4.534 13.148 47.28 5.253 15.003
57.89 8.27 23.982, 69.49 9.927 28.352
33.33 6.666 19.331 27.6 5.52 15.765
21.16 7.053 20.453 14.91 4.97 14.194
7.79 7.79 22.590 6.12 6.12 17.479

34.484 35.014
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Table B-15 (continued)

Week Depth Day Night
(ft) Total Av % Total Av %

6/16-6/22 0 6.10 0.610 5.763 26.87 2.687 29.737
15 16.88 1.875 17.725 16.30 1.811 20.042
30 20.95 2.993 28.279 10.23 1.461 16.169
45 9.79 1.958 18.500 7.37 1.474 16.313
60 4.19 1.397 13.199 2.83 0.943 10.436
75 1.75 1.75 16.534 0.66 0.66 7.304

10.584 9.036
6/23-6/29 0 3.21 0.321 9.838 16.86 1.686 43.387

15 9.54 1.06 32.485 5.14 0.643 16.547
30 3.76 0.537 16.457 4.19 0.599 15.414
45 3.71 0.742 22.740 2.89 0.578 15.106
60 1.54 0.513 15.722 1.14 0.38 9.779
75 0.09 0.09 2.758 0.0 0.0 0.0

3.263 3.886
6/30-7/6 0 0.62 0.062 20.130 1.92 0.192 18.234

15 0.82 0.091 29.545 0.33 0.037 3.514
30 0.83 0.119 38.636 0.49 0.07 6.648
45 0.18 0.036 11.688 0.52 0.104 9.877
60 0.0 0.0 0.0 1.97 0.65 61.728
75 0.0 0.0 0.0 0.0 0.0 0.0

0.308 1.053
7/14-7/20 0 0.40 .0.04 2.591 4.14 0.591 24.093

15 1.95 0.217 14.054 7.40 0.925 37.709
30 3.51 0M501 32.448 1.32 0.264 10.762
45 1.02 0.204 13.212 1.21 0.303 12.352
60 2.33 0.582 37.694 0.0 0.0 0.0
75 0.0 0.0 0.0 0.37 0.37 15.084

1.544 2.453
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Table B-16. Summary of Quirk, Lawler, and Matusky's estimates of composition
f factors (1973) with fc 1.0

stagea Yolk-sac Post yolk-sac Juvenile

Plant Egg larval stage larval stage stage

Bowline 0.2 0.1 0.1 0.6

Lovett 0.2 0.2 0.1 0.2

Roseton 0.2 0.1 0.5 0.3

Danskammer 0.2 0.2 0.5 0.3

a Based on river average observation of striped bass egg behavior surveyed by Texas Instruments in

1973. Since the duration time of the egg stage is approximately 1 to 3 days, the exposure of eggs to
entrainment is much smaller than the exposure during the larval stage. Consequently, the f factors for
the egg stage are not critical.

Source: Letter from E. R. Fidell (Le Boeuf, Lamb, Leiby, and MacRae) to J. F. Scinto (USAEC),
dated August 27, 1974.

The analysis is divided into the following sections: (1) correla-
tions between number of organisms in a sample and volume of water
sampled; (2) estimates of the intake f-factor (fl), using four
techniques based on two methods of estimating 24-hr average intake
and transect concentrations; (3) estimates of a standard deviation
for fl; (4) a comparison of intake and discharge concentrations;
and (5) a separate analysis comparing Bowline Pond and Bowline

transect data.

a. Correlation Coefficients

The (product-moment) correlation coefficient was calculated between
number of yolk-sac larvae in a sample and volume of. the sample
and between number of post yolk-sac larvae and volume of the sample
for each of the sampling dates at each of the plants; the results
of this analysis are summarized in Table B-17. Juveniles have not
been included in this part of the staff's analysis because of the.
relatively few samples containing juveniles. The analysis indicates
the absence of a statistically significant (at the 5% level) cor-
relation in 9 out of 10 cases. This result is most easily explained
by the existence of patchiness (clumping) in the spatial distribu-
tion of organisms and/or by vertical migration. One apparent
example of such patchiness is the 12 intake samples at Bowline on
June 13-14. There were eleven 2-hr samples containing no yolk-sac
larvae and a total of four post yolk-sac larvae and one 2-min sample
containing two' yolk-sac larvae and three post yolk-sac larvae.



Table B-17. Summary of the (product moment) correlation coefficients
between the number of yolk-sac larvae and volume of the sample

and between the number of post yolk-sac larvae and volume
of the sample for each sampling date at each of the plants

Yolk-sac larvae Post yolk-sac larvae
Planta Date Nb r Nb r

Bowline 6/13-14 84 -0.15 84 -0.14
6/27-28 75 0.08 75 0.12

Lovett 6/5-6 94 0.10
6/19-20 74 0.10 - 74. 0.14
7/3-4 84 0.11

Danskammer-Rosetonc .6/7-8 41 0.18
6/19-20 54 0.31d

7/2-3 67 -0A0

a For this analysis, the intake and transect samples at each plant were combined. Discharge samples

were deleted; pond and plume samples at Bowline were deleted; and mid-depth samples were not given
double weight.

bTotal number of samples.

COn June 7-8 and June 19-20 the Danskammer-Roseton transect data were combined with

the Danskammer intake data. On July 2-3 the transect data were combined with the Roseton intake
data. There was no second sampling date at the Roseton intake for which enough striped bass were
identified to merit analysis; samples were not collected on June 19-20 and only one of five samples
on June 7-8 was analyzed by species.

dStatistically significant at the 0.05 probability level.

b. Estimates of the Intake f-Factor (fi)

The staff has estimated f, using four techniques based on two
methods of estimating the 24-hr average intake and transect con-
centrations. The fl values, as well as the information necessary
to calculate these f, values, are given in Table B-19. Definitions
of the acronyms used in this table and in Table B-21 are given
in Table B-18. The values in Table B-19 were calculated from the
raw data supplied to the staff by the applicant. 1 8 The staff
repeats that this analysis includes data for only the two "best"
sampling dates for each life stage and each plant. In some cases
(e.g., for juveniles), there were not two sampling dates having
enough samples with striped bass to merit analysis by the staff.
Discharge samples have not been included in this part of the staff's
analysis.

The two methods of estimating the 24-hr average concentrations at
either the intake or in the transect are:
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Table B-18. Glossary of acronyms used in Tables B-19 and B-21

Definition

Variable Code number Plant

Bowline Lovett Danskammer-Roseton

Part A. Classification variables

Date 1 6/13-14 6/5-6 6/7-8 (Danskammer)

2 6/27-28 6/19-20 6/19-20 (Danskammer)

3 7/3-4 7/2-3 (Roseton)

Plant Code number Plant

1 Bowline
2 Lovett
3 Danskammer-Roseton

Stage Code number Stage

1 Yolk-sac larvae

2 Post yolk-sac larvae
3 Juveniles

OBS Row number in Tables B-19 and B-21. Each row gives the variables at one plant on one
date for one life stage.

Part B. Calculated variables. The acronyms indicate whether the variable relates to an
intake (I) or transect (T) sample and to a night (N) or day (D) sample.

Variable Definition

Technique I
FI1 Ratio of the 24-hr average intake concentration to the 24-hr average transect concentration

using Method 1 to calculate both concentrations.

Technique 2

F12 Ratio of the 24-hr average intake concentration to the 24-hr average transect concentration
using Method 2 to calculate both concentrations.

Technique 3

F13 Ratio of the 24-hr average intake concentration to the 24-hr average transect concentration-
using Method 2 to calculate the intake concentration and Method 1 to calculate the transect
concentration.

Technique 4

F14 Ratio of the 24-hr average intake concentration to the 24-hr average transect concentration
using Method 1 to calculate the intake concentration and Method 2 to calculate the transect
concentration.

NID Number of intake samples during the day (= 0600 to 2100).

NIN Number of intake samples during the night (= 2101 to 0600).

NTD Number of transect samples during the day.

NTN Number of transect samples during the night.

SDXID Standard deviation of the intake day concentrations (number of Organisms/1000 m3

SDXIN Standard deviation of the intake night concentrations (number of organisms/1000 m3).
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Table B-18 (continued)

SDXTD Standard deviation of the transect day concentrations (number of organisms/1000 m3 ).

SDXTN Standard deviation of the transect night concentrations (number of organisms/1000 m 3).

SDYID Standard deviation of the intake day number-of-organism values.

SDYIN Standard deviation of the intake night number-of-organism values.

SDYTD Standard deviation of the transect day number-of-organism values.

SDYTN Standard deviation of the transect night number-of-organism values.

SDZID Standard deviation of the intake day volumes (1000 mi3 ).
SDZIN Standard deviation of the intake night volumes (1000 m).3
SDZTD Standard deviation of the transect night volumes (1000 mi3

SDZTN Standard deviation of the transect night volumes (1000 m3 ).

TSDFI1 Two times the standard deviation of fl, I
TSDFI2 Two times the standard deviation of fI,2-
XID Average of the intake day concentrations (number of organisms/1000 m3 ).

XIN Average of the intake night concentrations (number of organisms/1000 m 3
XTD Average of the transect day concentrations (number of organisms/1000 m 3).

XTN Average of the transect night concentrations (number of organisms/1000 m3).

YID Average of the intake day number-of-organism values.

YIN Average of the intake night number-of-organism values.

YTD Average of the transect day number-of-organism values.

YTN Average of the transect night number-of-organism values.

ZID Average of the intake day volumes (1000 m 3).

ZIN Average of the intake night volumes (1000 m3

ZTD Average of the transect day volumes (1000 mn 3
ZTN Average of the transect night volumes (1000 m ).

ZTN verge o th trasec niht vlums (100 n
3

)



Table B-19. Sample size, mean and standard deviation for night and day, intake and transect values for number
of organisms, volume of sample, and concentration. Also tabulated (on the next page) are intake f factor values (fl),

calculated using four techniques, and approximate 95% confidence intervals for fl, 1 and

fl, 2 . Values are given for yolk-sac larvae, post yolk-sac larvae, and juveniles
at Bowline, Lovett, and Danskammer-Roseton. Acronyms are defined in Table B-18.

The lower half of this page is a continuation of the upper half. The next page is a further
continuation of the table and contains the footnotes; see numbers in "OBS" column.

OBS PLAWT'a DATE STAGE min T SKINl HIN 213 SDIN III SDIIB lID KID S DID. ZID SDZID KID

1 1 1 1 11 0.000 0.000 .1270 .0000 0.00 0.00 9 0.444 0.881 .0992 .0551 222.20
2 1 1 2 11 0.545 1.210 .1270 .0000 8.29 9.56 9 0.889 1.269 .0992 .0551 335.10
3 1 2 1 8 0.000 0.000 .0146 .0039 0.00 0.00 20 0.000 0.000 .0160 .0000 0.00
4 1 2 2 8 0.500 0.756 .0146 .0039 88.40 76.30 20 0.4100 0.995 .0160 .0000 25.00
5 1 2 3 8 0.375 0.744 .0146 .0039 23.40 46.50 20 0.000 0.000 .0160 .0000 0.00
6 2 1 1 12 0.500 0.798 .0640 .0635 6.75 13.90 8 0.125 0.354 .0210 .0000 5.95
7 2 2 1 7 1.570 3.050 .0321 .0160 34.90 67.70 8 3.000 3.510 .0450 .0000 66.70
8 2 2 2 7 1.290 1.600 .0321 .0160 81.30 39.80 8 1.500 1.600 .0450 .0000 33.30
9 2 3 2 7 0.000 0.000 .0150 .0000 0.00 0.00. 12 0.167 0.389 .0250 .0148. 7.41

10 2 3 3 7 0.000 0.000 .0150 .0000 0.00 0.00 12 0.000 0.000 .0250 .0148 0.00
11 3 1 1 12 24.750 22.030 .1030 .0726 233.60 187.30 8 6.125 7.920 .0566 .0457 168.90
12 3 2 2 6 0.833 1.330 .1010 .0779 4.18 6.61 12 1.750 6.540 .1010 .0742 18.50
13 3 3 2 12 0.750 1.360 .0222 .0137 88.80 78.50 10 1.600 2.880 .0119 .0052 127.00

OBS SDXID MTl YTN SCTIT ZTl SLIZTW 'll SDT0 TTD ITD SDOlD ZTD SDZTD XTD SDXTD

1 441.0 20 36.850 28.400 .162 .0271 223.70 156.10 56 20.140 33.700 .166 .0188 129.800 211.90
2 660.5 20 52.000 39.640 .162 .0271 313.50 215.70 56 22.710 50.500 .166 .0188 156.700 369.10
3 0.0 15 7.070 12.940 .180 .0280 37.10 59.50 81 23.660 46.840 .178 .0295 152.800 317.30
4 62.2 15 66.870 66.190 .180 .0280 396.50 417.10 81 79.540 133.940 .178 .0295 503.600 901.10
5 0.0 15 3.670 6.260 .180 .0280 21.70 39.70 41 1.320 5.400 .178 .0295 8.190 311.40
6 16.8 37 14.050 18.890 .163 .0371 95.50 134.20 68 18.500 26.540 .170 .0294 111.000 148.60
7 77.9 31 28.870 30.960 .157 .0223 203.50 235.50 89 17.240 27.610 .160 .0246 111.000 179.20
8 35.6 31 73.290 74.460 .157 .0223 498.30 518.90 89 57.140 102.010 .160 .0246 368.100 634.60
9 19.7 35 2.200 1.680 .165 .0343 13.40 9.45 56 6.040 12.920 .166 .0373 39.100 82.20

10 .0.0 35 0.429 0.608 .165 .0343 2.84 8.06 56 0.661 1.080 .166 .0373 4.280 6.81
11 222.0 32 107.840 121.130 .184 .0181 598.90 671.80 0 0.000 0.000 .000 .0000 0.000 0.00
12 62.3 20 8.050 11.080 .181 .0234 41.00 54.90 34 6.260 7.890 .195 .0307 32.500 40.40
13 171.1 24 2.830 4.750 .211 .0912 20.90 40.60 53 0.170 0.509 .212 .1760 0.999 2.88



Table B-19 (continued)

O9s PLAIT DATE STAGE fII TSDF11 F12 T SDIP12 F13 F14

I 1 1 1 0.8988 1.2191 0.0188 0.0376 0.9336 0.0181

2 1 1 2 1.0661 1.4508 0.0391 0.0814 1.1444 0.0364
3 1 2 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 1 2 2 0.0711 0.0647 0.0667 0.1478 0.0792 O.0S99
5 .1 2 3 0.7431 1.2061 0.8821 3.0011 0.8036 0.8.157
6 2 1 1 0.0593 0.0777 0.0660 0.1456 0.0620 0.0631
7 2 2 1 0.3730 0.2921 0.4383 0.9614. 0.4001 0.4087
6 2 2 2 0.0867 0.0537 0.0900 0.1946 0.0909 0.0858
9 2 3 2 0.1585 0.2542 0.1515 0.3031 0.1681 0.1429

10 2 3 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
11 3 1 1 0.3225 0.2146 0.2691 0.5728 0.3296 0.2634
12 3 2 2 0.8939 0.7076 0.8907 1.7974 0.8737 0.9113

13 3 3 2 13.3333 13.6475 20.4894 41.4747 20.3459 13.4273

aBowline Plume and Pond samples deleted; discharge samples at all plants deleted; and mid-depth samples both at the intakes and in the transects given double
weight (i.e., QLM's Method B). None of the June 7-8 transect day samples atDanskammer-Roseton were analyzed for striped bass. June 7-8 and June 19-20
Danskammer-Roseton transect data were combined with Danskammer intake data. July 2-3 transect data were combined with Roseton intake data. There was no

second sampling date at Roseton for which enough striped bass were identified to merit analysis by the staff. The TI 1973 ichthyoplankton data indicated that the

"larvae" collected at Danskammer-Roseton on June 7-8 were probably all yolk-sac larvae, that those collected on June 19-20 were probably all post yolk-sac
larvae, and that those collected on July 2-3 were probably mostly post yolk-sac larvae.
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(1) Method 1: for each sample calculate a concentration as
the ratio of the number of organisms in the sample to the
volume of water filtered, and then calculate the average of
the individual concentrations over the 24-hr period,

(2) Method 2: calculate the 24-hr average number of organisms
in a sample and the 24-hr average volume of water filtered,
and then take the ratio of these two 24-hr averages.

The four techniques of combining these two methods to estimate fl
are defined in Table B-18.

The values in Table B-19 indicate that the manner in which these
two methods are combined can have a pronounced effect on the
estimate of f_. For instance, in the second row of Table B-19,
at Bowline on June 13-14, 1973, for post yolk-sac larvae, f =

1.07 and f 1 , 3 = 1.14, while f1,2 = 0.04 and fI,4/= 0.04; the'

Quirk, Lawler, and Matusky technique of estimating f, corresponds
to f ,4"* Although other differences are less pronounced, the

staff's analysis does make clear that, disregarding problems with
sampling design and sampling techniques, the technique of calcu-
lation alone has an influence on the estimate of fl"

The staff's best judgment is that either technique 1 or 2 is pref-
erable to technique 3 or 4. The staff sees no justification in
mixing apples and prunes by calculating 24-hr average intake
concentrations with one method and 24-hr average transect concen-
trations with a second method, and the staff 'considers that such
an approach is not statistically acceptable. Thechoice between
technique 1 and 2 (fl 1 l and fl, 2) is not clear cut, although

technique 2 is the more commonly used and accepted approach. 1 9

c. Estimates of Standard Deviations for the Intake
f-Factor (fl)

The staff has estimated the standard deviation of flIl and fl,2
as follows (acronyms are defined in Table B-18):

This difference and the one for yolk-sac larvae at Bowline on
the same date are due to the "unusual" (patchy) intake samples
mentioned previously (viz., eleven'2-hr samples containing no
yolk-sac larvae and four post yolk-sac larvae and one 2-min sample
containing two yolk-sac larvae and three post yolk-sac larvae).
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(1) FI1 (= fll)

FI1 = (0.375 XIN'+ 0.625 XID)/XT24 (1)

where

XT24 = (NTN - XTN + NTD • XTD)/(NTN + NTD) . (2)

Variance of the ratio. of two random variables, Y and Z, may be
approximated by the following expression:

Var(Y/Z) - Y )2 [Var(Y) + Var(Z) 2 Cov(YZ)]y2 .•z2 ýYZ I
(3)

In the present application Y= 0.375 XIN + 0.625 XID, Z = XT24, and
Cov(Y,Z) = 0 since the intake and transect samples used to calculate
the concentrations are assumed to be statistically independent.
It is also assumed that night and day intake or transect samples
are statistically independent, i.e., Cov(XIN, XID)= 0 and Cov(XTN,
XTD) = 0.

Thus,

Var(FIl) = (FI1) 2  0.3752 Var(XIN) + 0.6252 Var(XID)

L (0.375 XIN + 0.625 XID) 2

+ Var(XT24)]
XT242I

(4)

and

Var(XIN) = SDXIN2 /NIN

Var(XID) = SDXID2 /NID

(5)

(6)

Division by the sample size is appropriate because XIN and XID are
averages.
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Var(XT24) 1 [NTN 2 Var(XTN) + NTD2 Var(XTD)] , (7)
(NTN + NTD) 2

.where

Var(XTN) = SDXTN2 /NTN and Var(XTD) = SDXTD2 /NTD

Finally, two standard deviations of f is calculated as:

TSDFIl = 2 V Var(FIl) (8)

TSDFI1 values are given in Table B-19. To a first approximation,
FIl ± TSDFII provides an estimate of a 95% confidence interval for
the true FIl value.

(2) F12 (= f 1 , 2 )

F12 = 0.375(YIN/ZIN) + 0.625(YID/ZID) (9)
YT24/ZT24

where YT24 and ZT24 are defined in a manner analogous to XT24 in
Eq. (2).

Application of Eq. (3) is appropriate again. In this case Y =

0.375(YIN/ZIN) + 0.625(YID/ZID), Z = YT24/ZT24, and again Cov(Y,Z) =

0. Also, since night and day intake or transect samples are
assumed to be statistically independent, Cov(YIN/ZIN, YID/ZID) = 0.

Thus,

Var(F12) = (F12) 2 { 0.3752 Var(YIN/ZIN) + 0.6252 Var(YID/ZID)

L [0.375(YIN/ZIN) + 0.625(YID/ZID)] 2

+ Var(YT24/ZT24) } (10)
(YT24/ZT24)2

Again applying Eq. (3),
YIN 2 -VaYIN.2 F _ _IN) + Var(ZIN) _.2 Cov(YINZIN)

Var (YIN/ZIN) ~\ZINJ YIN2 ZIN2 YIN • IN

(11)
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where Var(YIN) = SDYIN2 /NIN and Var(ZIN) = SDZIN2 /NIN, in a manner
analogous to Eqs. (5) and (6), and

Cov(YIN;, ZIN) = ryiN ZiN V Var(YIN) Var(ZIN) (12)

The staff's analysis in Section B.3.a of the correlation between
number of yolk-sac larvae or post yolk-sac larvae in a sample and
the volume of the sample indicates the absence of a statistically
significant correlation in 9 out of the 10 cases. *Thus, the staff
has assumed that the r value in Eq. (12) is equal to zero, which
means that the covariance term on the right side of Eq. (11) drops
out.

A similar development of the type in Eqs. (11) and (12) applies to
Var(YID/ZID) and Var(YT24/ZT24) in Eq. (10). In the latter case
Var(YT24) and Var(ZT24) are calculated using equations analogous

to Eq. (7).

Once Var(Fi2) is calculated, two standard deviations of f is
calculated as

TSDFI2 = 2 Var(FI 2) (13)

TSDFI2 values are given in Table B-19. Again, to a first approxi-
mation, F12 + TSDFI2 provides an estimate of a 95% confidence
interval for the true F12 value..

An examination of the f f2' and "two standard-deviation"
', 1,2',

values in Table B-19 indicates that 9 of the 26 approximate confi-
dence intervals include (or exceed) 1.0. In the other 17 cases,
the data themselves, apart from problems with the sampling design
and sampling techniques, do suggest fI values of less than 1.0.

d. Comparison of Intake and Discharge Concentrations

The intake and discharge concentrations for yolk-sac larvae, post
yolk-sac larvae, and nonscreenable juveniles at Bowline are sum-
marized in Table B-20. The staff's analysis indicates that:

(1) the concentration of yolk-sac larvae tends to be lower
in the discharge samples than in the intake samples;

(2) the concentration of post yolk-sac larvae tends to be
lower in the discharge samples than in the intake samples;
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(3) the concentration of nonscreenable juveniles tends to
be higher in the discharge samples than in the intake
samples;

(4) in all cases the variability is too large to say whether
these indications of differences are real.

• a

Table B-20. Intake and discharge 24-hr average concentrations for yolk-sac larvae,
post yolk-sac larvae, and juveniles at Bowlineb

Intake Discharge

Life stage Date Sample 24-hr Average Standard Sample 24-hr Average Standard
Lsie 24-r Aerae 3 deviation ampe -r deviation 3size number/ m) (number/10003 size (number/ m (number/1000 m

Yolk-sac larvae 6/13-14 20 100.0 307.8 17 26.2 66.6
6/27-28 28 0 0 .9 0.6 1.7

Post yolk-sac larvae 6/13-14 20 153.2 460.7 17 40.3 139.1
6/27-28 28 31.7 65.9 9 25.5 58.1

Juveniles 6/27-28 28 6.7 26.0 9 12.1 30.8

aTwenty-four hour average concentrations calculated as the average of the individual concentrations.
bDischarge data at the other plants were not adequate for this analysis.

The intake velocity is 0.2 to 0.3 fps at Bowline, while the velocity
at the point of sampling in the discharge is 8 to 10 fps.

The staff's a priori reasoning was that, because of this large
difference in water velocity at the two sampling points at Bowline
(similar differences exist at the other plants), there would be
apparent concentration differences even if in fact there were not.
The staff reasons [Sections V.D.2.b(2)(e) and V.D.2.e(3)] that the
concentration of yolk-sac larvae might be lower in the discharge
samples at higher velocities due to net damage and bursiing of the
relatively fragile yolk-sac stage. On the other hand, the staff
reasons that the concentration of juveniles (or in general, life
stages with high avoidance ability) might be lower in the intake
samples due to net avoidance; avoidance is less likely to occur in
the discharge at the higher velocities, particularly if passage
through the plant kills the organisms.
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After analyzing the Bowline data, the staff's conclusion is that
the data are consistent with the staff's a priori reasoning but
too variable to verify it. There is not sufficient information
to offer a sound interpretation of the results for post yolk-sac
larvae.

e.. Comparison of Bowline Pond and Bowline Transect Data

An analysis similar to the one given in Section B.3.b and B.3.c,
comparing the intake and transect data at Bowline, Lovett,
Danskammer, and Roseton, is given here for the Bowline Pond and
Bowline transect data. Results are given in Table B-21, which
is similar in format to Table B-19; each of the acronyms has the
same definition as given in Table B-18 except that Bowline Pond
must be substituted for intake wherever the word "intake", appears.

This analysis indicates f, may be less than 1.0 for yolk-sac
larvae and post yolk-sac larvae, but it may be greater than 1.0
for juveniles. The staff's understanding is that the same sampling
techniques (e.g., nets, towing speeds, and towing times) were used
in Bowline Pond and in the Bowline transect. For this reason the
staff places greater confidence in the f, values calculated from
these data than in the f, values calculated from intake and transect
data collected using significantly different sampling techniques
[see Sections*V.D.2.b(2)(e) and V.D.2.e]. The staff's best judgment
is that an f, value of 0.5 is reasonable for yolk-sac larvae and
post yolk-sac larvae at Bowline. On the other hand, the data
available to the staff suggest that the juveniles may be using
Bowline Pond as a shoaling area and that an f value of 2.0 is
reasonable.

f. Tests for Normality and Homogeneity of Variance

Parametric tests of statistical significance, whether they involve
hypothesis testing or confidence intervals, are based on the assump-
tions that for each subset of the total data set the random variable
is normally distributed and that among the various subsets the true
variance is the same. For this reason the staff has examined the
concentration values and the logarithms of the concentrations values
for normality and homogeneity of variance. (The logarithmic trans-
formation is the most commonly used transformation in analyzing
plankton data.)1-3

The normality assumption was examined by (1) plotting histograms
of concentration and logl 0 (concentration) for yolk-sac larvae and
post yolk-sac larvae for each plant (totaled over dates) and for
each date at each plant, (2) plotting log1 0 . (concentration) versus
cumulative percent frequency for selected life stages, plants, and



Table B-21. Sample size, mean and standard deviation for night and day, Bowline Pond and transect values
for number of organisms, volume of sample, and concentration. Also tabulated are intake f factor values

(fl), calculated using four techniques and approximate 95% confidence intervals for ff,I
and f1 ,2 . Values are given for yolk-sac larvae, post yolk-sac larvae, and juveniles. .

Acronyms are defined in Table B-18.

Material under the second two sets of headings is a continuation of that under the first;

note the values in the "OBS" column.

OBS PLANT DATE STAGE Big 111. SDYIl ZIai SDul 11" S KUR ID TID SDID Z1D SDZID X1 D

1 1 1 1 9 6.110 9.14 .196 .0410 36.3 .52.5 18 9.440 22.61 .165 .0165 58.50
2 1 1 2 9 29.670 27.26 .196 .0410 141.8 115.8 18 14.170 35.78 .165 .0165 87.20
3 1 2 1 15 0.733 2.34 .100 .0625 5.7 15.3 26 0.846 1.85. .151 .0500 5.79
4 1 2 2 15 24.000 25.04 .100 .0625 331.2 445.1 26 3.270 7.24 .151 .0500 16.10
5 1 2 3 15 6.130 e.56 .100 .0625 73.6 104.7 26 0.000 0.00 .151 .0500 0.00

OBS SDXID NTN TIN SDITY ZTH SDOTY IlI StITI BTD TTE SCITD ZTD SDZTD X'D S DI¶Z D t

1 142.9 20 36.85 28.40 .162 .0271 223.7 156.1 56 20.14 33.70 .166 .0188 129.80 214.9 4-

2 221.0 20 52.00 39.64 .162 .0271 313.5 215.7 56 22.71 .50.50 .166 .0188 156.70 369.1

3 14.7 15 7.07 12.98 .180 .0280 37.1 59.5 41 23.66 46.84 .178 .0295 152.80 317.3
4 32.5 15 66.87 6(.19 .180 .0280 396.5 417.1 41 79.54 133.94 .178 .0295 503.60 904.1
5 0.0 15 3.67 6.;26 .180 .0280 21.7 39.7 41 1.32 5.40 .178 .0295 8.19 38.4

088 PLAIT DATE STAGE . PII TSDFII P12 TSnPI2 P13 . P18

1 1 1 1 0.32474 0.30144 0.31896 0.65619 0.33729 0.30706
2 1 1 2 0.54391 0.41752 0.59889 1.25536 0.58389 0.55789
3 1 2 1 0.04726 0.04764 0.05807 0.14298 0.05348 0.05131
14 1 2 2 0.28271 0.22260 0.24275 0.54961 0.31480 0.21801
5 1 2 3 2.33725 2.55999 2.10524 5.31045 2.52766 1.94665
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sampling dates, and (3) using the Kolmogorov-Smirnov test for
goodness of fit to normality4, 5 for yolk-sac larvae and post yolk-
sac larvae for Lovett.

The histograms clearly indicated that the untransformed concentra-
tion values were strongly skewed toward zero. The logarithmic
transformation reduced the skewness, but there was still an excess
of low values. The excess of low values is illustrated in Fig.
B-lla, which is plot of the logarithm of the concentration of yolk-
sac larvae versus cumulative percent frequency for the transect
samples at Bowline on June 13-14, 1973. If the observations were
distributed normally, they would fall on a straight line. The
results of the Kolmogorov-Smirnov test for goodness of fit are
summarized for the Lovett data in Table B-21a. In 17 out of the
18 tests the assumption of normality is rejected.

The staff concludes that neither the concentration values nor the
logarithms of the concentration values are normally distributed,
although the latter do not violate the assumption of normality as
severely.

The homogeneity of variance assumption was examined by (1) plotting
the means versus the variances for concentration and logl 0 (concen-
tration) values and (2) using an F-test (2-sided) for homogeneous
variance for the logl 0 (concentration) values. The plots with
untransformed data indicated larger variances with larger means,
but this dependence of the variance on the mean was largely elim-
inated by the logarithmic transformation. In 13 out of the 17
F-tests performed on the transformed data the null hypothesis of
homogeneous. variances was not rejected at the 5% level of signif-
icance. The staff concludes that the log-transformed data do not
in general violate the assumption of homogeneity of variance. The
results of this subsection are made use of in the next subsection.

g. Tests for Significant Differences Between Intake
and Transect Means and Medians

In both the staff's and the applicant's striped bass y-o-y models,
the appropriate manner in which to allow for the possibility that
the average intake concentration of striped bass ichthyoplankton
may differ from the average transect or segment concentration is
by means of a multiplicative ratio such as fl (in the staff's model)
or fl f 2 (in the applicant's model). As indicated in Sect. B.3.c,
it is possible to place an approximate 95% confidence interval
around a calculated f, value and on the basis of such an analysis
to tentatively conclude whether or not the calculated f, value
differs significantly from 1.0. If fl is statistically signifi-
cantly less than 1.0, this suggests that the intake concentration
is statistically significantly less than the transect concentration.
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Fig. B-fla. Plot of the logarithm of the concentration of
yolk-sac larvae versus cumulative percent frequency for the transect
samples at Bowline on June 13-14, 1973. The excess of low values,
and thus the deviation from a normal distribution, is indicated by
the deviation of the points from a straight line.
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Table B-21a. Results of the Kolmogorov-Smirnov test for goodness
of fit of the 1973 Lovett data to a normal distribution

a b Sample Probability of
Life stage Datea Site s obtaining the R ejetnull

size observed D

Yolk-sac All All 160 <0.01 Yes
larvae

6/5-6 All 90 <0.01 Yes
6/19-20 All 70 <0.01 Yes

All Intake 26 <0.01. Yes
All Transect 134 <0.01 Yes

6/5-6 Intake 15 <0.01 Yes
6/5-6 Transect 75 >0.20 No

6/19-20 Intake 11 <0.05 Yes
6/19-20 Transect 59 0.01 Yes

Post yolk- All All 149 <0.01 Yes
sac larvae

6/19-20 All 70 <0.01 Yes
7/3-4 All 79 <0.01 Yes

All Intake 25 <0.01 Yes
All Transect 124 <0.01 Yes

6/19-20 Intake 11 <0.0,1 Yes
6/19-20 Transect' 59 <0.01' Yes

7/3-4 Intake 14 <0.01 Yes
7/3-4 Transect 65 <0.01 Yes

a, All" means June 5-6 and June 19-20 data combined for yolk-sac larvae

and June 19-20 and July 3-4 data combined for post yolk-sac larvae.
b,,All" means intake and transect data combined.
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However, there is a much more direct approach available to test the
hypothesis that the intake concentration is significantly less than
the transect, concentration.

The staff has tested the null hypothesis that the mean intake
concentration is greater than or equal to the mean transect concen-
tration using a t-test on the logl 0 (concentration) values. Since
a t-test is a parametric technique, it is assumed that the obser-
vations within each subset of the total data set are normally
distributed and that among the subsets the true variance is the
same (see Sect. B.3.f). The staff also has tested the null hypoth-
esis that the median intake concentration is greater than or equal
to the median transect concentration using the median test4, 5 on
the untransformed concentration values.

The results of these two methods of analysis are summarized in
Table B-21b. There are significant differences (at the 5% level)
between intake and transect mean logl 0 (concentration) values in
11 of the 17 t-tests. There are significant *differences (at the
5% level) between intake and transect median concentration values
in 10 of the 17 median tests. Because the log transformed data
are not normally distributed (Sect. B.3.f), the staff has greater
confidence in the nonparametric median test.

On the basis of the analysis in this subsection, apart from problems
with the sampling design and sampling techniques, the staff con-
cludes that for striped bass, yolk-sac larvae and post yolk-sac
larvae in particular,. the mean and the median concentrations
entering the intakes at Bowline, Lovett, Danskanmner, and Roseton
are less than the mean and median concentrations in the transects
the majority of the time. This conclusion is in agreement with the
conclusion of Sect. B.3.c.

h. The Appeal Board's Conclusion with Respect
to the fl Factor

The Atomic Safety and Licensing Appeal Board concluded in its
decision on Indian Point Unit No. 220 (p. 132) that "both the
applicant and staff data support an f, factor of considerably less
than 1.0." The staff is in agreement with this conclusion, but
the staff feels that certain aspects of this issue need further
clarification. Figure B-llb should be referred to as an aid in
understanding the following line of reasoning.

1) The applicant defines f, as the ratio of the daily average
river concentration of stage i in the upper east (or west) quadrant
to the daily average river concentration of stage i in the entire
transect.

5 7



Table B-21b. Summary of results from t-tests and median tests by plant, date, and life stage for the null hypothesis
that the mean intake log, 0 (conc) or median intake cone -> mean transect log, 0 (conc) or median transect conc

t-Test Median test
LieMa obndIntake Transectd

Plant Date Life Mean b Reject HOd Combined Combined Reject Hod
(rsample median M)c Number Number Number Number 0.05)

Intake Transect size > M < M > M < M

Bowline [6/13-14+ YSL 30.3 122.3 . Y 133 5.92 1 32 64 36 Y
6/27-28] PYSL 67.6 310.7 Y 133 23.7 6 27 60 40 Y

6/13-14 YSL 138.9 154.7 Y 67 8.13 1 11 32 23 Y
PYSL 211.0 198.0 N 67 6.02 3 9 30 25 N

6/27-28 YSL 0 121.8 Y 66 2.41 0 21 33 12 Y
PYSL 33.8 474.9 Y 66 62.3 5 16 28 17 Y
JUV 8.78 11.8 N .66 0 2 19 14 31 N

Lovett [ 6/5-6+ YSL 0.76 1.56 Y 160 35.1 7 19 73 61 Y
6/19-201
[6/19-20+ PYSL 0.56 1.36 Y 149 13.3 8 17 66 58 N

7/3-4]

6/5-6 YSL 6.25 105.3 Y 90 28.5 2 13 43 32 Y

6/19-20 YSL 54.8 146.8 N 70 44.8 4 7 31 28 N
PYSL 36.3 418.6 Y 70 77.9 '2 9 33 26 Y

7/3-4 PYSL 4.63 29.2 Y .79 6.80 2 12 38 27 Y
JUV 0 3.73 Y 79 0 0 14 21 44 Y

Danskammer 6/7-8 YSL 193.2 598.9 N 36 177.9 7 9 11 9 N

6/19-20 PYSL 31.9 35.6 N 51 14.7 9 7 16 19 N

Roseton 7/2-3 PYSL 96.0 7.20 N 60 * 0 5 9 * 12 34 N

axr T _ . 1 . . 1. . . . • ~ . .• . n l. . .. . 1[ 7 - .. .; .

I 31L = yOlK-sac larvae; F I. L = post yolK-sac larvae; J U v - juveniues.
bConcentrations have units of number of organisms per 1000 cubic meters. The analysis of variance F test was for the intake and tr

values and not the mean concentration values given in these two columns.
CM has units of number of organisms per 1000 cubic meters.
dY = yes and N = No. Ho: mean intake log1 0 (conc) [or median intake conc] -> mean transect log, o (conc) [or median transect conc].

ansect mean logl 0 (concentration)
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Fig. B-llb. Hypothetical cross section of the Hudson River

illustrating the applicant's four quadrants, the location of the
three typical sampling stations and sampling depths,, and a band of
relatively high concentration of striped bass ichthyoplankters
along the river bottom.
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2) The applicant defines 5 7 the upper east (west) quadrant as
"extending from mid-channel to the east (west) shore and from sur-
face to mid-depth."

3) The concentrations used in the calculation of f, values are
based on surface and bottom samples and a variable number of inter-
mediate-depth samples; generally these samples are collected at
three stations (east, mid-channel, and west). 1 8 A mid-depth
concentration is calculated as the average of the concentrations
in the intermediate-depth sample. Each of the stations typically
has a depth of two or more times the depth of the intake structure.
For example at Lovett, the river depth of the west sampling station
was 60 feet, while the intake structure goes from the surface to
the bottom of the river, which at that point is approximately 20
feet.

4) The measured vertical distributions of entrainable life stages
of striped bass all indicate a tendency for higher concentrations
toward the bottom than toward the surface, regardless of depth. 5 9 , 6 0

In other words, striped bass ichthyoplankters tend to be concen-
trated toward the bottom of the river whether the bottom is near
an intake in 20 or 30 feet of water or in the middle of the channel
in 100 feet of water.

5) There do not appear to be systematic lateral (i.e., across the
river from the east to the west shore) differences in the average
concentration in the water column of striped bass eggs, yolk-sac
larvae, and post yolk-sac larvae. 6 1 , 6 2

6) Given items (1) through (5) above, the staff would expect a
priori, without analyzing a given set of transect data, that cal-
culated values of f, would be less than 1.0.

7) The applicant defines f 2
5 7 as the ratio of the daily average

concentration of stage i in the water actuallyentering the plant
to the daily average river concentration of stage i in the upper
east (or west) quadrant.

8) The concentrations used to estimate the numerator of f 2 are
based on samples collected at the surface, mid-depth, and bottom
of the intake structure, which in all cases rests on the bottom of
the river.

9) Given items (2) to (8), the staff would expect a priori that
calculated values of f 2 would be >1.0. [The values of f 2 at a
particular power plant would depend on the bottom profile in the
immediate vicinity of the intake and the distribution of the stream-
lines into the intake.] Stated another way, no bottom samples
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(again, which tend to have higher concentrations) are used to
estimate the average daily river concentration of stage i in the
upper east (or west) quadrant, whereas bottom samples are used to
estimate the average daily concentration of stage i in the water
actually entering the plant.

10) What is relevant in determining the actual impact and the
impact forecast by QLM's and the staff's models is the average
daily value of the product of fl and f 2 , i.e., f

V

In summary, the points the staff has attempted to 'clarify in this
subsection are that the staff would expect calculated values of fl
to be less than 1.0 and calculated values of f 2 to 'be' >1.0, and
that what is relevant in determining the actual impact and the
impact forecast by the models is the product of f, and f 2 .

4. DESCRIPTION OF STAFF'S STRIPED BASS YOUNG-OF-THE-YEAR
AND LIFE-CYCLE POPULATION MODELS

a. Introduction

These simulation models seek to forecast the long-range impact on
a striped bass population of entrainment and impingement of striped
bass eggs, larvae, and juveniles due to the withdrawal of water by
power plants. The models are designed to help'the staff make sound
decisions concerning alternative cooling methods and alternative
sites. This is being done in two ways. First, the models provide
quantitative estimates of impact on a striped bass population.
Second, the models are useful in placing previously qualitative
statements into .a quantitative framework and in defining issues
where field and laboratory research are essential for more accurate
forecasts.

An overview of the modeling framework is given in Fig. 'B-12. There
are two major efforts: (1) a model to evaluate the' impact of
entrainment and impingement on recruitment to the yearling age class,
and (2) a model to evaluate 'the impact of reduced recruitment on
the total population.21 . The first model, focuses on the short-term
'(i.e., one year) impact on the young-of-the-yearýof entrainment
and impingement at power plants; the second model focuses on'the
long-term (e.g., 10 years or more) impact on the striped bass fishery.
and on the size and age structure of the striped bass population.'
Entrainment and impingement probably act in most situations as density-
independent sources of mortality (i.e., the probability Of 'entrainment
or impingement is a constant, independent of the size of the population).
The general question the staff is addressing is what happens to a
fishery when density-independent sources of mortality that act 'on
the zero age class (young-of-the-year), such as entrainment and
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Fig. B-12. Overview of the young-of-the-year and life-cycle
population models.
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impingement, are introduced. Jensen 2 2 used a Leslie population
matrix model similar to the staff's model to address a similar
question for a brook trout population.

For each model there is an analytical framework and a computer
program based on that analytical framework (Fig. B-12). The ana-
lytical framework is essentially a mathematical translation of what
the staff considers to be the pertinent features of the real system.
There is an input to the computer of parameters for each age group of
fish, river segment, and power plant in the young-of-the-year model
and of parameters for fecundity and survival of each age class in
the life-cycle model. The computer output is for two conditions:
(1) without the plant(s) in operation and (2) with the plant(s) in
operation. The impact of plant operation is estimated by subtrac-
tion.

b. Striped Bass Young-of-the-Year Model

A computer simulation model 2 3 has been employed in the assessment
of the entrainment and impingement impact of the power plant
operation on the striped bass young-of-the-year populations in the
Hudson River. A schematic representation of the computational
parts and the operational sequence of the daily transient (tidal-
averaged), longitudinally one-dimensional (cross-section averaged),
discrete element model is -presented in Fig. B-13.

The simulation model has a temporal resolution of 24 hour daily
variation (tidal averaged). This resolution was used for two
reasons. First, a higher temporal resolution, particularly within
the tidal cycle variation (e.g., three hours), for any important
phenomenon would require the inclusion of the periodic tidal velocity
field as the fundamental convective phenomenon in the model, since
the tidal flow rates are significantly higher than the net freshwater
flow rates in the Hudson River. This would result in the intro-
duction of additional uncertainties rather than in the improvement
of the accuracy of the model. Since the reversing, periodic tidal
flow field is associated with the short time variations (hourly)
of local velocity, temperature and salinity conditions, the inclusion
of the phenomenon would require the necessary information about the
vertical, and to a lesser extent, lateral variations in flow con-
ditions resulting from turbulent velocity profiles and stratifica-
tion conditions due to temperature and salinity distributions over
the cross-sections. Although it is theoretically possible to
develop three dimensional, short time transient (high temporal and
spatial resolution) formulations, considering the accuracy of the
available physical data for velocity, temperature and salinity
conditions as input and the sampled data forstriped bass young-of-
the-year population distributions for the verifications, it is
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Fig. B-13. Schematic representation of the computational parts and the
operational order of the staff's striped bass young-of-the-year model for the
Hudson River.
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unrealistic and indeed superfluous to undertake such sophisticated
modeling efforts in an attempt to improve the accuracy of the
simulations.

Second, a lower temporal resolution such as weekly variations,
which are consistent with the available reduced data for the striped
bass young-of-the-year-populations, could introduce errors in the
modeling due to the durations of the certain life-stages of the
striped bass. Considering the approximate durations for the egg
life stage as 2 days and for the yolk-sac larva stage as 7 days,
lower temporal resolutions with time variations longer than these
durations would automatically result in inaccuracies in the simu-
lations'of the particular age group populations. Since the rates
of entrainment and impingement at the intakes depend on the age
group population densities of the specific life stages, the errors
due to low temporal resolutions could cause errors in the assessment
of the impact of power plant operations on the striped bass young-
of-the-year in the Hudson River.

Hence, the staff has used a temporal resolution of 24 hour daily
variations (tidal-averaged) to avoid the necessity of inclusion
of tidal flow conditions, and to guarantee sufficient accuracy for
the simulation of age group populations with short life-stage
durations. Although the internal computational procedure of the
model employs a time step size of 4 hours, based on the stability
criterion of the numerical solutions, the results are only presented
at six step size intervals (24 hours) to be consistent with the
daily averaged assumption of the general formulation.

The analysis considers 152 miles of the estuary, from Troy Dam to
the Battery, as consisting of 76 segments each of 2-mile length
as shown in Fig. B-14. This high spatial resolution was selected
in order to assure the necessary accuracy in specifying the loca-
tions of the intakes and discharges relative to the existing morpho-
logical characteristics and the flow conditions in the river, which
can influence the distributions of the populations and hence the
local conditions of entrainment and impingement at the power plants.

The mathematical formulation of the model is based on the straight-
forward concept of balancing the instantaneous rates of change of
the age group population numbers in each discrete element (see
Fig. B-15) resulting from longitudinal convection; transport and
migration across the element enclosure surfaces; mortality-of life
stages within the element; transfer to older life stages; and rates
of reduction by entrainment and impingement'at the existing power
plants in the element.



B-57

F I J ~ . J . . . . .

ES-559

720 30'740 30

-43000O'

I740 00' 730 30' 73000'

(

/

/)

(
/I-420 30'

ý42000'

/
/

LEGEND

MP-MILE POINT

I

/

I
MP 43

-40° 30° 25 0 25

- •SCALE IN MILES

Fig. B-14. Geometrical segmentation of the estuary and the

locations of the discrete elements containing power plants.



ES-560

DOWNj SECTION

Fig. B-15. Schematic representation of a discrete element for
the conceptual development of the computer simulation model.
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(1) Physical Conditions in the Hudson River

Input to the model includes certain physical conditions that influ-
ence the biological phenomena in the estuary.

(a) Geometrical Properties of the Estuary

The cross-sectional profiles of the river are determined from the
geometric data2 4 by considering transects at the upstream and down-
stream ends of the specified segments. The pertinent geometric
properties of the discrete elements of the model (area, volume,
depth, and surface width) are calculated from the cross-sectional
profiles.

Since the juvenile populations of the striped bass young-of-the-
year tend to concentrate in shoal areas along the estuary, it is
necessary to incorporate a quantitative parameter to represent the
extent of shoaling areas in each discrete element.

The migration of the juveniles to shoal areas along the estuary
could be attributed to various behavioral characteristics (e.g.,
search for food, schooling, etc.) which are not necessarily related
to strictly geometrical properties of the cross-sections. Further-
more, the extent of shoal areas in a discrete element could depend
on various standard geometrical properties (e.g., surface width,
average width, average depth, hydraulic radius, etc.) of the river
section. Hence, in the selection of a specific shoal parameter
both the observed juvenile population distributions and the geo-
metrical properties of the river must be considered.

The quantitative shoal parameter which represents the extent of
shoal areas in a discrete element is defined as:

surface width of the element
maximum depth of the element

The particular definition was based on trials with various plausible
combinations of standard geometric properties of the river cross-
sections to represent both the location along the estuary (e.g.,
Newbury-Beacon, Tappanzee-Havershaw, etc.) and also the relative
magnitude of the extent of shoal areas in these locations. The
selection of the particular definition was also based on the success
with its use of accurately representating the relative magnitudes
of the population concentrations in shoal areas according to the

.1973 juvenile distributions along the Hudson River.
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The geometric properties of the 76 discrete elements are presented
in Table B-22. The longitudinal distribution of the shoal parameter
is shown in Fig. B-16, which also illustrates the correlation of the
parameter with the actual locations of shoal areas along the river.

(b) Flow Conditions in the Estuary

The flow conditions are employed as input data to the model. Flow
is a one-dimensional parameter, which'varies longitudinally along
the estuary.

(i) Daily Net Freshwater Flow Rate

Because the model considers tidal-average daily variations, net
nontidal freshwater flow, estimated primarily from discharge at
Troy Dam, constitutes the convective transfer phenomenon, which
gradually moves the striped bass young-of-the-year populations from
their upstream spawning locations toward the Battery.

Daily averaged flow rates at Green Island for year 197325 were used.
'The actual daily variations were reduced by a five-day averaging
technique 'to eliminate the excessive noise in the raw data. Fig.
B-17 shows these five-day averaged values.

T6 simulate tributary flow into the Hudson River below Troy Dam,
the freshwater flow rate values in Fig. B-17 were multiplied within
each segment by a factor that varied linearly from 1.0 at Troy
Dam to 1.25 at the Battery.

(ii) Maximum Cross-Section-Averaged Tidal Velocity

The overall mixing phenomenon is strongly 'dominated by the local
tidal flow conditions in the Hudson River. Hence, the model calcu-
lates the distribution of the maximum cross-section-averaged tidal
velocity longitudinally along the estuary from input date. These
data can be either measured tidal flow rates 2 6 or solutions of a
hydrodynamic computer simulation model. 2' 7 For 1973 simulations
the maximum tidal velocity distributions, as shown in Fig. B-18,
were assumed to remain approximately uniform by neglecting the
relatively small effect of the variations of the net freshwater
flow in the estuary.

(c) Temperature Conditions 'in the Estuary

The biological'phenomena associated with spawning and growth of the
striped bass eggs are assumed to depend in part on the local water
temperature of the river. The necessary temperature data for the
model comes from three sources.



Table B-22. Geometrical proportion of the discrete river elements employed in the young-of-the-year population model
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(i) Daily Mean Water Temperature of the River

Changes in daily mean water temperature during the year are based
on five-day averaged data taken at Verplanck 2 8 as shown in Fig.
B-19. For 1973 simulations, these data were assumed to approximate
the longitudinally averaged daily mean water temperature of the
river.

(ii) Longitudinal Variation of Water Temperature in the River

The available data (see Fig. B-20 indicate that the longitudinal
variations of temperature exist throughout the year with a con-
sistent pattern of decreasing temperature with distance upstream
from the Battery. For 1973 simulations, linear variations with a
4 F° difference between the Battery and Troy Dam were employed to
approximate the longitudinal temperature variations from the
averaged daily mean water temperature data at Verplanck (see Fig.
B-19).

(iii) Temperature Rise in'the Vicinity of Thermal Discharges

The incremental temperature effects of thermal discharges are
approximately included in the model, based on the standard approx-
imate solution4, 2 9 of the tidal-averaged energy equation with
freshwater flow convection and longitudinal transport due to tidal
dispersion. The input data for the natural temperature distribution
are modified according to the amount of heat added as obtained from
the specified operational conditions of the power plants.

(d) Salinity Conditions in the Estuary

The concentration and mobility of juvenile striped bass,.which
affect the magnitude of both impingement at the intakes and migra-
tion to shoal areas, depend, in part, on the salinity distribution
in the estuary, particularly on the location of the salt front. 3 0

Hence, an approximate method is employed in the staff's model to
incorporate the salinity conditions in the estuary.

(i) Salt Intrusion Length

The salt intrusion length from the Battery is determined according
to the observed salinity data 2 5 in the Hudson river under different
freshwater flow conditions based on two empirical formulae as
shown in Fig. B-21.

ýI



ES-564

5-DAY AVERAGED DATA

80

-24

70 -

w

-60
Ui22

a- z

I-2

zz
F.-

200~

- 19

30

I I*" I I I . I I I I

A M J J A S 0 N D J F M

MONTH

Fig. B-19. Longitudinally averaged daily mean water temperature
and ocean salinity variations employed in the model. Source: Data
supplied by New York State Department of Environmental Conservation,

Albany, New York, August 1974.



B-68

ES-565
II/lO:10

50-

48

46

44

42/ 
08-55

40- APRIL 10-11,1973"' 10/10:1,5

4 74-26/13.:20I'-74

26/1:45
a. 72

IlJ
I- 70

w 68I--

66-
64-6 

SEPTEMBER 26-27, 1973

o., 26/0 8:O00

CD 70

x
.4 0-1/11:55

0 6 8 1 , / 10 : 10.-
w-' 66 - 10/13:00 10/12:3066'0

62 
OCTOBER 10-11,1973

0..
C' 10/08:0009 

4

0
.j 56

54

52

50 1 11:0048- 
131:40

464 08:00 NOVEMBER 7, 1973

I I I IIL

10 20 30 40 50 60 70 76
I ELEMENT NUMBER

TROY LOCKS BATTERY
I I I I I " I I I I I I I I Ii150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

RIVER MILE

Fig. B-20. Longitudinal variations of cross-section
averaged temperature in the estuary for different months in
1973.



B-69

ES-566

90

70

60

50 A 6.58
b= 0

40-

50-

SWITCH POINT FOR
U EMPIRICAL FORMULAE
00-

2 20-
0 z

-J - , .A 0.855
bzO.366

IAJ

W

9 -I- 8
U.

z 7-
0

S 6-

" 4-

0 1

2--

10 15 20 25 30 40 50 60 7O 0 90 e DOK

SALT INTRUSION LENGTH (miles) =A 1LOW RATE bcs

S 152 miles LWRAE(f

Fig. B-21. Salt intrusion length variation with freshwater
flow in the Hudson River and empirical formulae for approximating
this length. Source: Data supplied by U. S. Department of the
Interior, Geological Survey, Albany, New York, July 1974.



B-70

(ii) Longitudinal Distribution of Mean Salinity

The longitudinal distribution of tidal-averaged mean salinity, in
the river is determined from a modified form of the solution of
the convective dispersive constituent conservation equation, 2 9 .
based on the ocean salinity at the Battery (see Fig. B-19) and the.
salt intrusion length determined according to the empirical formulae
in Fig. B-21. The comparison of the approximation used in the model
and the observed salinity distributions at two different freshwater
flow rates is shown in Fig. B-22, which indicates good agreement
between the computed values and the data.

The approximate forms employed in the staff's model for the rep-
resentations of the physical conditions in the estuary are consider-
ably more accurate than the available biological data about the
striped bass young-of-the-year in the Hudson River; hence, further
refinement of the approximate formulae for the physical conditions
has not been attempted in the. computer simulation model.

(2) Biological Characteristics of Striped Bass
Young-of-the-Year

The staff's computer simulation model considers six sequential
life-stage age groups (i.e., eggs, yolk-sac larvae, post yolk-sac
larvae, juvenile I's, juvenile II's, and juvenile III's) as well
as a dummy adult spawning group. The approximate durations of these
life stages, the approximate range of lengths of the fish at each
life stage, and the nature and extent of their susceptibility to
destruction by power plants are indicated in Table B-23.

Table B-23. Striped bass young-of-the-year life stage durations, lengths, and susceptibility.
to destruction at the power plants

Duration Length Destruction
Life stage (days) (millimeter) Susceptibility Avoidance

Egg 2.0 1.6-3.5 Entrainment -None
Yolk-sac larva 6.0 3.1-6.2 Entrainment None
Post yolk-sac larva 22.0 6.3-15 Entrainment None
Juvenile I 40.0 16-50 Entrainment and impingement Low
Juvenile 1I 123.0 >50 Impingement High
Juvenile III 172.0 Impingement Medium
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(a) Approximate Simulations of Rate and Distribution
of Egg Deposition in the Hudson River

Accurate simulation of the egg deposition in the river is extremely
difficult, because definitive knowledge of the factors that control
spawning does not exist. However, because distributions of the
later young-of-the-year life stages are strongly dependent on the
location and timing of egg production during the spawning period,
it is important to simulate egg deposition rates and distribution
that correspond reasonably well with actual spawning in the river.

(i) Longitudinal Distribution of Egg Deposition

The longitudinal distribution of egg deposition in the estuary is
simulated by generating an appropriate distribution of a "dummy"
population of spawning adult females throughout the observed
spawning areas. This distribution is established by trial and
error to achieve a reasonably accurate simulation of the observed
weekly-averaged longitudinal distributions of egg and yolk-sac
larvae in the river during the spawning period. The total number
of dummy spawning adults used in the model approximates population
estimates of actual female spawners in the river. 3 1 The choice of
the distribution of dummy spawners and egg deposition rate is
adjusted to simulate the observed distribution and.total production
of eggs. The assumed dummy spawning adult distribution, employed
in applications of the staff's model with 1973 data, is presented
in Fig. B-23.

(ii) Rate of Egg Deposition by Each Dummy Spawning Adult

To simulate the local rate of egg deposition in the estuary, each
dummy female spawner is assumed to deposit 1,440 viable and fer-
tilized eggs per day under optimum conditions, which corresponds
to a seasonal total production of approximately 50,000 eggs per
fish. The 50,000 eggs per fish per season corresponds to a real-
istic average deposition estimate of 1,000,000 eggs, per female
per season, only 5% of which are likely to be both viable and
fertilized.

(iii) Dependence of Egg Deposition Rate on Temperature

The assumed temperature dependence of the egg deposition rate is
shown in Fig. B-24. Comparison of the observed egg distributions
and temperature conditions for 1973 indicate that spawning occurred
when temperatures were between 54 and 66 0 F. The peak spawning
occurred during a period when temperatures varied between 58 and
62*F. Hence, to approximate the temperature dependence of spawning
in the staff's model, the optimum rate'of spawning (1,440 eggs per
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day per female) was multiplied by a factor which increased linearly
from zero to one as temperature increased from 54 to 58*F, remained
constant at 1.0 between 58 and 62'F, and then decreased linearly
to zero as temperature increased from 62 and 66°F.

In the application of the staff's model to the simulation' of 1973
data, the selected egg deposition rate and the dummy spawning adult
population indicated that approximately 4.6 billion eggs were
deposited in the estuary during the spawning period.

(b) Survival Conditions of Age-Group Populations

The staff's model does not employ simple decay-type variations, as
does the applicant's model, 3 2 for calculating the local time rates
of change of age group populations in the river. The net rates
in the staff's model are rigorously formulated, based on instanta-
neous growth rates that continuously transfer populations to later
life stages and on instantaneous mortality rates which continuously
reduce the populations in the system. Hence, consistent with the
continuous property of growth and mortality rates, the model employs
instantaneous survival percentages for the age group populations,
which represent, on the average, probabilities of survival of the
individuals of the life stages through the minimum time period
(hour) considered in the formulation of the model.

(i) Modeling of Compensatory Mechanisms

The proper modeling of the overall compensatory mechanism for the
striped bass young-of-the-year in the Hudson River would require
the consideration of the general ecological system with multi-
species populations to include the effects of food limitation,
predation, and numerous other interaction phenomena among the
species. In view of the present state of the art in mathematical
modeling of complex ecological systems, it is not possible to
develop a model incorporating all these effects.

The available information about the striped bass does not provide
direct evidence relating to the existence or the significance of
possible compensatory mechanisms operating on the life stages of
the young-of-the-year population. However, considering the occur-
rence of compensation sometime in the life cycles of biological
species existing in limited environments, it is conceivable that
a compensatory mechanism, in the general sense, could also be
operational during the first year of life of the striped bass.

The staff's computer simulation model incorporates a generalized
population-density-dependent compensatory mechanism in the formu-
lations of the instantaneous survival percentages of the age group
populations, based on the following assumptions:
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1. For each life stage with an existing age group population
at any given time,, as instantaneous survival percentage is
defined which determines.the part of the population which
is being continuously transferred into the next life stage
based on the survival of the individuals of the population
as they live through the duration of the life stage. The
instantaneous survival percentage of the age group depends
only on the population density of the particular life stage
and not on the population densities of the other life stages
considered in the analysis.

2. At low population density levels, below critical conditions,
each age group population has a constant optimum survival
percentage, which represents the maximum attainable survival
percentage of the life stage under optimum existence con-
ditions of the river. For population densities below the
critical density of the life stage, the instantaneous sur-
vival percentage of the age group is identically equal to
the optimum survival percentage; and it is independent of
the population density.

3. The- density-dependent compensatory mechanism becomes effec-
tive in the system when the age group population density
exceeds the critical density of the life stage. For age
group population densities higher than the critical value,
the instantaneous survival percentage of the life stage
decreases linearly from its optimum value with increasing
density. This linear variation form for the instantaneous
survival percentage is conceptually similar to the logistic-
type relationship between the growth rate of a population
and its population size.33-35

In the applications of the staff's model, the necessary parameter
values for the assumed form of the density-dependent compensatory
mechanism were determined based on the results of the model's
simulation of the 1973 population data in the river. Since the
determinations from the simulations of all the unknown parameters
for all life stages with operational compensatory mechanisms would
be extremely difficult, a simple approach was used in the analysis
to limit the number of variables.

For each life stage, except egg, a constant effective value for
the instantaneous survival percentage is assumed to have existed
throughout the 1973 spawning period. Considering the short duration
of the eggs and the limited importance of the food limitation effect
for this life stage, the compensatory mechanism for the egg age
group population was neglected in the analysis. Furthermore, in
view of their long life stage durations, and in anticipation of
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possible high survival percentages, the same effective survival
percentage values were assumed for the juvenile II and juvenile
III age group populations.

The appropriate values for the effective survival percentages were
determined by running the model without the, compensatory mechanism
for different combinations of the life stage survival percentage
values until reasonably accurate simulations of the longitudinal
distributions of all age group populations were obtained for the
1973 physical and plant operational conditions in the river.

To obtain the necessary parameters for the, generalized form of the
compensatory mechanism, the critical population density of each
life stage was assumed to equal 90% of the maximum population
density observed for the life stage during the 1973 spawning period
in the river. To determine the slope of the linear variation of
the instantaneous survival percentage with age group population
density, the effective survival percentage value was assumed to be
reached at. the half point value between the critical population
density and the maximum observed density for each life stage
according to the 1973 data.

The parameter values for maximum observed population densities,
effective survival percentages,. critical' population density values,
and optimum survival percentages, used in the formulations of the
population-density-dependent mechanisms for the specified, life
stages in the staff's model, are presented in Table B-24.

Table B-24. Parameter values employed in the staff's model for population density dependent
compensatory mechanism for survival percentages of life stage populations

Maximum population Effective Critical population Optimum
Life stage density survival density survival

(number per 1,000 ft3 ) percentage (number'per 1,000 ft3 ) percentage

Egg No population density dependent compensatory effect 40.0
Yolk-sac larva 8.0 60.0 7.2 66.0
Post yolk-sac larva 7.0 80.0 6.3 84.0
Juvenile I 2.0 90.0 1.8 92.0
Juvenile II 1.0 98.0 0.9 99.0
Juvenile III 1.0 98.0 0.9 99.0

The schematic representations of the density dependent forms of
compensatory mechanisms employed in the staff's model are shown
in Figs. B-25-B-28 for the yolk-sac larva, post yolk-sac larva,
juvenile I, and juvenile II and juvenile III life stages.
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The compensatory mechanism in the staff's model is conceptually
similar to that used in the applicant's model from age group
population-density-dependence considerations, with the basic dif-
ference being the linear variation-in the staff's model in com-
parison to the cubic form in the applicant's model. Furthermore,
both models consider the concept of optimum conditions (in terms
of maximum survival percentages in the staff's model and in terms
of minimum decay rates in the applicant's model) for the general
behavior of the age group populations.

However, the operational influence of the compensatory mechanism
on the age group populations is significantly different in the
two models. In the applicant's model, the compensatory mechanism
changes the mortality coefficient directly - hence changing the
rate of decay of the age group population densities representative
of the natural mortality conditions. In comparison to the formu-
lation of the staff's model, this corresponds to simultaneously
changing the survival percentage, growth rate, and mortality rate
of the age group population. In the applications of the staff's
model, the compensatory mechanism independently changes the instan-
taneous survival percentage of the life stage without directly
affecting the growth and mortality rates of the age group popula-
tions.

(ii) Dependence of Survival Percentages on Temperature and
Salinity Conditions

The general formulation of the staff's computer simulation model
also considers the dependence of the percentage survival of the
age group populations on the temperature and salinity conditions
to simulate the effects of possible occurrences of severe cata-
strophic events in the river. However, in the applications of the
model to the simulation of the 1973 data and for the assessment
of the impact of the proposed power plants, this capability of the
model was not used in the computations because severe physical
conditions in the river were not evident.

(c) Growth Rates of the Age Group Populations

The staff's model considers continuous transfer rates for age group
populations from earlier to later life stages rather than consid-
ering decaying populations that are transferred to the next life
stage at the end of their durations, as does the applicant's model.
The staff believes that its formulation is more realistic, because
the actual ages of the individuals in any specified life stage can
have an age distribution covering a wide range, depending on the
time when they spawned and on the time history of physical condi-
tions in the river.
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(i) Optimum Growth Rates

In the applications of the staff's model, the optimum growth rate
(transfer rate to the next life stage) of an age group population

was approximated as the inverse of the minimum duration that the
striped bass exists in the life stage. This assumption, together
with the proper formulation of the transfer rates in the model,
guarantees that, after the transfer into the life stage from the
earlier life stage ends, the remaining age group population of the
life stage necessarily grows into the next life stage during a
period approximately equal to the specified duration of the life
stage. In the staff's model the optimum growth rates are employed
as hourly rates, based on the approximate durations of the life
stages presented in Table B-25.

Table B-25. Life stage durations, optimum growth rates, and minimum
mortality rates employed in the staff's model

Duration Optimum growth rate Minimum natural mortality rate
Life stage (days) (1 per hour) (1 per hour)

Egg 0 = 2 0.347222 x 10- 0.347222 x 10-1

Yolk-sac larva 3 - 8 0.694444 X 10-' 0.694444 X 10-2

Post yolk-sac larva 9 30 0.189394 X 10-2 0.189394 X 10-2

Juvenile I 31 70 0.104166 x 10-2 0.104166 X 10-2

Juvenile II 71 193 0.338754 X 10-' 0.338754 X 10-3

Juvenile III 194 365 0.242248 X 10-3 0.242248 X 10-3

(ii) Effects of Temperature and Salinity on Growth Rates

The actual durations of the life stages, particularly of the egg
life stage, strongly depend on the temperature conditions 3 6 result-
ing in slower growth rates early in the summer when the temperatures
are below the optimum conditions of 75 to 85°F in the river. Hence,
in the staff's model the appropriate correction for the temperature
effect was incorporated for eggs to modify the optimum growth rate,
(based on the inverse of the minimum duration time) as shown in
Fig. B-29. The temperature dependence was represented by a linear
increase from 50 to 75°F, at which temperature the optimum con-
ditions are reached for the growth rate.

The optimum condition was assumed to exist bwtween 75 and 85*F,
followed by a rapid decrease in the rate from 85 to 95*F, at which
temperature the growth of the striped bass eggs terminates.
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Fig. B-29. Representation of temperature dependence of growth
rates for age group populations based on the minimum durations of life
stages.

Although the temperature dependence of the growth rate-for eggs is
well documented,3 6 the necessary information~for the later life
stages is not readily available. 'Hence, the same functional cor-
rection for the temperature effect as shown in Fig. B-29 was em-
ployed for all life stages in the staff's model-.

The growth rates of-age group populations can also depend on the
local salinity conditions in the river. Hence, the staff's model'
was formulated with the cap'ability for incorporating the dependence
of the growth rates on salinity as functional relations similar to
those used for the temperature effects. However, because the nec-
essary data are not available, the salinity dependence option was
not employed in the applications of the staff's model to the sim-
ulation of the 1973 data.
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(d) -Mortality Rates of the Age Group Populations

In the conceptual formulation of the staff's model, the percentage
of an age group population that does not survive to grow into the
next life stage must necessarily die out of the system after a
certain period of existence. Hence, in a manner similar to the
treatment of growth rates, the model also considers appropriate
continuous, natural mortality rates for the life stages.

" (i) Minimum Natural Mortality Rates

The minimum natural mortality rate of an age group population is
defined as the inverse of the minimum duration that the'striped
bass exists in that particular life stage under optimum conditions.
Hence, in the staff's model the minimum mortality rate is taken as
equal to the optimum growth rate for each life stage as shown in
Table B-25. This important characteristic of the model is essen-
tial in any continuous formulation, because it guarantees that,
under optimum conditions, the striped bass populations are retained
in a life stage not longer than the minimum duration of the life
stage. Hence, the general formulation of the staff's model guaran-
tees that, under optimum conditions, at the'end of the duration of
a life stage, the age group population of the particular life stage
either grows into the next life stage or dies out of the system,
depending on the survival percentage of the life stage.

(ii) Effects of Temperature and Salinity on the Mortality Rates

The general formulation of the staff's model also considers the,
dependence of the natural mortality rates on temperature and
salinity. It has the' capability to retain the striped bass popu-
lations in a life stage longer than the minimum duration of the
life stage under non-optimum conditions, or to rapidly decrease the
populations under possible catastrophic temperature conditions
that might occur in the river. However, these options of the model
were not employed in applications to the simulation of the 1973
data and to the assessment of the impact of the proposed power
plants.

In summary, the staff's computer simulation'model considers three
conceptually fundamental terms (i.e.,' survival percentage, growth
rate, and mortality rate) to realistically formulate the continuous
progression of striped bass young-of-the-year populations from
earlier to later life stages. These three terms can be determined
individually., based on the biological characteristics of the life
stage and the effects of the' physical conditions in the river on
these characteristics. Hence, the formulations of the local time
rate of change of the age group populations in the staff's model



B-86

are considerably more plausible and realistic from biological
considerations than the first-order, decay-type mortality rates
(similar to the ones associated with simple chemical reactions)
employed in the applicant's model.

(e) Mobility Characteristic of the Age Group
Populations

The later life stages of the striped bass young-of-the-year
(Juvenile I, Juvenile II and Juvenile III) exhibit.strong mobility
characteristics. For example, migration to shoal areas can sig-
nificantly influence longitudinal distributions, and the ability
of juveniles to avoid the intakes reduces the susceptibility of
the age group populations to entrainment and impingement at the
power plants. The staff's computer simulation model considers
these important effects; based on the biological characteristics
of the striped bass in various life stages and the tidal flow con-
ditions in the river rather than introducing artificial modifica-
tions in the model to simulate the initiation of shoaling and
intake avoidance, as does the applicant's model.

Since, contrary to the tidal-average hypothesis of the models,' the
age group populations actually exist under strong, periodic tidal
flow conditions in the estuary, the ultimate longitudinal effect
of instinctive migratory behavior necessarily depends on ability
to swim against the tidal currents. Similarly, susceptibility to
entrainment and impingement also depends on swimming ability
against the intake velocities and ability to identify and to avoid
the intake structures.

(i) Approximate Maximum Swimming Speed and Sustained Duration

The ivailable information about the swimming characteristics of the
striped bass young-of-the-year is based on very limited experi-
mental data 3 7 concerning the maximum swimming speeds and the fatigue
times which were determined by observing different size fish, cor-
responding to different life stages, under uniform flow conditions
generated in a laboratory apparatus.

In-the general formulation of the staff's model, the early life
stages (eggs, yolk-sac larvae, and post yolk-sac larvae) are
assumed to have no mobility characteristics. Hence, these age-
group populations are assumed to have no migratory influence on
their longitudinal motions inthe estuary and no ability to avoid
the intakes. Based on the available data, 3 7 approximate mobility
characteristics were assigned to the later life stages (Juvenile
I, Juvenile II, and, Juvenile III) as 'listed in Table B-26. These
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'characteristics were then used for the modeling of the signifi-
cantly important behavioral characteristics,, such as migrations
to shoal areas, which control the longitudinal distributions, and
the intake avoidance capabilities, which determine the entrainment
and impingement impact of the power plants.

Table B-26.. Approximate data employed in the staff's model
for the mobility characteristics of life stage age group populations

Maximum swimming Sustained Intake Shoaling Crowding
Life stage speed duration avoidance effect effect

(fps) (hour) parameter parameter parameter

Juvenile i 0.50 2.00 0.20 0.4 0.2
Juvenile II 1.00 4.00 0.80 0.4 0.2
Juvenile III 1.00" 6.00 1.00 0.4 0.2

It must be emphasized that the parameters employed in the staff's
model to simulate the effects of swimming ability of the striped
bass young-of-the-year cannot be considered as completely accurate
representations of the actual mobility characteristics of these
later life stages. However, despite the uncertainties in the river
sampling data as well as the inaccuracies of other parts of the
general model, the results of the simulation (discussed later)
indicate that this approximate treatment is indeed sufficiently
accurate to achieve simulation of the shoaling conditions that
control the longitudinal distributions of.the juvenile life stages
in the estuary.

(ii) Effects of Temperature and Salinity on Mobility
Characteristics

The available data 3 8 on the number of fish impinged on the screens
at the intakes at Indian Point indicate that impingement is related
to the local temperature and salinity conditions in the ,estuary.
Hence, to incorporate the temperature and salinity effects, the
approximate maximum swimming speed values used in the model for the
life stages (Table B-26) were modified by temperature and salinity
correct-ion factors in the staff's model.

A schematic representation of the temperature dependence factor
employed in the staff's model for the modification of the maximum
swimming speeds of the juvenile life stages of the striped bass
young-of-the-year is shown in Fig. B-30. Below 30°F, the fish is
assumed to have no swimming ability; the swimming speed increases
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linearly between 30 and 50*F, at which temperature it reaches
the maximum speed. Swimming speed remains maximum until 70'F and
then decreases linearly to zero between 70 and 90'F. The fish are
assumed to lose their swimming ability completely at and above 90'F.
The assumed form of the temperature dependence is sufficiently
accurate to simulate higher impingement rates at the intakes during
cold winter conditions in the river.

Schematic representation of the salinity dependence factor employed
in the staff's model for the modification of the maximum swimming
speeds of the juvenile life stages is shown in Fig. B-31. The
maximum swimming speed is assumed to be unaffected by salinity for
conditions below 0.15 and above 4.0 ppt in the river. The swimming
ability of the fish decreases linearly between 0.15 and 1.0 ppt
when the fish ceases to exhibit any migratory motion until salinity
reaches 3.0 ppt; and it increases linearly between 3.0 and 4.0 ppt,
at which point salinity no longer has an effect on the mobility
characteristics.

The salinity dependence of the maximum swimming speed of the
juvenile stages does not imply that the fish undergo physiological
changes over this salinity range. The salinity, dependence in the
staff's model is rather employed in a more general ecological sense
to simulate other phenomena (e.g., concentration of juveniles near
the salt front) that are not well understood but that appear to
affect impingement.

In summary, the staff's model realistically employs the swimming
abilities of the juvenile striped bass life stages in formulations
that enable the simulation of the important effects of shoaling
behavior, that control the longitudinal distributions of these age
group populations and plant avoidance ability, that affects impinge-
ment at the power plants.

(f) Migratory Behavioral Characteristics of the
Age Group Populations

In addition to movement with the longitudinal convective motion due
to the net freshwater flow along the estuary, it is established
that some striped bass young-of-the-year life stages also exhibit
various kinds of migratory behavior in all directions in the
estuary.

(i) Diurnal Vertical Migratory Motions of Early Life Stage
Age Group Populations

For yolk-sdc larva and young juveniles, diurnal variations in
densities in the ichthyoplankton samples taken at different depths
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have been observed, with higher concentrations found in samples
taken near the surface during the night, and relatively higher
concentrations found near the bottom during theday. 3 9 These indi-
cations of diurnal vertical migratory motions can be attributed to
numerous potential physical, behavioral, and ecological factors,
such as responses to light, flow conditions, and avoidance of pred-
ators, as well as to sampling gear avoidance, which can result in
low catches in upper strata during daylight hours (see Chapter V).

Although, in the general formulation of the staff's model, provisions
have been made to incorporate this behavior, in the applications
of the model to the simulation of the 1973 data and to the assess-
ments of the power plant impacts, the effects of vertical migration
on the ultimate longitudinal transfer of the age group populations
were not included. Because it is established that the vertical
migratory motions are diurnal, the distributional effects are approxi-
mately evenly divided between the ebb and flood stages of the
12.4-hr semi-diurnal tidal flow in the estuary. Hence, a signifi-
cant convective, defect-type, longitudinal transport, resulting
from the changes in vertical distributions and the turbulent
velocity profiles of the tidal flow conditions, cannot be expected.
Furthermore, because considerably higher population densities are
apparent near the bottom at most times, and the vertical migratory
motions only partially alter these predominant distributions, the
net convective defect transport, resulting from tidal and daily
averaged distributional conditions, would be significantly greater
than any possible transport due to the vertical motions. Hence,
it is realistic to not include the effects of vertical migrations
in the modeling of the longitudinal motions of the age group popula-
tions in the estuary.

(ii) Migrations of Juvenile Age Group Populations to Shoal Areas

The migration of the juvenile life stages into shoal areas is
extremely important from modeling considerations, because this
behavioral characteristic almost completely dominates the longi-
tudinal distributions of the later juvenile age group populations.
The applicant's model and the previous staff's model employed arti-
ficially introduced distributional variations, based on observed
data, to simulate this effect in their formulations. However,
although both models assigned plausible shoaling values to various
regions in the estuary to simulate the lateral and longitudinal
migration of the juveniles, they did not quantitatively identify
the fundamentals Of these behavioral characteristics, which can
vary significantly with different population levels during dif-
ferent years and with different environmental effects of the power
plants.
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In the present computer simulation model, the ultimate longitudinal
migration effect of the juvenile age group populations is formu-
lated according to the phenomenological concept of the "potential
law of migration." The migratory behavior is assumed to be in-
fluenced by the longitudinal variations (gradients) of (a) the
availability of shoaling areas and (b) the crowding conditions
along the estuary,

It is realized that, regardless of the continuous, downstream net
freshwater flow convection hypothesis of the tidal-averaged models,
the age group populations in reality can move considerable distances
up and down the estuary due to the tidal excursion. Hence, in a
sense, they have the ability to survey the availability of shoaling
areas and the population density conditions at different locations
along the estuary without. expending significant effort. Conse-
quently, if a juvenile age group population has the physiological
ability to resist the tidal flow currents, they can then select
an !'optimum" shoal area within the tidal excursion range, in which
to stay until the crowding conditions reach a level, such that the
food availability in the area becomes low enough to stimulate the
juveniles to seek another shoal area along the estuary. Hence,
in the staff's model, two dimensionless potentials were, formulated
to describe the longitudinal migrations of the juvenile age group
populations from one element to an adjacent element along the
estuary.

Potential Resulting from the Availability of Shoal Areas.

This potential is based on the shoal parameter value, which repre-
sents the availability of the shoal areas along the estuary as
determined from the geometrical characteristics of the cross sec-
tions of the estuary bed (see Section B.4.b(l)(a) above). It is
implemented in the following form: Shoaling Potential for Migra-
tion from an Element to the Adjacent Element = [(Shoal Parameter
Value in the Adjacent Element) - (Shoal Parameter Value in the
Element)]/(Average Value of the Shoal Parameter for the Two Elements).

Negative Potential Resulting from Crowding Conditions

This potential is based on the juvenile age group population den-
sities in two adjacent elements along the estuary. It is implemented
in the following form:

Crowding Potential for Migration from an Element to the Adjacent
Element [(Population Density in the Element) - (Population
Density in the Adjacent Element)]/(Average Population Density for
the Two Elements).
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This migratory behavior model for the juvenile age group populations,
although novel-from biological modeling considerations, is con-
ceptually similar to well-established phenomenological transport
models developed in the context of the physical sciences. The
mathematical details of the model are discussed in detail in Ref.
23.

It is realized that the acceptability of a mathematical model is
ultimately judged by the pragmatic test of its ability to simulate
the actual observed conditions in the estuary. In the applications
of the staff's model to the simulation of the 1973 data, the com-
puted results for the juvenile life-stage age group populations
were shown to agree very weil with the observed distributions
along the estuary, both from qualitative and quantitative con-
siderations of the observed occurrence of high population densities.
in the expected shoal areas.

(3) Plant Conditions

Since the staff's model considers 2-mile-long discrete elements in
the segmentation of the estuary, the intake and discharge locations
were considered separately in the general formulation, because a
plant's intake and its discharge could possibly be located in
different segments.

The reduction rates of the'age group populations by the power
plants are formulated in two parts. According to the population
densities of the age groups at the intakes and the specified plant
flow rates, the removal rates of the populations.from the elements
that contain the intakes are determined. Based on the survival
percentages of the life stages as they pass through the plant
system, the intake population densities are reduced to obtain the
population densities at the discharges. The replenishment rates
of the populations are determined according to the-discharge
densities and plant flow rates in the elements containing the
discharges. Hence, the staff's model has the capability for simu-
lating the removal and replenishment of age group populations by
the power plants at different locations along the river, depending
on the locations of the intake and the discharges.

The physical operational conditions of the power plants are em-
ployed as inputs to the model, based on specifications for the
existing and proposed units. The susceptibilities to entrainment
and impingement and the survival percentages of the age group
populations as they pass through the plant systems are determined
according to the operational conditions of the power plants and
the biological characteristics of the life stages.
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(a) Operational Conditions of the Power Plants

In the applications of the staff's model to the simulation of the
1973 data and to the assessment of the impact of entrainment and
impingement losses, 13 different cases involving combinations of
existing and proposed power plants on the Hudson River, were con-
sidered. The operational conditions of these power plants and
the values for various parameters employed in the modeling of
entrainment and impingement losses are presented in Table B-27.
In certain cases combinations of plant units were separated to
enable predictions of damage associated with various scenarios
(see Chapter XI) that needed to be considered in the overall
assessment of power plant impact on the river.

For Indian Point Units Nos. 2 and 3, both once-through and closed-
cycle cooling cases were considered by changing the plant flow
rates and through plant mortality as shown in Table B-27.

The geometrical factors for the intakes and discharges of the
power plants listed in Table B-27 are employed in the model to
incorporate special geometric characteristics of the cooling
system which might affect the population densities at the intakes
and at the discharges. The intake factors were assumed as unity
for all power plants, indicating no change in intake densities
due to the geometries of the structures. The discharge geometry
factors were used to adjust for special characteristics of the
cooling systems. They were assumed as unity for all once-through
cooling cases, indicating no additional reduction in survival
because of the cooling system. Mortality due to once-through
systems was taken into account, using plant survival factors
discussed below [(Section B.4.c(3)(b)(iii)]. For closed-cycle
cases, the discharge geometry factors were specified as zeros
to represent total destruction by entrainment due to combined
thermal, mechanical, and chemical stresses.

(b) Biological Conditions for Entrainment
and Impingement Rates

The staff's computational model determines the population reduction
rates due to entrainment and impingement at the power plants based
on the physical operational conditions of the power plants and the
biological characteristics of the striped bass young-of-the-year
life stages in the estuary and in the power plant cooling water
flow systems. The various factors considered in the formulations
are conceptually similar to the f factors employed in the appli-
cant's model.



Table B-27. Hudson River power plant operating data

Location, Intake Plant Plant Plant Plant

Unit mile In-service Capacity flow temperature thermal Intake intake dischargePwrpatpoint velocity

No. above date (MWe) rate rise discharge veoct geometry geometry

Battery (cfs) (F°) (billion Btu/hr) (fps) factor factor

Albany 140 400 784 11.0 1.917 1.0 1.0

Danskammer 1 66 1951 64 89 14.5 2.250 2.5 1.0 1.0

2 1954 64 89
3 1959 127 '231
4 1967 253 277

Roseton 1 65.4 1974 600 724 15.4 5.000 0.75 1.0 1.0
2 1974 600 724

Indian Point 1 43 1962 265 709 15.3 15.755 0.67 1.0 1.0
2 1973 873 1938a 0.90 a

3 1975 1033 1938b 0.90 b

Lovett 1 42 1949 22 32 14.8 2.375 0.77 1.0 1.0

2 1951 22 32 0.77

3 1955 72 103 0;73

4 1966 184 263 1.6

5 1969 203 290 1.6

Bowline 1 37.5 1972 620 855.5 13.5 5.167 0.5 1.0 1.0
2 1974 620 '855.5

59th Street 5 221 374 6.0 0.500 1.0 1.0

aWith closed-cycle cooling, the intake flow rate is 125 cfs and the discharge geometry-factor is 0.0.
bWith closed-cycle cooling, the intake flow rate is 135 cfs and the discharge geometry factor is 0.0.
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(i) Intake Density Ratio (fI)

Because the staff's model is spatially one-dimensional along the
estuary, it can only, simulate longitudinal variations in age group
population densities:. This simplifying hypothesis is common to
all existing models employed in the assessment of the biological
impact of the power plants on the Hudson River. Hence, the model
cannot predict vertical and lateral variations in the distribution
of organisms in the estuary.

Considering that the intake structures are located at the shores
of the river, it is quite conceivable that the population den-
sities in the water entering the intakes are different than the
tidal-averaged mean age group population densities in the elements
containing the intakes. These averaged densities are computed by
the model to simulate the conditions estimated from the 1973
sampling program. To incorporate the possible difference between
the intake population density and the mean population density in
the discrete element that contains the intake, the staff's model
employs a single intake density ratio factor (f ) for each life
stage, defined as:

Intake.Density Ratio (f )-Population Density in the Intake Water
I Mean Population Density in the Intake

Element

This ratio corresponds to the product f 1 "f 2 "f 3 employed in the
applicant's model.

The f values can only be determined by additional information
about the vertical and lateral distributions of the age group
population densities in the vicinity of the power plant intake.
It should be emphasized that, if reliable informationabout the

,vertical and lateral distributions is not available, considera-
tions of consistency in modeling dictate that the intake density
ratio must be assumed as unity, because this value represents the
correct theoretical one corresponding to the least prejudiced
estimate in any one-dimensional formulation.

In the applicant's model, fl, f 2 , and f 3 factors are evaluated
from available data concerning the Vertical and lateral variations
of each age group population. However, a recent f factor analysis
by QLM, a consultant to the applicant,18 which leads to extremely
small values for the intake density ratios for various plants on
the river, has not been accepted by the staff. As discussed in
Section V.D.2.b(2)(3) and Appendix B, Section B.3, the possible
inaccuracies in sampling and'the conceptual error involved in using
river transect data to supplant segment data (which is inconsistent
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with the modeling hypothesis) lead to the conclusion that the in-
take density ratio fI values obtained by QLM may be significantly
low.

Before elaborating further on the appropriate choice of values for
the intake density ratio parameter, it is instructive to consider
the effect of this parameter on the ultimate estimate of entrain-
ment and impingement impact on the striped bass young-of-the-year
populations in the estuary. To illustrate the dependence of the
predicted impact on this parameter, the staff's model was applied
to the hypothetical case of Indian Point Units Nos. 1, 2, and 3
alonewith once-through cooling. The impact of plant operation was
represented by a percentage reduction ratio (to be discussed later),
based on the total standing crops of young-of-the-year without and
with plant operation. The simulation results were obtained for
different values of the fI parameter in the range 0 to 2.0.. A
percent reduction ratio/was defined as:

Percent Reduction with a Given Intake Density Ratio
Percent Factor fI
Reduction =
Ratio Percent Reduction Ratio with f of Unity

I

The variation of the percent reduction ratio with the intake den-
sity ratio factor is presented in Fig. B-32 for the 1973 flow con-
ditions and for two different cases representing low and high values
for the effective survival percentages of the age group populations.
The results in Fig. B-32 clearly indicate that the relationship
between the plant impact and the intake density ratio factor is a
nonlinear one as might be expected. For f, values below 0.3, as
shown in Fig. B-32, the slope of the curve is greater than 1.0, and
the actual percent reduction will increase rapidly with fI in this
range. Conversely, for f, values greater than 0.3, the actual
percent reduction will vary at a lower rate with increase in the
value of fI

The general functional relation represented in Fig. B-32 remains
approximately constant under wide ranges of transport conditions,
power plant operating conditions, and age group population dis-
tributions in-the estuary. 2 3 Hence, the indicated relationship
between the percent reduction ratio and the intake density ratio
fI can be universally applied for the interpolation and/or extrap-
olation of percent reduction ratios associated with various f
values from the results obtained for a single fI value.
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As stated earlier, in the opinion of the staff, the available data
about the vertical and lateral variations of the various age group
populations in the river do not justify the selection of the ex-
tremely low values1 8 for fI obtained recently by the applicant.
However, there exists strong indirect evidence that the intake
density ratios are indeed less than unity at the power plants. This
evidence is based on the data for the longitudinal distributions
of the age group populations and the results from the staff's model
in simulating the 1973 conditions, as described in the following
paragraph.

To achieve reasonable verifications of the staff's model based on

1973 data, it was necessary to use relatively high values of the
convective defect transport factor (to be discussed later) for
the early life stages (eggs, yolk-sac larvae, and post yolk-sac
larvae), indicating that significant vertical and/or lateral
variations in the distribution of the age group populations do
indeed exist in the estuary, with high concentrations occurring
near the bottom or near the shores. This results in the retarda-
tion of the convective downstream motion of the populations by
the net freshwater flow. Hence, from considerations of consis-
tency in modeling as well as from indications in the 1973 data,
it is realistic to accept that the fI values can indeed be, and
likely are, less than unity. However, it should be emphasized
that due caution must be exercised in the estimation of the values
for the intake density ratio, and the above conclusion by no means
implies that the extremely low values for the intake f factors
suggested recently by the applicant 1 8 are realistic and acceptable
for the assessment of the entrainment and impingement impact.

Although the apparent existence of significant convective defect-
type transport indicates that considerable vertical and lateral
variations in the distributions of the age group'populations must
exist, this does not automatically imply that a comparable large
reduction from unity must exist for the fI values. Considering
the location of the intakes at the shores, substantial reduction
in the f, values could exist if the variations in age group popu-
lation densities are predominantly in the vertical direction.
Conversely, if the variations are predominantly in the lateral
direction, then, in view of the shore locations of the intakes,
.the f, values could be considerably greater than unity. However,
considering the 1973 data, it is evident that the vertical varia-
tions of the early life stages are indeed more pronounced than are
the lateral variations, although the Texas Instruments sampling
in the shoal areas for these early life stages was very limited
prior to August 1973. Nonetheless, it is realistic to assume
that the intake density ratios of existing and proposed power
plants may be less than 1.0 for eggs, yolk-sac larvae, and early
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post yolk-sac larvae. However, juveniles (and.perhaps late post
yolk-sac larvae) are found predominantly in shallow water, and
thus, the intake density ratios for these life stages may be
greater than unity. An indication of this result is discussed
in Section B.3 for juveniles in Bowline Pond.

In the determination of a realistic value for the intake density
ratio of a proposed power plant or an additional unit, it is not
sufficient to consider only the natural variations of the age
group distributions in the river in the absence of flow through
the plant at the time intake and river transect samples are being
taken. From hydrodynamic considerations, the induced flow con-
ditions in the river due to the intake flow, can alter the observed
natural distributions in the river. Furthermore, again from
hydrodynamic considerations, the influence of the intake flow is
not necessarily restricted to a region near the surface and in
the immediate vicinity of the intake; indeed, the intake water to
a power plant can be drawn from considerable distances from the
intake and from various depths depending on the geometry of the
riverbed and the tidal flow conditions in the vicinity of the
power plant. Hence, for example, the values for f, and f 2 suggested
by the applicant for Cornwall, based on .the distributional data
without the operation of the proposed unit, may not be realistic
for the assessment of the impact of Cornwall.

In summary, the 1973 data for the pre-juvenile life stages in-
directly indicate that the intake density ratios employed in the'
tidal-averaged, one-dimensional models, must have values less than
unity based on the necessity to incorporate strong, convective,
defect-type transport in the applications of these models to sim-
ulate the observed longitudinal distributions. However, in view
of the lateral distributional effects, the hydrodynamic conditions
that may be induced by the intake flows and the sampling diffi-
culties discussed in Section V.D.2.b(2)(e), the staff's opinion
is that the intake density ratio (fI) is most likely between 0.5
and 1.0.

(ii) Intake Avoidance Factor

The 'staff's model considers the intake avoidance capabilities of
the age group populations based on their mobility characteristics.
For the juvenile life stages, appropriate intake avoidance factors
are incorporated in the formulation of the model to simulate the
avoidance effects, based on the ratios of the maximum swimming
speeds of the-age group to the intake speeds. This type of modeling
realistically predicts the increase in impingement during 'cold
winter periods and under 'certain critical salinity conditions as
observed in the estuary. The values for the intake avoidance factor
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used in the applications, of the staff's model are presented in
Table B-28.

Table B-28. Intake avoidance factor and optimum plant survival percentage
values employed in the staff's model

Life stage Intake avoidance factor Optimum plant survival percentage

Egg 0.00 0.20
Yolk-saclarva 0.00 0.20
Post yolk-sac larva 0.00 0.20
Juvenile I 0.20 0.00
Juvenile II 0.80 0.00
Juvenile III 1.00 0.00

(iii) Plant Survival Conditions

The reductions in the age group population densities, as they pass
through the power plant system, are based on the plant percentage
survival, factors for the. life stages. This factor represents the
mean survival probability of a striped bass young-of-the-year life
stage (based on physiological capabilities) after it is exposed
to representative levels of mechanical and thermal stresses that
generally occur in passing through the plant. The differences
in the overall plant percentage survivals for different plants
are readily considered in the general formulation of the model by
assigning appropriate values to the intake and discharge geometric
factors that incorporate the special design characteristics of the
particular plants.

Because the plant survival percentage depends both on mechanical
and thermal stresses, it is considered in two parts, as the optimum
plant survival percentage without the thermal effects and a multi-
plicative factor to modify the optimum value for the cases with the
thermal effects.

The optimum plant survival percentage values employed in the staff's
model are presented in Table B-28. These represent the best esti-
mate values for the optimum survival percentages for the striped
bass young-of-the-year life stages based on the discussion given
in Chapter V.
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The thermal effect on the plant survival percentage is based on
the maximum temperature that exists in the plant flow system. For
condenser cooling systems, this temperature is calculated as the
sum of the intake temperature and the condenser temperature rise
for the power plant. The results of various experiments (see
Chapter V) indicate that the survival probabilities for the early
life stages of striped bass young-of-the-year decrease rapidly for
temperatures higher than 85*F. Hence, in the staff's model a mul-
tiplicative temperature factor was included to represent the addi-
tional damage due to the thermal stresses, as shown in Fig. B-33.
This factor was multiplied by the plant survival percentages for
all age group populations, including juveniles.

In summary, the plant conditions can be realistically represented
*in the staff's model by considering the approximate effects of the'
vertical and longitudinal distributions of life stage, age group
populations in the estuary, the physical operational characteristics
of the power plants, and'the plant survival percentages of the life
stages as they pass through the plant flow system.

(4) Longitudinal Convection

The actual hydrodynamic conditions in the Hudson River are dominated
by the semidiurnal tidal flow, even during periods of high net fresh-
water flow. Consequently, the actual motions of the striped bass
young-of-the-year age group populations, and particularly those of
the early life stages, are controlled by the tidal flow conditions
in the estuary.

Because the staff's present model, similar to the applicant's and
staff's earlier models, considers only tidal- and daily-averaged
one-dimensional conditions in the river, the formulation of longi-
tudinal convection is necessarily based on the net freshwater flow
in the estuary. Hence, for each discrete element of the model,
the convective transfer rates for the life stage, age group popu-
lations in and out of the element are formulated according to the
freshwater flow rates across the upstream and downstream enclosure
surfaces of the discrete elements. 2 3

(5) Longitudinal Transport

According to the fundamental hypothesis of the tidal- and daily-
averaged one-dimensional models, excluding the freshwater convective
transfer, the totality of the remaining effects that could result
in the displacement of the age group populations in the estuary
must be incorporated into the general formulation of the overall
longitudinal transport phenomenon. In the staff's computer simu-
lation model, three of these other fundamental effects that control



ES-577

-j

>jZ

C.) CL

0>0

-IJ

OPTIMUM PLANT SURVIVAL CONDITION
1.0 O i

,J

0.9F

0.8F

0.7

0.61

0.5F
i-.=
0

0.4-

0.3F

0.2F

0.1
I

f) I
70 75 80 85 90 95 100

TEMPERATU RE (OF)

Fig. B-33. Multiplicative factor employed in staff's model
thermal effects in plant survival percentage calculations.

for incorporating



B-104

the longitudinal transport are individually formulated, based on
(a) the tidal flow conditions, (b) vertical and lateral variations
in the distributions, and (c) the migratory behaviors of the older
age group populations in the estuary.

(a) Tidal Dispersion Transport

The averaging of the semidiurnal tidal conditions in an estuary
over the tidal cycle results in a longitudinal mixing-type trans-
port for passive organisms. This well-established phenomenon 4 0 ,41

occurs due to the velocity profiles and the vertical turbulent
eddy diffusion inthe estuary. For the early life stages (eggs,
yolk-sac larvae,' and post yolk-sac larvae), the tidal dispersion
effect contributes considerably to the overall longitudinal trans-
port, because these age group populations behave as passive orga-
nisms in the flow regimes of the estuary. The tidal dispersion
effect is formulated in the staff's model according to Bowden's42
analysis based on a constant dispersion coefficient value of 0.6,
a maximum local, tidal speed, and local depth.

The formulation of tidal dispersion transport employed in the
applicant's model is based on a longitudinally varying dispersion
coefficient that was previously determined for the modeling of the
salinity intrusion phenomenon in the Hudson River. The use of the
applicant's salinity dispersion coefficient results in longitudinal
transport fluxes that are approximately an order of magnitude
higher than the ones computed according to the staff's model near
the downstream end of the estuary. It should be realized that the
salinity intrusion dispersion coefficient is strictly limited to
salinity intrusion in the Hudson River, because it includes the
totality of stratification effects, two-layer conditions, and the
timewise, discontinuous, semidiurnal ocean salinity conditions in
an imbedded form in its definition.

The striped bass young-of-the-year age group populations in the
estuary do not behave like salt concentrations. Although there
exists evidence 3 8 that the longitudinal distributions of various
later-age group populations depend on the location of the salt
front, the three dominant phenomena which are essential for the
justification of the high salinity dispersion coefficient values
(stratification, two-layer conditions, and discontinuous ocean
salinity variations) do' not have similar counterparts associated
with the striped bass young-of-the-year populations. Hence, one
must conclude that the tidal dispersion transport model employed
in the applicant's analysis is not correct for the representation
of the tidal transport phenomenon for the age group populations.
However, it should also be pointed out that the inappropriate values
of the dispersion coefficient used may not introduce significant
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error in the results of the applicant's model. Because the salinity
intrusion dispersion coefficient starts at the correct tidal dis-
persion coefficient value at large distances upstream of the Battery
and reaches the high values only in the vicinity of the Battery,
the fact that the early age group population distributions are
concentrated at large distances from the Battery produces the
result that the effective values of the salinity intrusion disper-
sion coefficients, used in the evaluation of the transport fluxes,
do not deviate significantly from the correct tidal dispersion
coefficient values. Furthermore, by the time the striped bass
young-of-the-year population reaches the vicinity of the ocean end
of the estuary in substantial numbers, the migratory behavior, as
shoal preference, of the juveniles dominates the overall longi-
tudinal phenomenon and overcomes the effect introduced by the
applicant's parameterization of the tidal dispersion transport.
Nevertheless, this error of using high values for the dispersion
coefficient could conceivably result in excessive longitudinal
spreading of the age group populations along the downstream end
of the estuary and could thus cause undesirable discrepancies in
the simulation of the actual conditions by the applicant's model.

(b) Convective Defect Transport

Since the convective transfer rates are based on the tidal-averaged
and cross-sectional-averaged mean values of the age group popula-
tion densities, the actual existence of cross-sectional and tidal
variations in the population densities and the turbulent velocity
profiles along the vertical and lateral directions result inma
significant longitudinal transport effect due to the defect in the
formulation of the convective transfer rates in a tidal-averaged
one-dimensional model. Although the proper formulation of this
effect was included in the staff's model to enable the evaluation
of the associated transport fluxes based on the observed vertical
and lateral distributions of age group populations, this mechanism
was not used in applications because of the very limited and in-
adequate information about such distributions existing in the
summarized data. Rather, the overall effect of the vertical and
lateral variations in the age group population densities was assumed
ýto result in longitudinal convective defect-type transport fluxes
,similar to the ones for the net freshwater convective transfer. A
negative convective defect factor CDF*was introduced as a parameter
for each age group population to be determined from the results of
simulation'of the 1973 data. The staff's model was applied, with
the 1973 physical data and the plant operational conditions in the
estuary, in successive runs using values for the CDF of 0.0, 0.9,
0.4, and 0.8 to determine the particular value for this convective
defect transport coefficient, which produced the best simulations
of the 1973 longitudinal distributions of the age group popula-
tions in the river. The results showed that the CDF values of 0.0

*The convective transport defect factor has been abbreviated in the
text as CDF or CTDF.
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(indicating no convective defect transport) and 0.4 (moderate
convective defect transport) caused rapid flushing of the young-
of-the-year populations out of the river with poor simulations of
the 1973 distributions. The results with 0.8 and 0.9 values for
CDF both produced acceptable simulations of the longitudinal age
group population distributions within the accuracy bounds of the
observed data. The final choice of 0.8 for the value of this
parameter for the life stages - egg, yolk-sac larvae, and post
yolk-sac larvae - was made because its use produced a slightly
better simulation of the weekly averaged values for both the
longitudinal distributions and the standing crops for all age group
populations in the river for the period of May 1 to October 15, 1973.

Although the 0.4 value for the convective defect factor produced
unacceptable simulations, giving lower than observed age group
population densities according to the 1973 data, this parameter
value was also used for all the investigated cases of power plant
impact to illustrate the relative insensitivity to the absolute
numbers of the age group populations in the river of 'the appro-
priately defined percentage population reduction caused by the
power plant.

It should be pointed out that the 0.8 value employed in the staff's
model for the convective defect transport factor for all life
stages corresponds to the 0.2 value for the "transport avoidance
factor" for larvae used in the applicant's model. However, the
value of 0.58 used in the applicant's model for the "transport
avoidance factor" for eggs approximately corresponds to the 0.4
value of the convective defect transport factor employed in the
staff's analysis; hence, the freshwater convection of eggs in the
applicant's analysis is considerably higher than the values used
in the staff's model. Because the applicant has not presented
any simulations of the 1973 data using the stated values of the
particular parameter, it would be speculative at this time to
elaborate on the appropriate: values of this parameter for the
applicant's model. The staff's application of the model with CDF
value of 0.4 indicated that the longitudinal distributions of egg
population density did not deviate significantly from the result
obtained with the 0.8 value for CDF, because the duration of egg
life stage is relatively short in comparison to the duration of
the later life stages. However, it must be pointed out that,
depending on how one defines the percent. population reduction.due
to the power plants, overemphasis of the convective transfer in-
the model can cause an appreciable decrease in the value of the
percent reduction. This is due to reduced residence times in the
vicinity of the plants; hence, this error tends to underestimate
the impact due to the entrainmentand impingement damage.
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(c) Migratory Transport

The later life stages (Juvenile I, Juvenile II, and Juvenile III)
of the striped bass young-of-the-year tend to migrate to and re-
main in shoal areas in the river. Hence, after July, juvenile age
group populations start concentrating in Newburgh-Beacon, and par-
ticularly in Tappan Zee-Haverstraw Bay regions where ample shoal
areas exist for the populations. The available data 3 9 conclusively
indicate that, regardless of the freshwater flow convection and
tidal dispersion transport, juvenile populations tend to stay in
these areas by resisting the hydrodynamic conditions in the river.
Consequently, as a result of their physiological ability to swim
and because of their behavioral preference for shoal areas, an
additional longitudinaltransport effect becomes dominant in con-
trolling the longitudinal distributions of the populations.

The staff's computer simulation model incorporates this effect by
means of formulations based on the previously discussed gradient-
type laws for shoaling and crowding potentials. The net driving
potential for the migration is determined as a linear combination
of the two potentials with their associated weighting coefficients
(shoaling effect parameter and crowding effect parameter, respec-
tively). The values employed in the applications of the staff's
model are presented in Table B-26 for the three juvenile life
stages.

The transport rates across the enclosure surfaces of 'the discrete
elements are determined by considering the cross-sectional areas,
the net driving potentials, the distances between the elements,
tidal excursion length, maximum swimming speeds, and sustained
durations of swimming speed ability to resist the tidal flows
in the estuary. The details of the formulation of the migratory
transport model are presented in Ref. 23. The simulations of the
1973 data by the staff's model, employing the gradient law of
migratory transport, resulted in simulated longitudinal distribu-
tions of the juvenile age group populations which both qualitatively
and quantitatively agreed with the distributions indicated by the
beach-seine data. The model was particularly successful in iden-
tifying the areas of high population density in the river.

In summary, the formulation of the overall longitudinal transport
phenomenon in the staff's model uses the fundamental contributions
due to tidal dispersion and convective defect transport (due to
vertical and lateral variations in population densities) also
considered in the applicant's model. Furthermore, the model
realistically simulates the essential phenomenon of migration
as an additional transport effect in terms of the geometrical
and hydrodynamic conditions of the estuary and the capabilities
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and behavioral characteristics of the striped bass young-of-the-
year populations, without resorting to the artificial redistri-
bution of populations to the shoal areas employed in both the
staff's previous model and the applicant's model.

(6) Age Group Population Generation (Transfer) Rates

As discussed earlier, the staff's computer simulation model employs
continuous formulations for the transfer of populations between the
life stage. Hence, the local age group population generation rate
of a life stage is defined as the net effect of the instantaneous
survival percentage, continuous growth, and mortality rates that
influence the time rate of change of the age group population in
a discrete element, excluding the contributions of convection and
transport phenomena. It is defined for different life stages as:

Egg Population Generation Rate in the Element
- Egg Deposition Rate in the Element - (Survival

Percentage)(Egg Growth Rate in the Element) -

(1 - Survival Percentage)(Egg Mortality Rate
in the Element)

and for the yolk-sac larva to Juvenile III life stages:

Age.Group Population Generation Rate of a Life Stage
in an Element

= (Survival Percentage of the Previous Life Stage)
(Growth Rate of the Age Group Population of the
Previous Life Stage in the Element) - (Survival
Percentage of the Life Stage)(Growth Rate of
the Age Group Population of the Life Stage in
the Element) - (1 - Survival Percentage of the
Life Stage)(Mortality Rate of the Age Group
Population of the'Life Stage in the Element).

The effects of temperature and salinity conditions in the estuary
and the dependence of the percentage survival of the age group
populations on the local density of the particular life stage
(the density-dependent compensatory mechanisms) are incorporated
in the evaluations of the egg deposition rate and the growth and
mortality rates according to the descriptions presented in Section
B.4.b(2) above.

(7) Plant Reduction Rates

The staff's model considers the plant reduction by entrainment and
impingement, based on separate considerations of the intake, plant
flow system, and discharge conditions according to the following
procedure:
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1. Age group population densities at the intake of the power
plant are determined by multiplying the existing age group
population densities in the discrete element that contains
the intake by the specified intake density ratios (fI's)
for the life stages.

2. The intake densities thus obtained are multiplied by the
intake geometry factor for the power plant to include the
possible geometrical effect of the intake configuration.

3. For the existing conditions of temperature and salinity
in the discrete element containing the intake, the maximum
swimming speeds are calculated for all age group populations.
The intake densities are multiplied by the-appropriate in-
take density avoidance factors based on the ratios of the
swimming speeds to the intake velocity to determine the
reduced values of intake densities due to avoidance for
all ageigroup populations.

4. Based on the final values of intake densities obtained in
Item 3 and the plant flow rate specified by the operational
conditions, the rates of removal of all age group popula-
tions from the discrete element containing the intake are
determined.

5. Based on the teniperature conditions in the element of the
intake and specified plant temperature rise, the maximum
temperature in the plant flow system is determined. Based
on the maximum temperature value and the optimum survival
percentages, the adjustedplant survival percentages for
all age group populations are calculated.' The intake
densities obtained in Item 3 are multiplied by the plant
survival percentages to determine the discharge densities
for all'age group populations.

6. The discharge densities obtained in Item 5 are multiplied
by the discharge geometry factor for the power plant to
determine the final (reduced relative to the intake) values
for the age group population densities (of live organisms)
at the discrete element containing the discharge.

7. Based on the final values of discharge densities obtained
in Item 6 and the plant flow rate specified by the opera-
tional conditions, the rates of replenishment of each age
group population is determined for the discrete' element
containing the discharge.
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The calculated removal and replenishment rates for the discrete
elements containing the intakes and discharges of all the power
plants are employed in the general formulation of the staff's
model to calculate the age group population distributions in the
estuary.

(8) Operational Procedure of the Computer
Simulation Model

The staff's computer simulation model is based on the simple number
conservation principle for each age group population in each dis-
crete element. The associated computer code of the model system-
atically computes the following steps for determining the age group
population densities in the estuary:

1. Starts, the calculations either at the beginning of the
spawning period, without any striped bass young-of-the-
year in the river; or at any specified time with given
initial values for all age group population densities

in all the elements.

2. According to the input data, determines the natural physical
conditions in each element in the estuary.

3. According to the input plant operational conditions data,
corrects the temperature distribtitions based .on the plant
temperature rise values.

4. According to the specified biological input parameters,
calculates the egg deposition rates in all the elements.

5. According to the specified biological input parameters,
calculates the survival percentage, growth, and mortality
rates for each age group population in each element.

6. According to the specified net freshwater flow rates and
based on the geometric properties of the elements and the
age group population densities, calculates the net rates
of convective transfer of life stage, age group populations
between the adjacent elements.

7. According to the input physical data, employs the local
maximum tidal speed and depth values to determine the
tidal dispersion coefficients on the enclosure surfaces;
and based on the densities at the element surfaces, calcu-
lates the net transfer rates of the age group populations
due to tidal dispersion between the adjacent elements.
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8. According to the specified convective defect transport co-
efficient and the input physical data, calculates the net
transfer rates of the age group populations due to convec-
tive defect transport between the adjacent elements.

9. According to the input biological data and the physical
data about the estuary, employs the densities and calcu-
lates the net transfer rates of the age group populations
due to migratory transport between the adjacent elements.

10. According to the methodology in Section B.4.b(7) calculates
the net removal rates from the elements containing the in-
takes and replenishment rates at the elements containing
the discharges for the age group populations.

11. Sums all the rates for the life stage, age group populations
(calculated in Items 4 to 10) to determine the net time rate
of change of each age group population in each element.

12. According to the specified time step of computation,
advances the time; and based on the net time rates of
change of age group populations (calculated in Item 11),
computes the net changes that occurred in each age group
population in each element 'during the time step of the
computation period.

13. Adds the net changes (calculated in Item 12) to the popu-
lations from the previous time step to determine the new
age group populations and the densities in all the elements
at the end of the computational period.

14. If the new time values correspond to a new day, prints,
stores, or plots the computed age group population densi-
ties depending on the output form specified; if the new
time value does not correspond to a new day, repeat steps
2 through 13 above.

This outline of the computational model represents an overly sim-
plified presentation of the actual procedure, which is rigorously
described in Ref. 23.

Although the staff's model is capable of predicting daily distri-
butions of age group population densities in all 76 elements of
the estuary, the detailed results were averaged over weekly periods
and groups of five adjacent elements to render the computer simu-
lations consistent with QLM's reduction of the 1973 data.
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(9) Definition of Percent Reduction to Represent
the Impact of Power Plant Operation

The assessment of the entrainment and impingement impact of a power.
plant on the striped bass young-of-the-year population in the Hudson
River requires careful consideration of the definition of the re-
duction in populations by the power plant. In the staff's calcula-
tions of predicted reductions, the computer simulation, model was
employed twice for each set of input parameters to predict the
populations both without and with the power plant(s), under the
same natural physical conditions in the estuary. The computations
were extended until October 15; when the juvenile populations were
assumed to be sufficiently mature to avoid severe entrainment and
impingement at the power plants under normal physical conditions
in the estuary. In other words, the major damage to the young-of-
the-year populations was assumed to have already occurred before
the date by the operational conditions of the power plant(s) under
consideration. Although short periods of notable levels of im-
pingement do indeed occur after October 15 (particularly during
cold winter conditions), this additional reduction by impingement
was not included in the preliminary assessments of the power plant
impacts. Furthermore, after October 15, both the 1973 data and the
simulations by the staff's model indicated that the migratory trans-
port to shoal areas dominate the longitudinal distributions in the
estuary; this minimized the possibility of occurrence of significant
changes in the longitudinal distributions due to convection and tidal
dispersion in the river.

The net reduction by entrainment and impingement due to power plant
operation is defined as the difference (on October 15) between the
standing crop (total number of juveniles) for the simulation without
the plant and the standing crop for the simulation with the power
plant. The staff points out that this number does not necessarily
represent the actual physical reduction of organisms at any partic-
ular power plant site, because the depletion caused by other exist-
ing plants, the possible effects of density-dependent compensatory
mechanisms, and, most important, the natural mortality, will affect
the number left at any time after the entrainment period has ended.
However, although the net reduction depends on the date when it is
calculated, the percent reduction will remain relatively constant
after the period of entrainment and impingement, provided residual
density-dependent effects are not operative.

The definition of the percent reduction also requires careful con-
sideration in the choice of the denominator for the ratio. Sig-
nificantly different percent reduction values can be calculated
dependent on the base conditions chosen for use in the assessments
of the impact of the power plants. In the staff's analyses, three
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fundamental percent reduction definitions were employed: (a) per-
cent reduction based on hypothetical "clean river" conditions,
(b) percent reduction based on existing 1973 conditions, and (c)
percent reduction based on operation of all units at Bowline,
Lovett, and Roseton-Danskammer.

(10) Simulation of the 1973 Striped Bass Data

The staff's model was first employed to simulate QLM's reduction
of the 1973 data, which provided longitudinal distributions of
the striped bass young-of-the-year age group populations in the
Hudson River. The 1973 data was selected for two reasons: (a). the
applicant has indicated that the new data was significantly more
extensive and reliable than the existing 1967 and 1968 data, (b)
the staff's previous model (DES, IP-3, Appendix B, Section 3.6) was
already extensively applied to the 1967 and 1968 data.

As discussed in the earlier sections, the appropriate parameter
values in the staff's model were determined by the simulations of
the 1973 data. The model was first employed without the density-
dependent compensatory mechanism to determine the values for the
constant effective survival percentages and the convective defect
transport factors (CDF) for the life stages which produced the best
fit simulations of the 1973 data for the longitudinal distributions
of the age group populations in the river. The parameters for the
density-dependent compensatory mechanism were determined based on
the observed maximum density values of the age group populations
according to the 1973 data as discussed in Section B.4.b(2). The
computational simulations were repeated with compensatory mechanism
operational with the selected parameter values. The operational
power plants in 1973 were included in the simulations with intake
density ratios of unity for all age group populations. The results
of the staff's model (i.e., daily averaged age group population
densities in 2-mile long discrete elements) were averaged by week
and by 10-mile segment for comparison of the-simulations with the
distributions of age group populations according to the 1973 data.

Some of the representative cases with successful simulation are
presented in Fig. B-34, which shows egg, yolk-sac larvae, post
yolk-sac larvae and juvenile (as the sum of Juvenile IVs, Juvenile
II's, and Juvenile III's) life stage population distributions,
respectively. Although reasonable agreement between the simula-
tions and the 1973 data was achieved for the majority of the weekly
averaged distributions, it was impossible to attain consistent
agreement for all weekly distributions, particularly for the early
life stages. Some of the representative cases with unsuccessful
simulation are presented in Figs. B-35 and B-36 for the four age
group populations.



B-114

ES-578

o 2(

w

,,, I(

z

140 120 100 80 60 40 20 0

TROY DISTANCE FROM BATTERY (miles) BATTERY

Fig. B-34. Representative good comparison cases for young-of-
the-year population distribution.
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Fig. B-35. Representative bad comparison cases for young-of-
the-year population distribution (egg and yolk-sac larvae).
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Fig. B-36. Representative bad comparison cases for young-of-the-
year population distributions (post yolk-sac larvae and juveniles).
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It should be emphasized that- the discrepancies between the simu-
lations and the 1973 data are by no means solely the fault of the
model, considering the-problems relating to the 1973 sampling
program (see Chapter V).. However, for the assessment of the impact
of the proposed power plants, it is neither necessary nor possible
to achieve exact simulation of the longitudinal distributions of
the age group populations for all the weeks for which 1973 sampling
data are available. Interestingly enough, except for two weeks,
the best agreement between the computer simulations and the data
was achieved for the juvenile age groups with respect to both
qualitative and quantitative distributions. This result indicates
the probable validity of the potential law of the migratory transport
model. An alternate and less detailed comparison of the simulations
and the 1973 data is presented in- Fig. B-37 for the weekly standing
crop values for the age group populations in the estuary.

The general agreement between the simulations and the 1973 data is
quite acceptable except for the various peaks that occur, partic-
ularly in post yolk-sac larvae and juvenile distributions (Fig.
B-37); these peaks, in turn, lead to the occurrence of the same
peaks in the total standing crop distribution in Fig. B-38. Con-
sidering that the egg deposition had already stopped before the
occurrence of the earliest.peak, it is biologically impossible
for the total standing crop to increase in the estuary. Hence,
the two peaks that appear in the post yolk-sac larva and the
juvenile distributions are obviously due to sampling variation.
If the errors in the sampling are eliminated in the data, the
simulations by the staff's model of the weekly standing crop dis-
tributions are: very acceptable, particularly for the later life
stages (post yolk-sac larvae and juvenile age group) populations.

As discussed earlier, in the formulation of the compensatory mech-
anisms in the staff's model, the parameter values for the critical
densities were selected based on the observedmaximum densities of
the age group populations. These observed maximum values unfortu-
nately corresponded to the particular 'ata points which are suspect
due to sampling errors. Consequently, the choice of the critical
density parameters based on these apparently ambiguous data resulted
in model runs which did not show the intended effect of the popu-
lation density dependent compensatory mechanism in the simulation.
Since the computed age group population densities never exceeded
the assumed critical density values, the computer runs with the
compensatory mechanism operational actually resulted in simulations
using constant "optimum survival percentage" values. These cor-
responded to increases in the effective survival percentage values
from 60 to 66% for yolk-sac larvae, from 80 to 84% for post yolk-sac
larvae, from 90 to 92% for Juvenile I, and from 98 to 99% for
Juveniles II and III. Hence, the staff's analysis resulted in two
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sets of simulations - one corresponding to survival percentage
equal to "effective survival percentage" and the other to survival
percentage equal to "optimum survival percentage" computer runs.
The staff has recently rerun the simulation for a few cases with
more realistic parameters and the results are given in Section
V.D.2.d(3) (c)iii.

(11) Application of the Model to the Assessment of
Power Plant Impact

The staff's computer simulation model was applied to the assess-
ment of the entrainment impact of the existing and proposed power
plants on the Hudson River by considering the 12 cases for other
plants on the river and alternatives at Indian Point given in
Table B-29.

As discussed earlier, the best verification of the 1973 data was
achieved by selecting a value of approximately 0.8 for the con-
vective defect transport factor (CDF), indicating slow, downriver
convection of early life stages by the net freshwater flow. The
lower value of 0.4 for CDF resulted in rapid downriver convection
and loss of organisms out of the estuary, a result that is in
poor agreement with the observed distribution data. Nonetheless,
the results obtained using a CDF value of 0.4 are presented to
indicate some of the important properties of the simulations when
residence time in the Hudson.River of striped bass young-of-the-
year is assumed to be less in the model than indicated by field
observations.

Three base cases were considered: (1) the hypothetical clean
river, (2) 1973 conditions, (3) all power plants except Indian
Point Units Nos. 1, 2, and 3 and Cornwall. These cases were,
respectively, the first 3 of the 12 cases in Table B-29.

Model predictions of standing crops, reduction in standing crops,
and percent reduction in standing crops of the young-of-the-year
striped bass for the entire estuary on October 15 for two convective
defect transport factor values (0.8 and 0.4), for two intake density
ratio factor values (0.5 and 1.0), and with effective survival
percentage and optimum survival percentage values are given in
Tables B-30 to B-33. Results are presented using each of the three
base cases as a reference for each combination of convective defect
transport factor, intake density ratio factor and survival per-
centage.
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Table B-29. Description of the 12 cases for other power
plants on the river and alternatives at Indian Point

used in runs of the staff's young-of-the-year striped bass model

Total

Other 
Indian Point Unitb intake

Case plantsa Cornwall No. 1 No.. 2 No. 3 flow

(cfs)

1 _c-. . 0
2 1973 .. . . . 3,419

3 + - - - - - 5,723

4 + - OT OT 8,370

5 + - OT OT OT 10,308

6 + - OT CT OT 8,495

7 + - OT CT CT 6,692

8 + + OT OT OT 14,308
9 + + OT CT OT 12,495

10 -+ + OT CT CT 10,692

11 - OT OT OT 4,585

12 + , 4,000

aThe other plants are Albany, Danskammer (four units), Roseton

(two units), Lovett (five units), Bowline (two units), and 59th Street.
The 1973 conditions (Case 2) included Albany, Danskammer (four
units), Lovett (five units), Bowline (one unit), and 59th Street.

bOT = once-through cooling; CT = cooling tower.
CA minus sign indicates plants not included in the calculation, and a

plus sign indicates plants included in the calculation.

Certain properties of the simulations warrant special considera-
tion:

1. Comparison of the "Total Number" columns in Tables B-30 to B-33,
which give the standing crop of striped bass in the estuary on
October 15, show that the absolute numbers are approximately
30% higher with optimum survival percentage values than with
effective survival percentage values. Considering that the
optimum survival percentage values are at most only 10% higher
than the effective survival percentage values (66% compared
with 60% for yolk-sac larvae), the results indicate that the
final total standing crop numbers for the juveniles on October
15 are quite sensitive to the values of the survival percentages
of the life stages. However, no appreciable changes in the
percent reduction values are evident for the cases with effec-
tive survival percentage and optimum survival percentage com-
puter runs. Hence, these results suggest that with respect to



Table B-30. Relative impact in absolute standing crop numbers and in percent reduction forms for the 12 operational cases
with convective defect transport coefficient =0.8 and with effective survival percentages

Intake density ratio = 0.5 Intake density ratio = 1.0

Reduction for Reduction for Reduction for Reduction for Reduction for Reduction for
To tal case 1 case 2 case 3 Total case 1 case 2 case 3

Case number number
-6 Number Number Number -6 Number Number Number

(10-,) (1-6) Percent (1-6 Percent (1-6) Percent (10 ) (10)-6) Percent (10-6) Percent. (10o) Percent

1 18.1680 18.1680
2 15.3865 2.7815 15.31 13.2005 4.9675 27.34
3 14.3777 3.7903 20.86 1.0088 6.55 11.2036 6.9644 38.33 1.9968 15.12
4 12.3058 5.8622 32.27 3.0807 20.02 2.0719 14.41 8.7743 9.3937 51.70 4.4262 33.53 2.4293 21.68
5 11.1422 7.0258 38.67 4.2443 27.58 3.2355 22.50 7.6525 10.5155 57.87 5.5480 42.02 3.5511 31 ;.69
6 12.1117 6.0563 33.33 3.2748 21.28 2.2660 15.76 8.5939 9.5741 52.69 4.6066 34.89 2.6097 23.29
7 13.5768 4.5912 25.27 1.8097 11.76 0.8009 5.57 10.1874 7.9806 43.92 3.0131 22.82. 1.0162 9. *07
8 8.5228 .9.6452 53.08 6.8637 44.60 5.8549 40.72 4.9356 13.2324 72.83 8.2649 62.61 6.2680 55.94
9 9.4034 8.7646 48.24 5.983 1 38.88 4.9743 34.59 5.6901 12.4779 68.68 7.5104 56.89 5.5135 49.21

10 10.5728 7.5952 41.80 4.8137 31.28 3.8049 26.46 6.8035 11.3645 62.55 6.3970 48.46 4.4001 39.27
11 13.4186 4.7494 26.14 1.9679 12.79 0.9591 6.67 11.3041 6.8639 37.78 1.8964 14.36
12 13.8927 4.2753 23.53 1.4938 9.70 0.485 3.37 11.8730 6.2950 34.64 1.3275 10.05

I-..



Table B-31. Relative impact in absolute standing crop numbers and in percent reduction forms for the 12 operational cases
with convective defect transport coefficient = 0.8 and with optimum survival percentages

Intake density ratio =0.5 Intake density ratio = 1.0

-Reduction for Reduction for Reduction for Reduction for Reduction for Reduction for
Total* casel1 case 2 case 3 Total case 1 case 2 case 3

number0-6 Number Number Number nubr Number Number Number

(1-, Percent (l-" Percent (10-6) Percent (10 -16) Percent (10 _6) Percent (10~' Percent

1 23.4500 23.4500
2 19.8448 3.6052 15.35 17.0671 6.3829 27.21
3 18.5475 4.9025 20.90 1.2973 6.55 14.4456 9.0044 38.39 2.6215 15.35
4 15.8434 7.6066 32.43 4.0014 20.17 2.7041 14.57 11.3073 12.1427 51.78 5.7598 33.74 3.1383 21.72
5 14.3461 9.1039 38.82 5.4987 27.72 4.2014 22.65 9.8616 13.5884 57.94 7.2055 42.21 4.5840 31.73
6 15.6071 7.8429 33.44 4.2377 21.36 2.9404 15.85 11.0810 12.3690 52.74 5.9861 35.07 3.3646 23.29
7 17.5147 5.9353 25.31 2.3301 11.75 1.0328 5.56 13.1310 10.3190 44.00 3.9361 23.06 1.3146 9.10
8 10.9748 12.4752 53.19 8.8700 44.70 7.5727 40.82 6.3525 17.0975 72.91 10.7146 62.77 8.0931 56.02
9 12.1279 11.3221 48.28 7.7169 38.89 6.4196 34.61 7.3233 16.1267 68.77 9.7438 57.09 7.1223 49.30

10 13.6300 9.8200 41.87 6.2148 31.33 4.9175 26.51 8.7618 14.6882 62.63 8.3053 48.66 5.6838 39.34
1.1 17.3499 6.1001 26.01 .2.4949 12.58 1.1976 6.45 14.5931 8.8569 37.76 2.4740 14.49
12 17.944 3 5.5057 23.47 1.9005 9.59 0.6032 3.25 '15.3475 8.1025 34.55 1.7196 10.07



Table B-32. Relative impact in absolute standing crop numbers and in percent reduction forms for the 12 operational
cases with convective defect transport coefficient = 0.4 and with effective survival percentages

intaKe density ratio = 0.5 Intake density ratio -1.0
Case Total Reduction for Reduction for Reduction for Total Reduction for Reduction for Reduction for

number case 1 case 2 case 3 number case 1 case 2 case 3

(10-6) Number Number Number Percent (10-6) Number Number Number(10-) -6)be Percent (1 P)Percent (10-) e(1t6) Percent (1-) Percent (1-) Percent
(10)-6) (10-6) (10-6) (10-6) (10-6) (10.-6)

1 2.7332 2.7332
2 2.4273 0.3059 11.19 2.1694 ,0.5638 20.62
3 2.3045 0.4287 15.68 0.1228 5.05. 1.8906 0,8426 30.82 0.2788 12.85
4 2.0594 0.6738 24.65 0.3679 15.15 0.2451 10.63 1.5697 1.1635 42.56 0.5997 27.64 0.3209 16.97
5 1.8928 0.8404 30.75 0.5345 22.02 0.4117 17.86 1.3863 1.3469 49.27 0.7831 36.09 0.5043 26.67
6 2.0309 0.7023 25.70 0.3964 16.33 0.2736 11.87 1.5408 1.1924 43.62 0.6286 28.97 0.3498 18.49
7 2.2194 0.5138 18.80 0.2079 8.56 0.0851 3.69 1.7738 0.9594 35.09 0.3956 18.23 0.1168 6.17
8 1.6075 1.1257 41.19 0.8198 33.77 0.6970 30.24 1.0329 1.7003 62.20 1.1365 52.38 0.8577 45.36
9 1.7387 0.9945 36.38 0.6886 28.37 0.5658 24.55 1.1642 1.5690 57.40 1.0052 46.33 0.7264 38.41

10 1.8963 0.8369 30.62 0.5310 21.87 0.4082 17.71 1.3358 1.3974 51.12 0.8336 38.42 0.5548 29.34
11 2.1986 0.5346 19.55 0.2287 9.42 0.1059 4,59 1.9006 0.8326 30.46 0.2688 12.38
12 2.2685 0.4647 17.0 0.1588 6.54 0.036 1.56 1.9676 0.7656 28.01 0.2018 9.30

I---



*Table B-33. Relative impact in absolute standing crop numbers and in percent reduction forms for the 12
operational cases with convective defect transport coefficient = 0.4 and with optimum survival percentages

Intake density ratio =0.5 Intake density ratio =1.0

Reduction for Reduction for Reduction for Ttl Reduction for Reduction for Reduction for
Ttlcase 1 case 2 case 3 Ttlcase 1 case 2 case 3

Case number number
(1-) Nme ecn ubr Number -6) PubrNme Number-6be -6cet Nub Percent -6 Percent (106 Nube Pec n umbert 106 Prcn

(10) 6) (0 )- (10 -6 (10 ) ret (106) Pecn (1 6 Pret

1 3.4815 3.4815
2 3.0877 0.3938 11.31 2.7577 0.7238 20.78
3 2.9278 0.5537 15.90 0.1599 5.18 2.4003 1.0812 31.05 0.3574, 12.96
4 2.6141 0.8674 *24.91 0.4736 15.33 0.3137 10.71 1.994-1 1.4874 42.72 0.7636 27.69 0.4062 16.92
5 2.4010 1.0805 31.03 0.6867 22.23 0.5268 17.99 1.7575 1.724 49.51 :1.0002, 36.26 0.6428 26.77
6 2.5791 0.9024 25.91 0.5086 16.47 0.3487 11.90 1.9543 1.5272 43.86 0.8034 29.13 0.4460 18.57
7 2.8208 0.6607 18.97 0.2669 8.64 0.1070 3.65 2.2508 1.2307 '35.35 0.5069 18. 138 0.1495 6.22~
8 2.0397 1.4418 41.41 1.0480 33.94 0.8881 30.33 1.3085 2.1730 62.41 1.4492 52.55 1.0918 45.48
9 2.2080 1.2735 36.57 0.8797 28.49 0.7198, 24.58 1.4767 2.0048 57.58 1.2810 46.45 0.9236 38.47

10 2.4064 1.0751 30.87 0.6813 22.06 0.5214 17.80 1.6941 1.7874 51.34 1.0636 38.56 0.7062 29.42
11 2.7965 0.6850 19.67 0.2912 9.43 0.1313 4.48 2.4211 1'0604 "30.45 0.3366 12.20
12 2.8894 *0.5921 17.00 0.1983 6.42 0.0384 1.30 2.5025 0.9790 28.12 0.2552 9.25

I-.

Ln
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forecasts of percent reduction, the staff's young-of-the-year
computer simulation model is not very sensitive to the values
assumed for the overall probability of survival from egg to
juvenile.

2. The results in Tables B-30 to B-33 also indicate that percent
reduction is clearly a relative concept, depending on the base
case employed in the assessment of impact. For the most drastic
conditions (Case 8) of all plants operating, including Cornwall,
with once-through cooling at Indian Point Units Nos. 1, 2, and
3 and with (CDF, fI) = (0.8, 1.0), the percent reductions
become: 73% based on the hypothetical clean river conditions
(Case 1), 63% based on 1973 conditions (Case 2), and 56% based
on the condition of all plants in operation except Indian Point
Units Nos. 1, 2, and 3 and Cornwall (Case 3). Hence, depending
on the base case used, the percent reduction value can vary
appreciably.

3. The results for the low convective defect transport factor (CDF)
of 0.4 (Tables B-32 and B-33) indicate that the absolute
numbers for the standing crop of juveniles on October 15 and
the absolute numbers for reduction by the power plants are
generally 5 to 10 times lower than the corresponding numbers
for the 0.8 CDF value (Tables B-30 and B-31). This significant
difference illustrates that overestimation of convection by the
freshwater flow results in rapid movement of the striped bass
young-of-the-year down the river and out of the estuarine
system. However, the percent reduction values for the 0.4 CDF
value (Tables B-32 and B-33) are generally 30% less than the
values for the 0.8 CDF value (Tables B-30 and B-31). Thus, the
percent reduction values are relatively insensitive to the size
of the standing crop, which supports the argument that the
assessment of the entrainment impact on a relative scale does
not necessarily require very accurate knowledge of the absolute
standing crops in the river.

4. Although the percent reduction values are less sensitive to
the value of CDF than are the standing crop values, the decrease
in corresponding percent reduction values in going from Tables
B-30 and B-31 to Tables B-32 and B-33 is not trivial. These
decreases indicate the importance of adjusting the convective
defect transport factor (CDF) until the simulated longitudinal
and temporal distributions approximately correspond to the
observed distributions. Again, for the staff's model the
correspondence was much better with a CDF value of 0.8 than 0.4.

5. The staff's sensitivity analysis (Tables B-30 to B-33) indicates
that the single mo~t important parameter influencing the model
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predictions of percent reduction is the intake density ratio
(fi). Table B-34 gives approximate percent reduction values
for the 12 cases of other power plants on the river and alter-
natives at Indian Point, for CDF values of 0.4 and 0.8, for
each of the three base cases as the reference, and for f, values
of 0.2, 0.4, 0.6, 0.8, and 1.0. The percent reduction values
in the body of the table were estimated by interpolation from
Fig. B-32. As was pointed out previously in discussing Fig.
B-32, and as is indicated by the values in Table B-34, the
sensitivity of the percent reduction values to. f increases as
fI decreases.

In summary, the application of the staff's model (relying on the
1973 data to fix a number of the parameters) to the assessment
of the entrainment impact of the power plants on'the striped bass
young-of-the-year population results in percent reduction values
that are largely insensitive to modest variations in overall
survival probabilities, which are somewhat more sensitive to
changes in the assumed susceptibility to convective transport
and which are primarily controlled by the value of the intake
density ratio.



Table B-34. Effect of intake density ratio parameter on relative percent reduction

Convective defect transport coefficient = 0.8 Convective defect transport coefficient =0.4

Percent reduction Percent reduction Percent reduction Percent reduction Percent reduction Percent reduction

Case for case 1 for case 2 for case 3 for case 1 for case 2 for case 3

Intake density ratio Intake density ratio Intake density ratio Intake density ratio Intake density ratio Intake density ratio

0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

1

2 12 18 22 24 27 9 14 17 19 21

3 16 25 31 35 38 6 10 12 14 15 13 20 25 29 31 S 9 10 12 13

4 22 344147 5214 2227 3134 914 172202218 28 344043 121822226 28 711 1416 17

5 24 38 46 53 58 1 8 28 34 39 42 13 21 25 29 32 21 33 40 46 50 15 24 29 33 36 11 18 22 25 27

6 22 3542 4853 1523 2832 3510 151921 2318 29 3540 44 12192327 29 813 1517 19

7 18 29 354044 1015 1821 23 4 67 8915 23 28 3235 812 141718 3 4 5 6 6

8 31 48 58 6673 26 415058 63 24 37 45 51 56 2641 5057 6222 3542 49 53 19 30 3641 45

9 29 45 55 63 69 24 38 46 52 57 21 33 40 45 49 24 38 46 53 58 19 30 37 42 46 16 25 30 35 38

10 26 41 50 57 63 20 32 39 45 49 17 26 31 36 39 21 34 41 47 51 16 26 31 36 39 12 19 23 27 29

11 16 25 30 34 38 6 10 12 13 14 *4a 6 a 7 a 9a 13 202428 30 5 8 10 11 12 3a 4 a 5a 6 a

12 15 23 2832 35 4 7 8 9 10 2 a 3 a 4 a 4 a 12 182326 28 4.6 7 8 9 1 a a 1 a 2 a

aEvaluated ftrom intake density ratio =0.5 values instead of 1.0.

td-
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c. Striped Bass Life-Cycle Population Model

(1) Introduction

The life-cycle population model is based on Leslie's43,44 deter-

ministic, discrete-time model, which incorporates age-dependent

fecundity and survival. 4 5 ,46 The staff has assumed that the

population has a constant sex ratio and that there are always
sufficient males to fertilize the eggs spawned by the females.

Under these assumptions the model needs to deal only with female

striped bass. Similar techniques were used by Sommani4 7 in a
population model for striped bass in the San Francisco Bay estuary.

The time and age intervals both have a duration of a year. Aging

(i.e., formation of the annulus or annual growth ring on the

scales) and recruitment to the fishery (i.e., attaining a size

large enough that the fish are included within that component of

the population that legally can be fished) are assumed to occur
immediately prior to spawning at the start of each striped bass
year, which runs from one May 15 to the next.

The female striped bass population is divided into 16 annual age
groups, with the oldest age group including all fish 15 years and
older. The age distribution vector for year t, n(t), gives the
number of females in each of the 16 age groups (Fig. B-39).

The survival-fecundity matrix for year t, A(t), is a 16 x 16

matrix having fecundity values in the first row, survival prob-
abilities along the subdiagonal and in position (16,16), and all

other elements equal to zero (Fig. B-39). The element fi denotes

the average number of mature "female eggs" in the ovaries of a

-female upon entering age class i at the beginning of year t. The
element Pi denotes the probability that a female in age class i
at the start of year t will survive to the start of year t+l.

The age distribution vector, n(t+l), for year t+l is calculated

by matrix multiplication (Fig. B-39).

Figure-B-40 is an alternative representation of this matrix

equation. Aging transfers occur yearly and are represented by

the transfer arrows down the diagonal. As females become sexually
mature (e.g., as 4-year-olds), they add to the complement of eggs

spawned at the start of each year, as represented by the upward-

directed arrows to the egg compartments. The total complement of

eggs represents the input to the 0-year-olds at the start of the

year. Natural mortality losses (e.g., mortality due to predation,
disease, and parasites) occur for each age group. In addition,
there is mortality of 0-year-olds due to entrainment and impinge-
ment by power plants and there is mortality of older fish due

to fishing. Mortality losses and aging transfers occur first,

followed by spawning;
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Fig. B-39. Formulation of the life-cycle model as a deterministic,
discrete-time model incorporating age-dependent fecundity and survival.
The diagram at the bottom defines the age and times associated with the
elements of the age vector, n(t), and the Leslie matrix, A(t). The first
subscript on the elements of the age vectors denotes age and the second
subscript denotes year.
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Fig. B-40. Box and arrow diagram illustrating aging transfers, production
of eggs by mature females and losses due to natural mortality, fishing mortality,
and entrainment and impingement.



B-132

All fish population sizes are controlled, in part, by density-
dependent mechanisms whose proportionate effectiveness in reducing
population growth increases or decreases as the size of the popu-
lation increases or decreases.4 8 The striped bass populations of
the Atlantic Coast and the San Francisco Bay estuary appear to be
controlled primarily by density-dependent fishing mortality.49

However, the possibility that natural, density-dependent mechanisms
may play some role in controlling the populations (or 'more likely,
would play some role in controlling the populations at higher pop-
ulation densities) cannot be discounted. On the basis of data
available for other fish populations (e.g., the striped bass in
the San Francisco Bay Estuary4 7 ) and in line with the thinking of
Ricker, 4 8 ,50 Backiel and LeCren, 5 1 and others, the staff envisions
natural, density-dependent mechanisms operating primarily on the
fish in age class 0.

Detailed discussion of the elements of the fecundity-survival
matrix is given in the following subsections.

(2) Fecundity

The quantities fi (i=1,15) in the first row of the matrix A(t)
(Fig. B-39), where fi is the average number of mature "female
eggs" in the ovaries of a striped bass upon entering age class i
at the beginning of year t, are calculated as:

f. = FF * FMAT. * EGGS. * , (i)1 1 1

where FF, a constant parameter, is the probability that a fertil-
ized egg will develop into a female; FMATi, a constant parameter
for each age class, is the probability that a female is sexually
mature as she enters age class i; and EGGSi is the average number
of mature eggs in the ovaries of a sexually mature female upon
entering age class i.

The average number of mature eggs in the ovaries of a sexually
mature female upon entering age class i is calculated as:

EGGSi =.B 1 + [B 2 * (WT. - WTMEAN)] , (2)

where WTi is the average weight of a female at the ith annulus
formation, WTMEAN is the sample mean weight of the females from
all age classes upon which the regression analysis is based, and
B1 and B2 are the intercept and slope, respectively, of the
straight line equation. 5 2

The star symbol (*) denotes multiplication.
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The average weight of a female at the ith annulus formation, WTi,
is estimated using the allometric relationship:

LOG1 0 (WTi) B 3 + [B 4 * LOG 1 0 (LENGTHi)] , (3)

where LENGTHi is the mean total length of a female at the ith
annulus formation and B3 and B are the intercept and slope,
respectively, of the straight line equation. 5 3

The mean total length of a female at the ith annulus formation,
LENGTHi, is estimated as:

LENGTH. = ACON + (B * AGE.) + [C * (AGE.2)] , (4)

where AGEi is the age in years of a fish at the ith annulus for-
mation and ACON, B, and C are the coefficients of the quadratic
regression model, which was selected because it adequately char-
acterized available data.

(3) Probability of Survival for Age Classes 1 to 15+

The elements p. (i=1,15) in the matrix A(t) (Fig. B-39)', where pi
is the probabiiity of survival from all causes of mortality for
female striped bass in age class i, are calculated as:

Pi[TOTP(t)] = PNS. * PSF.[TOTP(t)] , (5)

where PNSi is the probability of survival from death by natural
causes for a female striped bass in age class i, and PSFi is a
function of the total female biomass legally available to the
fishery at the start of the current year, TOTP(t), and represents
the probability of survival from death by fishing for a female in
age class i during year t.

(a) Natural Mortality

The probability of survival from death by natural causes for a
female striped bass in age class i, PNSi, is:

-M.
PNS. e 1, (6)

where Mi is the instantaneous natural mortality rate. The term
instantaneous (natural, fishing, or total) mortality rate is used
throughout-this paper in a manner consistent with the fisheries
literature 50 but confusing to many. These "rates" have the
dimensions of 1/time and not number of fish dying per unit time.
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These "rates" are analogous to the rate constants or rate coeffi-

cients commonly encountered in first-order rate equations, e.g.,

N(t) = N(to) * e-r(t-to) = N(t )e-r when t - to = 1 year, where N

is number of organisms and r. is the rate constant. PNS. is assumed

to be a constant from year to year within each age class from 1 to

15+, although it may vary from age class to age class. More ex-

plicitly, the staff has assumed that for age classes 1 to 15+,,

sources of natural mortality are not significantly density-

dependent under typical field conditions.

(b) Biomass Available to the Fishery

The total female biomass legally available to the fishery at the

start of the current year, TOTP(t), is calculated as:

15
TOTP(t) = Z WT * CATCH. * n (7)1 1 1 i,t

where WT. is the average weight of a female as she enters age

class i tEq. (3)]. CATCHi, a constant parameter for each age class,

is the effective fraction of fish in age class i at the beginning

of the year legally available to the fishery; it is approximated
as the fraction of the year for which the average length of fish
in age class i is greater than or equal to the minimum legal

length, LEGAL. The notation, ni t' denotes the number of females

in age class i at the start of y ar t. The female biomass is

assumed to be a constant proportion of the total biomass for both

sexes. For the pivotal age class (i.e., i such that LENGTH. <1

LEGAL < LENGTHi+I), WTi is set equal to the weight corresponding

to the length LEGAL as calculated using Eq. (3).

(c) Fishing Mortality

The probability of survival from fishing, PSFi[TOTP(t)], is cal-

culated as:

PSF.i [TOTP(t)] = 1.0 - FCATCHi iVULN. * Q.0 e JFOFB[TOTP(t)]

(8a)

CATCHi is defined in Eq. (7); FOFB[TOTP(t)] is the instantaneous

fishing mortality rate without reference to age class; and VULNi,

a constant parameter for each age class, is the relative vulner-

ability to the fishery of a female in age class i. Although

adequate data are lacking, fishermen's comments indicate that

striped bass run in schools according to age and that there is
relatively little variability in the size of fish in a school.
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As a result, because there are more younger striped bass, larger
schools tend to consist of younger striped bass. Since fishermen
tend to be more aware of larger schools, VULNi is assumed to
depend primarily on school size and decreases with increasing age
according to the number of fish in each age class. However, due
to the lack of adequate data, the staff is unable to evaluate the
validity of these statements and to translate them into mathemat-
ical terms. Thus, VULNi has been set equal to 1.0 for each age
class and has not been included in the computer program. Further
assessment of this parameter is much needed.

For all but the pivotal age class (i.e., i such that LENGTH. <
LEGAL < LENGTHi), Eq. (8a) reduces to

- FOFB[TOTP(t)]
PSF. [TOTP(t)] = eFt (8b)

because CATCH. = 1.0, and VULN. is assumed to equal 1.0.1 1

The following assumptions might be made with respect to the
dependence of fishing mortality on the size of the legally fish-
able striped bass population:

1. Fishing mortality may be divided into two components,
a density-independent component and a density-dependent
component.

2. The density-independent component, which by definition
is not strongly influenced by the size of the fishable
striped bass population, constitutes a background fishing
mortality. This background fishing mortality arises from
two sources:

(a) Fishing effort not directed just at striped bass (i.e.,
both commercial and sport fishing effort directed at
whatever species are available, be they shad, blue-
fish, weakfish, or striped bass).

(b) Striped bass directed fishing effort that is not overly
sensitive to the number of striped bass available (i.e.,
the hard-core and habitual striped bass fisherman).
The temporal and spatial distribution of the striped
bass migratory stocks are commonly known (e.g., October
and November are generally the best time for striped
bass fishing along the south shores of Long Island),
and thus, fishing effort will be high at that location
and time over a broad range of sizes of the striped
bass population.
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3. The density-dependent component of the total fishing
mortality is a function of the size of the fishable
population, primarily in terms of its weight rather
than the number of fish and primarily in terms of the
size of the fishable population for the current year.
Conversations with sport fishermen on Long Island indi-
cate that the response time to news of good striped bass
is a matter of hours to days... The following assumptions
have been made with respect to this density-dependent
component:

(a) for population sizes greater than some minimum (below
which the fishing is not good enough to significantly
influence the fishing effort directed at striped bass),
the individual fish's probability of surviving fishing
steadily decreases with increasing population size.
This relationship exists because high density in
striped bass populations is associated with increased
vulnerability to the fishery due to larger scale
schooling and because high levels of abundance of
striped bass cause increased fishing effort,. which
in turn increases fishing mortality.

(b) a minimum probability of surviving fishing is approached
asymptotically and depends on the maximum effort that
can be expended, which in turn depends on the number
of fishermen and boats available.

One function which incorporates these assumptions is Eq. (9)
(Fig. B-41):

FMIN, if TOTP(t) < BMIN

FOFB[TOTP(t)] = FMIN * FMAX

FMIN + (FMAX - FMIN) * e

if TOTP(t) > BMIN (9)

TOTP(t) is defined by Eq. (7); BMIN is the minimum biomass avail-
able to the fishery below which striped bass directed fishing is
assumed to be independent of TOTP(t), and its effects on fishing
mortality are included in FMIN; PFCON is a measure of the sensi-
tivity of the striped bass directed fishing effort to changes in
available biomass; FMIN is the minimum instantaneous fishing mor-
tality rate; and FMAX is the maximum instantaneous fishing mortality
rate.
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Graphs of the instantaneous fishing mortality rate and the prob-
ability of survival from fishing for age group i during year t
versus the biomass available to the fishery at the start of year t
are given in Figs. B-41 and B-42. The maximum probability of sur-
vival, PMAX, corresponds to the background or minimum instantaneous
fishing mortality rate, FMIN, and the minimum probability of sur-
vival, PMIN, corresponds to the maximum instantaneous fishing
mortality rate,- FMAX.

The parameters FMIN and FMAX in the fishing control function (Eq.
9) are determined by specification of PMAX and PMIN, respectively.
PFCON and BMIN are uniquely determined by requiring that the fish-

ing survival function pass through the two points, (TOTPI, PSFl)

and (TOTP2, PSF2) (Fig. B-43).

TOMPI is the minimum biomass actually available to the fishery
within, for example, the last 10 years; if estimates of the size
of the fishable population are not available, this parameter may
be estimated as some function of the yield to the fishery.

TOTP2 is calculated from TOTPM as:

TOTP2 = RATIO * TOTPM (10)

where RATIO is the average ratio of the maximum to the minimum
biomass available to the fishery within, for example, 10- to 20-
year periods. PSFI and PSF2 are determined by specifying the
parameter D, which defines the middle fraction (or percentage) of
the interval PMIN to PMAX corresponding to the interval TOTPM to
TOTP2 on the X axis (Fig. B-43). The interval PSFl to PSF2 is
centered about the average of PMIN and PMAX; that is,

PSF1 = (PMAX + PMIN)/2 + D * (PMAX - PMIN)/2 , (lla)

PSF2 = (PMAX + PMIN)/2 - D * (PMAX -. PMIN)/2 . (llb)

Equation (8b), after substituting Eq. (9) for FOFB[TOTP(t)], is
solved for PFCON and BMIN by setting up two simultaneous equa-
tions, one for the point (TOTPI, PSFI) and the second for the
point (TOTP2, PSF2). The equations for PFCON and BMIN are:

PFCON = -Z2 * (Z2 - Zl)/[TOTP2 *(Z2 - ZI) - (TOTP1 * Z2 - TOTP2
* Zl)] , (12a)

BMIN = (TOTPI * Z2 - TOTP2 * Zl)/(Z2 - Zl) , (12b)

where Zl and Z2 are intermediate variables defined as:
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Fig. B-41. Curve for the instantaneous fishing mortality rate

during year t as a function of the female biomass available to the
fishery at the start of year t. A logistic relationship has been
assumed.
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Fig. B-42. Curve for the probability of survival from fishing
for age class i during year t as a function of the female biomass
available to the fishery at the start of year t.
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Fig. B-43. illustration of the approach used to determine
the parameters PFCON and BMIN by requiring that the fishing sur-
vival curve pass through the two points (TOTPl, PSFl) and (TOTP2,
PSF2).
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Zl = LOGe I(FMIN * FMAX - FMIN * FOFBl)/[(FMAX - FMIN) * FOFBl],

(13a)

Z2 LOG I(FMIN * FMAX - FMIN * FOFB2)/i(FMAX - FMIN) * FOFB2]f
e

(13b)

FOFBI and FOFB2 are the instantaneous fishing mortality rates
corresponding to PSFI and PSF2, that is,

FOFBI = -LOG e(PSF!) , (14a)

FOFB2 =-LOG (PSF2) (14b)e

In summary, the four parameters in Eq. (9), FMIN, FMAX, PFCON, and
BMIN, are determined by specifying the five parameters PMAX, PMIN,
TOTPl, RATIO, and D.

The fishing mortality function acts as follows (Figs. B-41 and

B-42). If the available biomass, TOTP(t), increases over the
years, the instantaneous fishing mortality rate increases, and
the probability of survival from fishing decreases because of an
increase in striped bass directed fishing. When the mortality
rate becomes high enough, the size of the population and the bio-
mass available to the fishery decrease, which in turn leads to a
decrease in striped bass directed fishing and in the fishing mor-
tality rate and an increase in the probability of survival from
fishing. The reduction in striped bass directed fishing allows
the population to recover, and the available biomass increases

again.

In summary, the number of i+l-year-old fish at the start of year
t+l, ni+l,t+l, is calculated from the number of i-year-old fish

at the start of the year t, n it, as follows:

ni+,t+l-= nt * pi (TOTP(t)] = nit * PNS. * PSF. i[TOTP(t)].

(15)

The independent variable in this feedback control function is
TOTP(t), the female biomass available to the fishery at the start
of the current year. Alternative independent variables were con-
sidered that made the instantaneous fishing mortality rate a
function not of the available biomass for the current year but
of the yield to the fishery over the previous 1, 2, or 3 years.
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Conversations with striped bass fishermen and researchers at the
New York Ocean Science Laboratory at Montauk,. Long Island, have
convinced the staff that the commercial and sport fisheries re-
spond to changes in availability of striped bass in a matter of
days and that the previous years' yields have little to do with
the current years' striped bass directed fishing effort. The
commercial fishermen fish for what is available, be it bluefish,
weakfish, or striped bass; the fishermen's boats and nets are not
idle just because the availability of striped bass is low.

(d) Yield'to the Fishery

Although the yield to the fishery is not a variable in the fishing
mortality function just described, yield is a variable of consider-
able interest, which the staff estimates as follows:

15 Z [TOTe(t)]

YIELD[TOTP(t)] = CATCH. * n1* i

* (SBFi[TOTP(t)]/Zi [TOTP(t)]) * AVWT. (16a)

where

Z.[TOTP(t)] = -LOG {PNS. * PSF. [TOTP(t)]} (16b)1e 1 1

and

SBF.i[TOTP(t)] = -LOG e{PSFi [TOTP(t)]} . (16c)

YIELD[TOTP(t)] is the yield of female striped bass to the fishery
during year t; CATCHi * nit is the number of fishable females in

-Z [TOTP(t)]age class i during year t; and l-e i t is the probability
of mortality, considering all causes, for a female in age class i
during t, where Zi[TOTP(t)] is the instantaneous total mortality

1 . -Z [TOTP(t)])
rate. Thus, the product CATCH * nit * (l-e i )]is the
number of fishable females in age class i that die during year t.
Multiplication of this number by the ratio of the instantaneous
fishing mortality rate, SBFi[TOTP(t)], to the instantaneous total
mortality rate (i.e., SBFi[TOTP(t)]/Zi [TOTP(t)]) gives the number
of fishable females in age class i that die during year t because.
of fishing.- As-Ricker 5  points out, this ratio of instantaneous
mortality rates as an estimate of the fraction of fish that die
due to fishing "pertains, strictly speaking, only to the situation
where fishing and natural mortality are distributed proportionately
within the year" (p. 26).
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AVWTi in Eq. (16a) is the weight of fish in age class i correspond-
ing to the average age, AGEMIDi, of fish in age class i susceptible
to the fishery. For AGE, greater than the pivotal age class, JYR,
AGEMIDi = AGEi+l - 0.5. For the pivotal age class AGEMIDi =
AGEi+1 - CATCHi/2; that is, the age at the end of the year minus
one half the fraction of the year for which the average length of
*fish in age class i is greater than or equal to the minimum legal
length, LEGAL. AGEMIDi values are used in Eq. (4) to calculate
MIDLEN. values (the length of fish in age class i corresponding
to the average age of fish in age class i susceptible to the
fishery), which in turn are used in Eq. (.3) to calculate AVWT.1
values.

(e) Spawners and Recruits

Two variables of interest in evaluating the dynamics of a fish
population are the number (or weight) of spawners and recruits.
The staff estimates the number of spawners, RSN(t), as

15
RSN(t) = FMAT. * n (17a)1 1 i,t'

and the weight of spawners, RSWT(t), as

15
RSWT(t) = E WT. * FMAT. * n . (17b)

where FMATi and WTi are the probability of being sexually mature
and the average weight, respectively, of a female striped bass
as she enters age class i.

Recruitment to the fishery is continuous throughout the year due
to the fish in the pivotal age class (i.e., i such that LENGTHi <
LEGAL < LENGTHi+. ) having a distribution of lengths. The staff has
approximated continuous recruitment in its discrete-time model by
assuming that an effective fraction of the females, CATCHi, enter-
ing the pivotal age class can be considered recruited at that time.
The fish in the nonrecruited fraction, (I.0-CATCHi), that survive
to enter the next age class, i+l, are assumed to be recruited upon
entering age class i+l. Thus, the staff estimates the number of
recruits, RCRTN(t), as

RCRTN(t) = [CATCH *. nit] + [PNSi * (1-CATCH.) * n. (18a)
I 1' it
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and the weight of recruits, RCRTWT(t), as

RCRTWT(t) = [WTi * CATCH.i n J + [i-i

* PNS. * (1.0-CATCHi) * n. 1 , (18b)

where i is the pivotal age class; CATCH. is the effective fraction

of fish in the pivotal age class at thebeginning of the year.
legally available to the fishery; PNSi is the probability of sur-

vival from death by natural causes for the pivotal age class; WTi
is the weight of a female corresponding to the legal length, LEGAL,

as calculated using Eq. (3); and WTi+i is the average weight of a

female at the i+lth annulus formation.

(4) Probability of Survival for Age Class 0

The staff has estimated the element po in the matrix A(t) (Fig. B-40)

without density-dependent mechanisms. See Section V.D.2.d(3)(c)(ii)
for a discussion of possible density-dependent mechanisms for young-
of-the-year striped bass.

The probability that a female egg in age class 0 at the start of

year t will survive to the start of year t+l, denoted po, is cal-

culated as:

P = PPO.* PNS .(19)

PNS 0 , the probability of survival from causes of natural mortality
for a female striped bass in age class 0, is presumed constant from

year to year, independent of n t and of the number of striped bass
in any other age class. PPO is an adjustable constant used to

change po by specifying a fractional change in PNS 0 . Alternatively,
PPO is the probability of surviving (or not experiencing) entrain-
ment and impingement at power plants. A range of PPO values is
used in order to evaluate what happens to the fishery and to the
striped bass population when density-independent sources of mor-

tality that act on the zero age class, such as power plant entrain-

ment and impingement,.are introduced at different levels.

(5) Estimation of Parameters

Estimates for the 47 input parameters in the staff's striped bass

life-cycle model are given in this section. In some cases a single
estimate (best estimate) is given. In the majority of cases, how-

ever, three estimates are given: best estimate, minimum, and max-
imum. Best estimates reflect the staff's best judgment based on
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presently available information; in some instances, best estimates
have a relatively sound basis in a least squares fit to observed
data, while in other instances best estimates are more indirectly
based on data. The minimum and maximum estimates reflect the
staff's degree of uncertainty in the corresponding best estimate.
The parameter estimates are discussed under three headings:
Fecundity Parameters, Probability of Survival for Age Classes 1
to 15+, and Probability of Survival for Age Class 0.

(a) Fecundity Parameters

(i) FF

A value of 0.5 for the probability that a given fertilized egg
will develop into a female has been used for all runs.

(ii) M

Estimates of the probability that a female striped bass in the
Hudson River is sexually mature as she enters age class i are
given in Table B-34. The most reliable criterion for classifying
a female striped bass as sexually mature or immature proved to be
the ratio of the weight of the ovaries to total body weight. 3 9

Unfortunately, the sample size of three for 6-year-old' fish is
not adequate to accurately estimate the percentage mature of this
pivotal age class. Perhaps of even greater significance for
accurately estimating the FMATi values is that the percent of
females in each age class in the Hudson River in the spring that
are mature may be greater than- the percent of females in the
corresponding age class in the total population. This is because
of a greater tendency for mature females to migrate upriver in
the spring and, therefore, to be caught in gill nets. Data are
not available to quantify this possible bias in FMATi values.
Minimum, maximum, and best estimates of the FMATi parameters are
given in Table B-36; the best estimates correspond to those in
Table B-35.

(iii) B1 , B2 , and WTMEAN

Estimates of the three parameters in the regression model relating
average number of eggs produced and presumed to be spawned by a
sexually mature female after entering age class i, EGGSi, and the
average weight of a female at the ith annulus formation, WTi, 'are
given in Fig. B-44. The staff has not examined the consequences
of changing these three parameters independently of changing B
and C in the LENGTH-AGE regression.
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Table B-35. Ovary/total body weight ratios and percent mature of age groups 3-14
for 57 striped bass collected March-May, 1973, in the Hudson River

Age
(years) Month Sample size Ovary/total body weight ratio Percent mature

3 April 1 1/215 0

4 March 7 1/258 0
April 1/96, 1/119, 1/121, 1/179, 1/182, 1/195

5 March 9 1/106, 1/157 0
April 1/101,1/119, 1/128, 1/154, 1/155, 1/162, 1/182,

6 March 3 1/86,1/139 67May 1/16
7 April 8 1/10,1/18,1/21 100

May 1/11, 1/16,1/18, 1/37,1/37

March 1/90
8 April 15 1/7, 1/10,1/9, 1/9, 1/11, 1/11, 1/13, 1/15, 1/23 100

May 1/10,1/11,1/11,1/12,1/14

9 April 9 1/8, 1/9, 1/9, 1/11, 1/11, 1/14 100
May 1/7,1/8,1/8

10 April 3 1/10 100

May 1/6,1/11

11

12 May 1 1/20 100

13

14 April 1/10

Source: "Hudson River Ecological Study," Texas Instruments, Second Semiannual Report, November 1973, Table V-I 5.
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Table B-36. Minimum, maximum, and best estimates of FMAT and PNS
for age classes 0 to 15

FMATa PNSb
Age
class Best Minimum Ma Best Minimum Maximum

estimate 
estimate

0 0.0 0.0 0.0 c c c

1 0.0 0.0 0.0 0.4 0.2 0.6

2 0.0 .0.0 0.0 0.6 0.4 0.8

3 0.0 0.0 0.0 0.8 0.6 0.9

4 0.0 0.0 0.0 0.8 0.6 0.9

5 0.0 0.0 0.5 0.8 0.6 0.9

6 0.67 0.0 1.0 0.8 0.6 0.9

7 1.0 0.5 1.0 0.8 0.6 0.9

8 1.0 1.0 1.0 0.8 0.6 0.9

9 1.0 1.0 1.0 0.8 0.6 0.9

10 1.0 1.0 1.0 0.8 0.6 0.9

11 1.0 1.0 1.0 0.8 0.6 0.9

12 1.0 1.0 1.0 0.8 0.6 0.9

13 1.0 1.0 1.0 0.8 0.6 0.9

14 1.0 1.0 1.0 0.8 0.6 0.9

15 1.0 1.0 1.0 0.8 0.6 0.9

aprobability that a female is sexually mature as she enters the given age class.
bProbability of survival from causes of natural mortality.
cSee Section B.4.C.(4).
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Fig. B-44. Relationship between total body weight (kg) and
estimated number of eggs for 39 striped bass collected in Hudson
River, 1973. B1 = 1.38 X 106 eggs from a 17.62-lb female;
B2 = 161.0 eggs/g 73,030 eggs/lb of female; WTNEAN = 7.9919 kg
= 17.62 ib; N = 39; r 2 = 0.76; and r = 0.87. This figure corre-
sponds to Fig. V-14 in "Hudson River Ecological Study," Texas
Instruments, Second Semiannual Report, November 1973.
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(iv) B 3 and B"

Estimates of the two parameters in the regression model relating
average weight of a female at the ith annulus formation, WTi,
and mean total length of a female at the ith annulus formation,
LENGTHi, are given in Table B-37. The staff used the estimates
given for females in running the model; the staff has not examined
the consequences of changing B 3 and B4 independently of changing
B and C in the LENGTH-AGE regression.

Table B-37. Total length/weight relationships of
striped bass in the Hudson River,

April-September 1972

Note: log 10 weight = B3 + B4 (log10 length), a = intercept, c slope, and r
correlation coefficient; length is in millimeters and weight is in grams.

Sex Region Sample B3  B4size

Male Combined 51 -4.880 2.956 0.993
Female Combined 31 -5.340 3.130 0.995

Young-of-the-year 1 816 -4.956 2.978 0.953

2 179 -4.653 2.821 0.987
3 125 -4.723 2.847 0.984

Total 1120 -4.886 2.940 0.960

Source: Modified from Table V-59 in "Hudson River Ecological Study,"
Texas Instruments, First Annual Report, April 1973.

(v) ACON, B, and C

Mean calculated total lengths (mm) at annulus formation, based on
a composite sample of male, female, and immature striped bass col-
lected in the Hudson River during April to September 1972, are
given in Table B-38. The staff fitted a quadratic regression
model to these data. Because the estimate of the intercept param-
eter, ACON, did not differ significantly from zero, this parameter
was dropped from the model and a second regression analysis was
performed. The quadratic model was selected because it adequately
characterized the data (r = 0.998). The staff used the data from
the composite sample of male, female, and immature striped bass
because of the small sample sizes (<4 fish) for females more than
three years old and the variability among these older females.



Table B-38. Mean calculated total lengths (mm) of male, female, and immature striped bass
at annuli formation, Hudson River, RM 40 to RM 60, April-September 1972

Age Year Sample Age

group class size 1 2 3 4 5 6 7 8 9 10 11 12 13 14

I 1971 44 115.8
II 1970 62 129.7 239.6
III 1969 18 123.5 237.3 324.8
IV 1968 3 130.9 233.0 332.7 419.5
V 1967 3 129.9 263.2 331.9 422.4 487.7
VI 1966 1 122.4 248.7 341.6 403.5 484.5 524.9
VII 1965 6 141.1 245.1 346.5 443.1 517.8 582.0 633.3
VIII 1964 1 117.2 287.7 398.5 477.3 526.3 600.9 632.9 662.7
IX 1963 1 134.8 276.1 321.1 406.8 531.7 631.7 721.7 828.8 916.6
X 1962 1 153.1 333.8 410.9 507.9 556.3 600.4 657.7 701.7 726.0 734.8
XI 1961 0 0 0 0 0 0 0 0 0 0 0 0
XII 1960 0 0 0 0 0 0 0 0 0 0 0 0 0
XIII 1959 1 137.4 214.1 274.0 343.5 401.0 472.9 523.2 583.1 631.0 669.4 714.9 741.3 777.2
XIV 1958 1 113.4 231.6 344.0 446.8 578.6 696.8 803.4 881.0 948.8 993.4 1028.3 1059.3 1076.6 1092.2

Weighted mean 119.7 241.6 333.6 431.7 509.9 585.0 649.0 731.5 805.6 799.2 871.6 900.3 927.0 1092.2
Two standard errors 0.71 1.30 1.98 2.78 2.86 3.10 3.12 4.71 5.14 5.59 a a a a
Weighted-mean 119.7 121.9 92.0 98.1 78.2 75.1 64.0 82.5 74.1 -6.4 72.4 28.7 26.7 165.3

increment
Sample size 342 98 36 18 15 12 11 5 4 3 2 2 2

aNot calculated.

Source: "Hudson River Ecological Study," Texas Instruments, First Annual Report, April 1973, Table V-57.

Un
C
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However, the regression coefficients for females only (i.e., B =

117.0 and C = -3.191) are approximately the same as those for the

composite, sample (i.e., B = 115.1 and C = -3.090).

The results of the regression analysis are summarized in Fig. B-45,

which illustrates the best-estimate, minimum, and maximum growth

curve used in the model. The minimum growth curve corresponds

to values of B and C that are two standard errors less than the
best estimates of B and C; the maximum growth curve corresponds
to values of B and C that are two standard errors more than the
best estimates of B and C.'

(b) Probability of Survival for Age Classes 1 to 15+

(i) Natural Mortality

Instantaneous natural mortality rates for striped bass in the San
Francisco Bay Estuary have been estimated by Sommani47 (Table B-39).

These estimates are for fish 3 years old and older; however, in the

absence of data to the contrary, Sommani used the same estimate of

natural mortality for age classes 1 and older in his model. The
staff has used Sommani's estimates as a guideline in choosing 0.8

as the best estimate, 0.6 as the minimum, and 0.9 as the maximum

probability of survival from sources of natural mortality for
striped bass 3 years old and older. Somewhat lower estimates
have been used for 1-year and 2-year-old striped bass.

(ii) Fishing Mortality

TOTP1

Data are not available to accurately estimate the minimum biomass
available to the fishery, as distinct from the yield to the fishery,
within the last 10 years. The minimum annual commercial landings

of striped bass in New York between 1963 and 1972 was 673,000 lb
in 1963; these landings, of course, include both females and males.
The sport landings, which also include both males and females,

substantially exceed the commercial landings in both number and
weight of striped bass caught [see Section V.D.2.d(3)(c)(v)].
Based on this information and consideration of an Inner Zone and

Outer Zone of influence for the Hudson River striped bass popu-

lation [see Section V.D.2.d(3)(c)(v)], the staff's minimum, best
estimate, and maximum values for TOTP1 (Table B-40) are 105, 106,

and 107 pounds per year, respectively. As will be illustrated,
since the forecasts of impact on the Hudson River striped bass

population are on a relative scale, the forecasts are completely
independent of the value of TOTP1.
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Fig.. B-45. Best-estimate, minimum and maximum growth curves
used in the staff's life-cycle model. The minimum legal length
for the sport and commercial fisheries is 16 in. fork length (or
438 mm total length) in New York and the New England states except
Maine. Fork length (in millimeters).= 4.60 + 0.903 [total length
(in millimeters)]; N =,74, r'= 0.99. (Source: Texas Instruments,
Inc., "Hudson River Ecological Study in the Area of Indian Point,
First Annual Report," prepared for' Consolidated Edison Company of,

New York, Inc., April 1973.)
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Table B-39. Instantaneous natural mortality
rates (M) and the corresponding probabilities
of survival from sources of natural mortality
(PNS) estimated from data of tagged striped
bass released and recovered during 1958 to

1968 in the San Francisco Bay Estuary

Year M PNS

1958 0.526 0.591
1959 0.282 0.754
1960 0.202 0.817
1961 0.152 0.859
1962 0.152 0.859
1963 0.152 0.859
1964 0.152 0.859
1965 0.244 0.783
1966 0.177 0.838
1967 0.177 0.838
1968 0.177 0.838

Average
without 0.187 0.830
1958
with 1958 0.214 0.809

Source: P. Sommani, "A Study on the
Population Dynamics of Striped Bass in
the San Francisco Bay Estuary," Ph.D.
Thesis, University of Washington, Seat-
tle, Washington, Table 4.

Table B-40. Best estimate, minimum, and maximum values
of the model parameters related to fishing mortality

Parameter Best estimate Minimum Maximum

TOTP1 (lb)

RATIO

PMAX

PMIN

D

106

3.0

0.85

0.60

0.6

10s

2.0

0.75

107

5.0

0.95

0.50 0.70

0.4 0.8

LEGAL (mm) 438 338 538
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RATIO

The normal range of fluctuations in recruitment to the total

fishery can be approximated by analyzing the fluctuations in

commercial landings. The staff has done such an analysis using

Hudson River landings, New York landings, Middle Atlantic landings,

and Chesapeake Bay landings over 10-year periods starting with

1963-1972 and going backwards in 5-year increments to 1933-1942
(Table B-41). The average ratio of maximum to minimum yield to

the commercial fishery is 4.2 for the Hudson River, 2.8 for New

York (including Hudson landings) and the Middle Atlantic, and

2.1 for Chesapeake Bay. The mimimum, best estimate, and maximum

values for RATIO are 2.0, 3.0, and 5.0 (Table B-40).

PMAX and PMIN

Data are not available to estimate PMAX and PMIN, the maximum and
minimum probability of survival from fishing as accurately as the

staff would like. However, Chadwick 5 4 comments:

"In Chesapeake Bay actual tag returns in several studies

in the 1930's ranged from about 30 to 40% in less than a
year after tagging (Raney, 1952). More recently 38% of
a group tagged in Maryland were returned (Mansueti, 1961)
and 27% of a group tagged in Virginia were returned
(Massmann and Pacheco, 1961). Most of thesewere recap-

tured within a year after tagging. The mortality rate
indicated by these returns is difficult to determine
because some tags increased the vulnerability of tagged

fish to the commercial fishery (Lewis, 1961), tagging
procedures varied, and nonresponse was not estimated.
However, Mansueti (letter, 1962) believed that they

indicate annual expectations of deaths from fishing
ranging from 30 to 60%."

On the basis of this information and other tag-recapture data,
which indicate somewhat lower annual expectations of deaths from

fishing outside of Chesapeake Bay (TI, 2nd Annual Report; 3 9

Schaefer, 5 5 1968), the best-estimate, minimum, and maximum values

for PMAX and PMIN given in Table B-40 were selected.

D

Best-estimate, minimum, and maximum values for the parameter D,
the middle fraction of the interval PMIN to PMAX, are given in

Table B-40. These values were chosen to represent a range of
sensitivities to changes in population size, while still satis-
fying the constraint that the expected range of fluctuations in



Table B-41. Values of minimum and maximum landings and the ratio of maximum to minimum for Hudson River,
New York, Middle Atlantic, and Chesapeake Bay

Hudson River New Yorka Middle Atlantic Chesapeake Bay

Period Min " Max Min Max Min Max Min Max

(103 Ib) (103 lb) M (103 b) (100 Ib) Max/min (103 lb) (103 lb) x/min (103 lb) (103 lb)

1933-1942 11 35 3.2 19 266 1 4 .0 b 40 446 1 1 .2 b 642 3,286 5 . 1 b

1938-1947 21 79 3.8 139 504 3.6 311 963 3.1 1,839 -4,545 2.5

1943-1952 30 79 2.6 244 626 2.6 413 1,141 2.8 3,413 5,834 1.7

1948-1957 19 93 4.9 356 626 1.8 473 1,141 2.4 2,788 5,834 2.1

1953-1962 19 133 7.0 395 910 2.3 473 1,259 2.7 2,788 7,262 2.6

1958-1967 29 133 4.6 398 1,630 4.1 479 2,023 4.2 4,422 7,262 1.6

1963-1972 25 77 3.1 673 1,630 2.4 1,429 2,059 1.4 3,860 7,759 2.0

Average 4.2 2.8 2.8 2.1

Standard 0.6 0.4 0.4 0.1
error

'lncluding Hudson River landings.
bNot included in average.

Sources:
T. S. Y. Koo, "The Striped Bass Fishery in the Atlantic States," Chesapeake Sci. 11(2): 73-93 (1970).
U.S. Department of Commerce, National Marine Fisheries Service, Fisheries Statistics Bulletins.

I-.-
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population size over 10-year periods would not cause the probability
of surviving fishing to reach either PMAX or PMIN.

LEGAL

The best estimate for the parameter LEGAL, the minimum legal length
of striped bass for the fisheries, is 438 mm (Table B-40), which
corresponds to the present legal fork length of 16 in. for keeping
striped bass in New York, Connecticut, Rhode Island, and Massachusetts
waters. The minimum and maximum values for LEGAL in Table B-40 cor-
respond approximately to fork lengths of 12 in. and 20 in. LEGAL was
varied to examine the possible interactions between reduced survival
in the zero-age class and altering the legal size for striped bass.

(c) Probability of Survival for Age Class 0

(i) PNSO

Of the 46 parameters in this model (excluding PPO, which is discussed
in the next section), PNSO, the probability of survival from causes
of natural mortality for age class 0, is known the least well. Thus,
rather than "guess" at PNSO, the staff estimates the other 45 param-
eters, sets PPO = 1.0, and requires that at steady state the fishable
biomass be the average of TOTP1 and RATIO * TOTP1 (i.e., the mid-
point of the expected range of fluctuations over 10-year periods).
This procedure uniquely determines PNSO, which is calculated as
indicated in Section IV.B of Van Winkle et al. 2 1 (1974).

(ii) PPO

The major purpose of this simulation model is to investigate for
different combinations of the preceding 46 parameters the effects
of varying PPO, where (1.0 - PPO) specifies the fractional reduction
in the probability of survival of young-of-the-year striped bass
due to power plant impacts. PPO values ranging from 0.25 (corres-
ponding to a 75% reduction in the number of young-of-the-year
surviving their first year) to 1.25 (corresponding to a 25% increase
in the number of young-of-the-year surviving their first year) are
used. The rationale for using PPO values greater than 1.0 is to
examine to a first approximation the possible consequences of
stocking the Hudson with enough hatchery-reared striped bass to
more than compensate for losses caused by operation of power plants.
The majority of the results, however, deal with simulations using
PPO values between 0.50 and 1.00.
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(d) Summary

The 47 input parameters in the'staff's Hudson River striped bass
life-cycle model are listed and defined in Table B-42, along with
the values for the minimum, best estimate, and maximum.

(6) Types of Model Runs

There are two types of model runs: (1) RO runs, which involve
running the model for the entire period (e.g., 40 years) with the
same parameter values, including the value for PP0; and (2) RC
runs, which involve running the model for part of the period (e.g.,
5 years) with one set of parameter values and then changing one or
more parameters for the remainder of the period - generally the
only parameter changed is PPO.

Table B-43 lists the parameter combinations used for'the 21 sets
of RO and RC runs. Set 1 represents 'the staff's best estimate of
each of the parameters. The other 20 sets are the basis for the
staff's sensitivity analysis and may be grouped under six headings:
Sets 2 and 3 deal with age at sexual maturity; Sets 4 and 5 deal
with probabilities of natural survival; Sets 6 and 7 deal with
rate of growth; Sets 8 to 11 deal with the independent variable in
the fishing control function; Sets 12 to 19 deal with the dependent
variable in the fishing control function; and Sets 20 and 21 deal
with the minimum legal length of striped bass for the fishery.
The sensitivity analysis, particularly Sets 12 to 19, focuses most
closely on changes in the fishing parameters, because the model has
been developed around the assumption that fishing mortality is in
part density-dependent and is the primary mechanism currently con-
trolling the Hudson River spawned striped bass.

The steady-state solution for the model was obtained for each of
the 21 parameter combinations with PPO set equal to 1.0. Then RO
and RC runs for each parameter combination were done using a range
of PPO values, but with the other 46 parameters, including PNSO,
held constant.

(7) Results and Discussion

(a) Steady-State Solutions with PPO = 1.0

Comparison of the output from the steady-state runs with PPO 1.0
is of value in pointing out the different effects of the 21 parameter
combinations, under non-stress conditions. Such a comparison has
been made using three criteria: (1) vital statistics, (2) steady-
state age distributions, and (3) yield, probability of surviving
fishing, and' other output variables.
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Table B-42. Minimum, best estimate, and maximum values and definitions for each of
the 47 input parameters in the staff's Hudson River striped bass life cycle model

Unit Minimum Best Maximum DefinestimateParameter ition

FF 0.5 Probability that a given fertilized egg

FMAT,
FMAT

2
FMAT3
FMAT 4
FMAT

5
FMAT

6
FMAT17
FMAT8
FM AT 9
FMATI 5
FMATI I
FMAT 1 2
FMAT 

1 3
FMAT 1 4
FMAT1 5

Bi

0.0
0.0
0.0
0.0
0.0

0.0 0.67

0.5 1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0

1.38 X 106

73,030

will developinto a female.

The probability that a female is sexually
mature upon entering the age class is
indicated by the subscript on FMAT.

0.5
1.0

Number of eggs

B2 Eggs/lb

WTMEAN lb 17.62

B3 Log 10 grams -5.340

Coefficient of the zero-order term in the
linear relationship between EGGS and WT

(weight) of fish.

Coefficient of the first-order term in the
linear relationship between EGGS and WT.

Mean weight parameter used in the regression
relationship between EGGS and WT.

Coefficient of the zero-order term in the
linear relationship between LOG1 I(WTi) and

LOGt o(LENGTHi).

Coefficient of the first-order term in the

linear relationship between LOG I o(WTi) and
LOGI o(LENGTHi).

Coefficient of the zero-ordgr term in the
quadratic relation between LENGTH and AGE.

124.1 Coefficient of the first-order term in the

quadratic relation between LENGTH and AGE.

-2.290 Coefficient of the second-order term in
the quadratic relationship between

LENGTH and AGE.

B4 Logi 0 grams/Loglomm 3.130

ACON mm

B mm/year

C mm/year
2

0.0

106.1 115.1

-3.890 -3.090

PNSo
PNSI
PNS2
PNS 3
PNS 4
PNSs
PNS 6

PNS 7
PNSs
PNS 9

PNSI 0
PNSt I
PNS 1 2
PNSt 3
PNS14
PNSI 5

TOTPI

See Section B.4.C(5)(c)(i)

0.2 0.4 0.6
0.4 0.6 0.8

0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 '0.9

0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 . 0.9

0.6 0.8 0.9
0.6 0.8 0.9
0.6 0.8 0.9

lb l0 106 10
7

The probability of survival from death by

natural causes for the age class
indicated by the subscript on PNS.

The minimum annual biomass expected to be

available to the fishery over, for
example, a 10-year period.
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Table B-42 (continued)

Parameter Unit Minimum Best Maximum Definition
estimate

RATIO 2.0 3.0 5.0 The average ratio of the maximum to the
minimum annual biomass actually
available to the fishery within, for
example, 10-year periods; used in
calculating TOTP2 from TOTP1.

*PMAX 0.75 0.85 0.95 Maximum probability of survival from
fishing; corresponds to the minimum
instantaneous fishing mortality rate,
FMIN.

PMIN 0.50 0.60 0.70 Minimum probability of survival from
fishing; corresponds to the maximum
instantaneous fishing mortality rate,
FMAX.

D 0.4 0.6 0.8 The middle fraction (or percentage) of
the interval PMIN to PMAX corresponding
to the interval TOTPI to TOTP2; used
in calculating PFCON and BMIN.

LEGAL mm 338 438 538 Minimum legal length of striped bass for
the fisheries.

PPO 0.25 1.25 Probability of surviving (or not experiencing)
entrainment and impingement at power
plants.



Table B-43. Paxammete combinations used fox the 21 sets of RO and RC iunsa

Set FMTS FMT6 FMT7 PNS1 PNS2 PNSi B C TOM RATIO PMAX PMIN D LEGAL
(i = 3, 15) (mm/year) (mm/year 2 ) (lb) (mm)

1 0.0 0.67 1.0 0.4 0.6 0.8 115.1 -3.090 1E6 3.0 0.85 0.6 0.6 438

2 .0.0 0.0
3 0.5 1.0

4
5

6
7

8
9

10
11

12
13
14

15
16
17
18
19

20
21

0.5
1.0

0.2 0.4
0.6 0.8

0.6
0.9

106.1
124.1

-3.890
-2.290

1ES
1E7

2.0
5.0 0

0.75 0.5 0.4
0.75 0.5 0.8
0.75 0.7 0.4
0.75 0.7 0.8
0.95 0.5 0.4
0.95 0.5 0.8
0.95 0.7 0.4
0.95 0.7 0.8

338
538

aSet 1 = Best estimate values for all parameters. For sets 2-21., the values of one or more of the parameters listed across the top of the table were changed to
the minimum or maximum values indicated in the body of the table. All other parameters remained at the best estimate values.
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(i) Vital Statistics

The vital statistics are summarized in Table B-44. For most of the
sets the vital statistics are all the same (i.e., Sets 1, 4, 5, and
8 to 19). For Sets 2 and 3 the only difference is in the input
values for the probability of being sexually mature (column headed
FMAT). For Sets 6 and 7 the lengths and all variables calculated
from the length are different from Set 1. Of particular interest
is that.for Set 6 the fish first enter the fishery as 5-year-olds,
while for Set 7 they enter as 3-year-olds just before turning
4 years old (column headed CATCH). Also, there are substantial
differences in the average fecundity values (column headed FSUBI).
For Sets 20 and 21 the only change is in the legal length when
striped bass are first recruited to the fishery (column headed
CATCH). In this sense Set 20 is approximately comparable to Set
7, and Set 21 is approximately comparable to Set 6 (i.e., earlier
and later recruitment to the fishery, respectively, relative to
Set 1).

(ii) Steady-State Age Distributions

The initial age distributions for each of the 21 parameter combina-
tions are given in Table B-45. Having the females attain sexual
maturity later (Set 2) or earlier (Set 3) results in a substantial
decrease (Set 2) or increase (Set 3) in the number of eggs relative
to Set .1; differences among.the other age classes, however, are
minor. Decreasing (Set 4) or increasing (Set 5) the probabilities
of natural survival for 1-year-old and older fish not only decreases
(Set 4) or increases (Set 5) the number of eggs relative to Set
1, but it also substantially alters the relative number of fish in
the other age classes. For instance, although there are nearly
twice as many eggs in Set 5 as in Set 4, there are more than a
factor of 10 fewer l-year-olds in Set 5, indicating a relatively
small PNSO value for Set 5, which in fact is the case as indicated
in Table B-46 (column 3). On the other hand, because of the
relatively high natural survival of 1-year-old and older fish for
Set 5, the number of fish in the older age groups is more than a
factor of 10 greater for Set 5 than for Set 4.

Decreasing the growth rate (Set 6) or increasing the growth rate
(Set 7) results in an approximate proportional increase (Set 6)
or decrease (Set 7) in the number of fish in each of the age classes.
This result is due to the constraint that the steady-state value
for TOTP, the fishable biomass, is fixed at the average of TOTPI
and RATIO*TOTPI aand that this constraint may be satisfied by more
small fish-or fewer large fish.



Table B-44. Vital statistics for the females in each age class for the 21 sets of parameter combinations *

Sets 1. 4-5. 8-19

AGE LENGTH WEIGHT FKAT FSUBI CATCH AVWT
0 0.0 0.0 - 0.). 0.0 0.0 3.12E-03
I 1.128 02 2.62F-02 0.0 0.0 0.0 8.91E-02
2 2.18E 02 2.108-01 0.0 0.0 0.0 4.03E-O0
3 3.17E 02 6.82E-01 0.0 0.0 0.0 1.06E 00
4 4.11E 02 - 1.53E 00 0.0 0.0 0.698 2.30E 00
5 4.98E 02 2.79f 00 0.0 0.0 1.000 3.59C 00
6 5.79E 02 4.48E 00 0.670 1.41E 05 1.0013 5.47E 00
7 6.54E 02 6.54E 00 L.000 2.86E 05 1.000 7.72E -00
8 7.23E 02 8.96E 00 1.300 3.74E 05 1.000 1.03E 01
9 7.86E 02 1.16E 01 1.000 4.71E 05 1.000 1.30E 01

to 8.42E 02 1.44E 01 1.OO 5.74E 05 1.000 1.59E 01
1L 8.92E 02 1.73E 2 1 1.O4O 6.79E 05 1.000 1.87E 01
12 9.36E 02 2.01E O 1.000 1.82E 05 1.000 2.15E 01
13 9.14E 02 2.28E O 1.000 8.79E 05 1.000 2.40E 01
14 1.01E 03 2.52E 01 1.000 9.66E 05 1.000 2.63E 01
15 1.03E 03 2.72E 01 1.000 i.C4E 06 1.000 2.81E 01

Set 2

too LENGTH WEIGHT ?MIT ?SOBa CITCH AllT
0 0.0 0.0 0.0 0.0 0.0 3.12E-03
1 1.12P 02 2.62E-02 0.0 0.0 0.0 8.91E-02
2 2.180 02 2.10E-01 0.0 00 0.0 4.03E-01
3 3.17? 02 6.82P-01 0.0 0.0 0.0 1.06E 00
e 8.11E 02 1.53Z 00 0.0 0.0 0.698 2.30E 00

5 4.98F 02 2.79E 00 0.0 0.0 1.000 3.59E 00
6 5.719 02 9.488 00 0.0 0.0 1.000 5.47E 00
7 6.59? 02 6.56E 00 0.500 1.93E 05 1.000 7.721 00
8 7.23E 02 8.968 00 1.000 3.78! 05 1.000 1.03E 01
9 7.86E 02 1.16E 01 1.000 4.71E 05 1.000 1.30E 01

10 8.42r 02 1.44! 01 1.000 5.74E 05 1.000 1.59B 01
11 8.92? 02 1.73E 01 1.000 6.79E 05 1.000 1.87E 01
12 9.36P 02 2.01E 01 1.000 7.82E 05 1.000 2.15H 01
13 9.74F 02 2.28! 01 1.000 8.79! 05 1.000 2.40E 01
14 1.01F 03 2.52E 01 . 1.000 9.66E 05 1.000 2.63z 01
15 1.03! 03 2.722 01 1.000 1.04a 06 1.000 2.811 01

Set 6

8G0 LEWGTH WEIGHT TH1AT Ps001 CATCH AT88
0 0.0 0.0 0.0 0.0 0.0 2.381-03
I 1.02E 02 1.96E-02 0.0 0.0 0.0 6.581-6-2
2 1.971w 02 1.52M-01 0.0 0.0 0.0 2.88P.-01
3 2.83? 02 4.77E-01 0.0 0.0 0.0 7.251-V1
8 3.62F 02 1.031 00 0.0 0.0 0.0 1.39E 00
5 8.33! 02 1.801 00 0.0 0.0 0.929 2.30E GO
6 4.971! 02 2.772 00 0.670 9.R99 08 1.000 3.30E 00
7 5.521! 02 3.858 00 1.000 1.87E 05 1.000 8.92E 00
8 6.00! 02 5.00! 00 1.000 2.29E 05 1.000 5.56£ CO
9 6.40F 02 6.11E 00 1.000 2.70? 05 1.000 6.692 ('0

10 6.72E 02 7.13E 00 1.000 3.07E 05 1.000 7.58F CO
11 6.96P 02 7.97E 00 1.000 3.38E 05 1.000 8.31F (0
12 7.13! 02 8.58E 00 1.000 3.60! 05 1.000 6.79E 00
13 7.22o! 02 9.92E 00 1.000 3.72E 05 1.000 8.988 CO
14 7.23F 02 8.95! 00 1.000 3.74E 05 1.000 8.87E CO
15 7.16- 02 8.70! 00 1.000 3.68? 05 1.000 8.97! 00

*AGE: age class in years.

LENGTH: average total length (sm) at annulus formation.

WEIGHT: average weight (lbs) at annulus formation.

FMAT: probability of being sexually mature upon enterihg the Indicated age class.

FSUBI (- F8): average (over both sexually mature and Inmature females) number of mature
*female" eggs in the ovaries upon entering the indicated age class.

CATCH: the effective fraction of the fish in the indicated age class at the beginning of
the year that are legally available to the fishery (approximated as the fraction
of the year for which-the average length is greater than or equal to the minimtu
legal length. LEGAL).

AVWT: average weight (lbs) at AGE + 1/2 year.

- Set 3

AGE LENGTH WEIGHT ?MAT -?Suez CATCH £VgT
0 0.0 0.0 0.0 0.0 0.0 3.122-03
1 1.12? 02 2.622-02 0.0 0.0 0.0 0.91E-02
2 2.18E 02 2.10-o01 0.0 0.0 0.0 4.038-01
3 3.17! 02 6.828-01 0.0 0.0 0.0 1.06? 00
* 4.118 02 1.531 00 0.0 0.0 0.698 2.302 00
5 4.98! 02 2.79E 00 0.500 1.438 08 1.000 3.598 00
6 5.79F 02 4.98E 00 1.000 2.10E 05 1.000 5.47? 00
7 6.54E 02 6.56! 00 1.000 2.868 05 1.000 7.72E 00
8 7.23E 02 8.96? 00 1.000 3.78! 05 1.000 1.03E 01
9 7.86E 02 1.16E 01 1.000 4.712 05 1.000 1.30! 01

10 8.92! 02 1.44Z 01 1.000 9.74? 05 1.000 1.598 01
11 8.928 02 1.73P 01 1.000 8.79! 05 1.000 1.87! 01
12 9.36£ 02 2.018 01 1.000 1.82B 05 1.000 2.15! 01
13 9.798 02 2.288 01 1.000 9.79! 05 1.000o 2.40E 01
14 1.01! 03 2.52! 01 1.000 9.66P 05 1.000 2.63E 01
15 1.03! 03 2.722 01 1.000 1.0O4 06 1.000 2.812-01

Set 7

0Gi LEN8GTH WEIGHT ?8MT P50B CATCH *VeT
0 0.0 0.0 0.0 0.0 0.0 4.00F-03
1 1.22Z 02 3.408-02 0.0 0.0 0.0 1.17P-01
2 2.39! 02 2.811-01 0.0 0.0 0.0 5.471-01
3 3.52F 02 9.39E-01 0.0 0.0 0.205 2.02E 00
4 8.60! 02 2.17r 00 0.0 0.0 1.000 .3.09! 00
5 5.63r 02 4.108 00 0.0 0.0 1.000 5.352 00
6 6.62E 02 6.818 00 0.670 1.98L 05 1.000 0.96! 00
7 7.567 02 1.038 01 1.000 a.24E 05 1.000 1.242 01
a 8.46E 02 1.47! 01 1.000 S.828 05 1.000 1.718 01
9 9.31! 02 1.988 01 1.000 7.702 05 1.000 2.27! 01

10 1.018 03 2.578 01 1.000 9.898 05 1.000 2.898 01
11 1.09F 03 . 3.22E 01 1.000 9.22? 06 1.000 3.57! 01
12 1.16E 03 3.931 01 1.000 1.48o 06 1.000 4.30! 01
13 1.23E 03 8.688 01 1.000 1.76? 06 1.000 5.07E 01
14 1.29? 03 5.47E 01 1.000 2.04F 06 1.000 5.67! 01
15 1.35! 03 6.27! 01 1.000 2.34E 06 1.000 6.68! 01

ON
I'.0'



Table B-44 (continued)

Set 20

A£0 LENGTHl WEIGHT ?"AT PSOBI CATCH AVUT
0 0.0 0.0 0.0 0.0 0.0 3.12E-03
1 1.12z 02 2.622-02 0.0 0.0 0.0 8.912-02
2 2.18? 02 2.10E-01 0.0 0.0 0.0 4.03E-01
3 3.17E 02 6.822-01 0.0 0.0 0.786 1.15E 00
8 8.11R 02 1.53E 00 0.0 0.0 1.000 2.11! 00
5 4.980 02 2.79E 00 0.0 0.0 1.000 3.59! 00
6 5.79! 02 8.488 00 0.670 1.1!E 05 1.000 5.87! 00
7 6.54? 02 6.56i 00 1.000 2.86! 05 1.000 7.72E 00
a 7.237 02 8.96! 00 1.000 3.78' 05 1.000 1.03E 01
9 7.86r 02 1.16! 01 1.000 6.71! 05 1.000 1.30! 01

10 8.a2! 02 1.88! C1 1.000 5.78! 05 1.Ann 1.59! 01
11 8.92E 02 1,731 Al 1.01C 6.79! 05 1.000 1.87E 01
12 9.36i C2 2.01! 01 1.000 7.82! 05 1.000 2.15E 01
13 9.74? 02 2.28! 01 1.000 8.79! 05 1.000 2.40F 01
1I 1.01F 03 2.522 01 1.000 9.66! 05 1.000 2.63! 01
15 1.03E 03 2.72! 01 1.000 1.08L 06 1.000 2.81B 01

Set 21

AGE LENGTH VEIGHT THAT FSPOO CATCH AVWT
0 0.0 0.0 0.0 0.0 0.0 3.12E-03
1 1.12! 02 2.62E-02 0.0 0.0 0.0 8.91E-02
2 2.18E 02 2.10!-01 0.0 0.0 0.0 4.03E-01
3 3.17r. 02 6.82Y-01 0.0 0.0 0.0 1.06! 00
8 8.11! 02 1.53E 00 0.0 0.0 0.0 2.11! 00
5 4.98! 02 2.79E 00 0.0 0.0 0.519 8.00! 00
6 5.79E 02. 4.89! 00 0.670 1.417 05 1.000 5.87r 00
7 6.58! 02 6.56! 00 1.000 2.86! 05 1.000 7.72! 00

" 7 7.23E 02 8.96E 00 1.000 3.74! 05 1.000 1.03E 01
9 7.86! 02 1.16E 01 1.000 4.71! 05 1.000 1.30! 01

10 8.42! 02 1.44? 01 1.000 5.79! 05 1.000 1.59E 01
0 8.92E 02 1.73! 01 1.000 6.79! 05 1.000 1.87! 01

12 V. •.• 32 ),01v 8' A , AAA 1.82! 05 1.000 2.15E 01
13 9.74? 02 2.28! 01 1.000 9.79! 05 1 000 2.80! 01
18 1.01! 03 2.52E 01 1.000 9.661! 05 1.000 X.ýn ý,
15 1.03! 03 2.72! 01 1.000 1.04! 06 1.000 2.81! 01



Table B-45. Initial age distribution vectors (number of fish in the indicated age class at the beginning of the year)
f o 2 e b afor each of the 21 parameter combinations

Age
Class

0
1
2
3
4
5
6
7
8

9
10
11
12
13
14
15

Age
Class

0
I
2-

3
4
S
6
7
a
9

1o
II
12
13
14
is

Set I

5.21389E
1.10843E
4.43348E
2.6599SE
2.12785E
1.35709E
7.70 1A8E
4.37057E
2.48026E
1.40752E
7.98767E
4.53312E
2.57272E
1.46015E
8.28691E
1.08745E

10
06
05
05
05
05
04
04
04
04
03
03
03
03
02
03

Set 2

3.49930E
1.10277E
4.41112E
2.64677E
2.11753E
1.35118E
7.673508
4.35778E
2.47469E
1.40526E
7.97995E
4.53173E
2.57363E
1.46164E
8.30130E
1.09091E

10
06
05
05
05
05
04
04
04
04
03
03
03
03
02
03

'Set 3

6.73960E
1.10405E
4.4155SE
2.64893F
2.11878E
1.35165E
7.67444E
4.35754E
2.47427E
1.40496E
7.97777E
4.53003E
2.57233E
1.46074E
8.29570E
1.09053E

Set 10
.3.89995E

8.27188E
3.30744E
1.98371E
L.58648E
1.01231E
5.75008E
3.26565E
1.854221!

1.052721!
5.97782F
3.39631E
L.931t6E
1.09852E
6.94913E
8.21218E

10
06
05
05
05
05
04.
04
04
04
03
03
03
03
02
03

Set 4
3.41222E
8.64803E
1.72955E
6.91 791E
4.15057E
1.98545E
8.45133E
3.59747E
1.53132E
6.51816E
2.77449E
1.18098E
5.02707E
2.13999E
9.10994E
6.75217E

Set 11

7.82182f
1.66116E
6.64490E
3.98710E
3.18979E
2.03466E
1.15488E
6.55512E
3.72074E
2.11192E
1.19874E

3.86178E
2.19 L83E
1t244046
1.63299E

10
06
06
05
05
05
04
04
04
03
03
03
02
02
01
01

Set S

6.00367E
3.24306E
1.94611E
1.55711E
1.401628
1.00588E
6.42340E
4.10193E
2.61947E
1.67275E
1.06813E
6.82010E
4.35439E
2.78013E
1.77514E
3.13515E

Set 12

4.333138
1.52749E
-6.10932E
3.66521E
2.93'184E
1.72010E
8.50276E
4.20307E
2.07766E
1.02704E
5.077068
2.50984F
1.24076E
6.13382E
3.03231!
2.96482E

10
05
05
05
05
05
04
04
04
04
04
03
03
03
03
03

Set 6

6.53272E
1.78513E
7.14064E
4.28448E
3.42765E
2.74217E
1.60112E
9.08432E
5.15424E
2.92442E
1.65926E
9.41427E
5.34132E
3.030438

1.71932E
2.25477E

1o
06
05
05
05
05
05
04
04
04
04
03
03
03
03
03

Sat 7
4.80997E
7.64793E
3.05877E
1.83504E
1.38067E
7.84090E
4.45285E
2.52867E
1.43592E
8.15398E
4.63062E
2.63004E
1.49397E
8.48654E8
4.82007E
6.33476E

Set 14

5.33430E
1.04927E
4.19714E
2.51831E
2.01468E
1.30035E
7.52203E
4.35121E
2.511701E
1.45599F
8.42236E
4.87201E
2.818278
1.63026t
9.43043E
L.29410E

10
05
05
05
05
04
04
04
04
03
03
03
03
02
02
02

I-

. Set 8
-5.20235E. 09
1.10310E 05
4.41219E 04
2.64717E.04
2.11761E 04
1.35109E 04
7.67236f 03
4.35688E 03
2.47415E 03
1.40502E 03
7.97887E 02
4.5311OF 02
z.57317E 02
1.46128E 02
80298541 01
t.090751 02

Set 9
5.20449E 11
1.10334E 07
A.41350E. 04
2.64818E 06
2.11861E 06
1.35176E 06
7.67610E 05
4.35895F 05
2.47529E 05
1.40562E 05
7.98196E 04
4.53255E 04
2.573758E04
1.46145E 04
8.29860E 03
1.090421 04

10
05
05
05
05
05
04
04
04
04
03
03
03
03
02
02

10
06
05
05
05
05
05
04
04
04
04
03
03
03
03
03

10
06
05
05
05
05
04
04
04
04
03
03
03
02
02
02

Set 13

4.03120E 10
1.69358E 06
6.77418E 05
4.06440E 05
3.25145E 05
1.84913E 05
8.66334E 04
4.05885E 04
1.90156E 04
8.90864E 03
4.17360E 03
1.95531E 03
4j. Lb iG4E A2
4.29242E 02
2.011195 02
.1.77285E- 02

10
06
05
05
05
05
04
04
04
04
03
03
03
Ii
02
03



Table B-45. (continued)

AgeClass Set 15 Set 16 Set 17 Set 18 Set 19 Set 20 Set 21
0 5.26414E 10 S.30446E 10 5.09005E 10 6.15681E 10 6.00938E 10 4.45583E 10 6.70599E LO
I 1.08073E 06 1.05393E 06 1.16246E 06 6.77211E 05 7.42228E 05 1.37917E 06 9.49LI7E 05
2 4.32291E 0 4.2145SE 05 4.64983E 05 2.70900E 05 2.96888E 05 5.51693E 05 3.79626E 05

3 2.59375E 05 2.52807E 05 2.78989E 05 1.62550E 05 1.78131E 05 3.31025E 05 2.27763E 05
4 2.07500E 05 2.02196E 05 2.23191E 05 1.30049E 05 1.42503E 05 2.04323E 05 1.82200E 05
5 L.33053E 05 1.30312E 05 1.40754E 05 9.11040E- 0 9.83146E 04 1.15957E 05 1.45752E 05
6 7.61631E 04 7.52141E 04 7.84371E 04 5.98932E 04 6.3139SE 04 6.58074E 04 9.90048E 04
7 4.35977E 04 4.34099E 04 4.37106E 04 3.93748E 04 4.05493E 04 3.73481E 04 5.61967E 04
a 2.49564E 04 2.5.0518E 04 2.43t87E 04 2.58855E 04 2.60415E 04 2.11971E 04 3.18981E 04
9 1.42857E 04 1.44571E 04 1.35743E 04 1.70174E 04 1.67243E 04 1.20306E 04 1.81058E 04

10 8.17748E 03 8.34380E 03 7.56448E 03 1.11874E 04 1.37407E 04 6.82788E 03 1.02772E 04
It 4.68099E 03 4.81675E 03 4.21536E 03 7.35455E 03 6.89800E 03 3.87483E 03 5.83363E 03
12 2.67952E 03 2.78152E 03 2.34898E 03 4.83484E 03 4.43014E 03 2.19880E 03 3.31143E 03
t3 1.53382E 03 1.60649E 03 L.30897E 03 3.17840E 03 2.84518E 03 1.24170E 03 1.87977E 03
14 8.78000E 02 9.27641E 02 7.29468E 02 2.08948E 03 1.82725E 03 7.08062E 02 1.06707E 03
1I 1.17544E 03 1.26675F 03 9.183IO• 02 4.00922E 03 3.28008F*03 9.29316F 02 1.40102F ni

aNumber, in age class 0 is the total number of mature "female" eggs in the ovaries of all sexually mature females combined.
U1I
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Table B-46. Summary of steady-state solutions with PPO = 1.0

Parameter Set PNSOa TOTPb YIELDc nod n e RCRTNf RSNg PSFh

FMAT

PNSi

B,C

TOTP1

I 2.1E-5 2.0E6

2 3.2E-5 2.0E6
1 2.IE-5 2.0E6
3 1.6E-5 2.0E6

4 2.5E-4 2.0E6
1 2.E-5 2.0E6
5 5,4E-6 2.0E6

6 2.6E-5 2.0E6
1 2.1E-5 2.0E6
7 1,6E-5 2.0E6

8 2.1E-5 2.0E5
1 2AE-5 2.0E6
9 2.IE-5 2.0E7

RATIO 10 2.1E-5 1.5E6
1 2.1E-5 2.0E6

11 2.IE-5 3.0E6

D, PMIN, 12 3.5E-5 2.0E6

13 4.2E-5 2.0E6
PMAX 14 2.0E-5 2.0E6

15 2.OE-5 2.0E6
1 2.1E-5 2.0E6

16 2.0E-5 2.0E6
17 2.3E-5 2.0E6
18 1.1E-5 2.0E6
19 1.2E-5 2.0E6

LEGAL 20 3.1E-5 2.0E6
1 2.1E-5 2.0E6

21 1,4E-5 2.0E6

6.0E5 5.2E10 1.IE6

5.9E5 3.5E10 1.1E6
6.0E5 5.2E10 1.1E6
6.0E5 6.7E10 1.1E6

5.2E5 3.4E10 8.7E6
6.0E5 5.2E10 1.1E6
6.3E5 6.OE10 3.2E5

5.9E5 6.5E10 1.8E6
6.0E5 5.2E10 1.1E6
6.2E5 4.8E10 7.7E5

5.9E4 5.2E9 1.1E5
6.0E5 5.2E10 1.1E6
5.9E6 5.2ElI 1.1E7

4.5E5 3.9E10 8.3E5
6.0E5 5.2E10 1.1E6
8.9E5 7.8E10 1.7E6

7.8E5 4.3E10 1.5E6

8.5E5 4.OE10 1.7E6
5.7E5 5.3E10 1.0E6
5.8E5 5.3E10 1.1E6
6.OE5 5.2E10 1.1E6
5.8E5 5.3E10 1.1E6
6.2E5 5.IEIO 1.2E6
3.6E5 6.2E10 6.8E5
4.OE5 6.OElO 7.4E5

6.3E5 4.4E10 1.4E6
6.0E5 5.2E10 1.1E6
5.6E5 6.7E10 9.5E5

2.0E5
2.0E5
2.0E5

3.6E5
2.0E5
1.4E5

2.7E5
2.0E5
1.5E5

2.0E4
2.0E5
2.0E6

1.5E5
2.0E5
3.OE5

2.8E5

3.0E5
1.9E5
2.0E5
2.0E5
1.9E5
2.11E5
1.2E5
1.3E5

3.2E5
2.0E5
1.3E5

2.0E5 1.5E5 0.71

7.9E4 0.71
1.5E5 0.71
2.5E5 0.71

1.2E5 0.71
1.SES 0.71
1.6E5 0.71

3.2E5 0.71
1SES 0.71
8.8E4 0.71

1.5E4 0.71
1.5ES 0.71
1.5E6 0,71

LIES 0.71
1.5ES 0.71
2.3ES 0,71

1.4E5 0.62

1.3E5 0.58
1.5E5 0.72
1.5E5 0.72
1.5E5 0.71
1.5ES 0.72
1.5E5 0.70
1.5E5. 0.82
1.6E5 0.80

1.3E5 0.71
1.5E5 0.71
2.0E5 0.71

aPNSO = probability of survival from causes of natural mortality for 0-year old striped bass.
bTOTP = total female biomass (pounds) legally available to the fishery.
cYIELD = yield (pounds/year) of female striped bass to the fisheries.
dn0 = number of eggs.
eni = number of 1-year olds.

fRCRTN = number of female striped bass recruited to the fishery each year.
gRSN= number of spawners.
h PSF = probability of surviving fishing.
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The age distributions for Sets 8 and 9 indicate that changes in
TOTPM result in exactly comparable changes in the number of fish
in each of the age classes. In other words, changing TOTMI with-
out changing RATIO or the survival-fecundity relationships in the
population results in exactly the same translation (i.e., by a
factor of 10) of the steady-state value of TOTP and of the number
of fish in each age class. Changing RATIO (Sets 10 and 11) has a
similar effect to changing TOTP1, although changing RATIO alters
the ratio of the steady-state value of TOTP to TOTPM so that de-
creases (Set 10) and increases (Set 11) in the number of fish in
each age class are not proportional to the change in RATIO.

The parameter changes inSets 12 to 19 result in changing the steady-
state PSF value (Table B-46, column 8), which in turn changes the
steady-state PNSO value (Table B-47, column 3) in order to satisfy
the constraint that the steady-state TOTP equal the average of
TOTP1 and RATIO*TOTPl. Thus, the highest PSF (lowest fishing
mortality) and lowest PNSO are paired (Set 18), as are the lowest
PSF (highest fishing mortality) and the highest PNSO (Set 13). The
age distributions reflect this counter-balancing of PNSO and PSF.
For example, Set 13 has fewer eggs but more l-year-olds than Set 18
because for Set 13 the probability of survival of eggs is higher
(4.2E-5 vs I.lE-5).* However, Set 13 has 4.1E5* 3-year-olds and
only 1.8E2 15-year-olds as compared to 1.6E5 3-year-olds and
4.0E3 15-year-olds for Set 18. The higher survival of adult
striped bass for Set 18 is due to the higher value of PSF (0.82
vs 0.58).

Sets 20 and 21 illustrate an effect on the age distribution similar
to Sets 13 and 18 but without altering PSF (note column 8 of Table
B-46). Changes in LEGAL do not alter the fishing control function
per se but rather alter the number of age classes legally available
to the fishery such that the probability of surviving fishing from
age at recruitment through age class 15 is altered. As with other
parameter changes, changes that alter the survival-fecundity balance
of the population are balanced by changes in PNSO (note column 3
of Table B-46).

(iii) Yield and Other Output Variables

The values of eight of the output variables are given in Table
B-46 for each of the 21 parameter combinations. Reference has
already been made to PSF and PNSO values and the number of eggs
and l-year-olds in this table in discussing the differences among
the age distributions in the previous subsection. TOTP, again, is

4.2E-5 means 4.2 x 10-5; 4.1E5 means 4.1 x 105.
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Table B-47. Summary of RO runs - relative yield at the end of 40 years

PFractional change in survival of young-of-the-year (PPO - 1.0)Parameter Set
-0.75 -0.50 -0.25 -0.10 0.0 0.10 0.25

1 0.04 0.25 0.59 0.83 1.00 1.18 1.47

FMAT 2 0.07 0.32 0.65 0.86 1.00 1.14 1.36
1 0.04 0.25 0.59 0.83 1.00 1.18 1.47
3 0.03 0.20 0.54 0.80 1.00 1.22 1.59

PNSi 4 0.01 0.13 0.49 0.78 1.00 1.24 1.65
1 0.04 0.25 0.59 0.83 1.00 1.18 1.47
5 0.09 0.33 0.65 0.86 1.00 1.15 1.39

B,C 6 0.02 0.16 0.50 0.78 1.00 1.24 1.67
1 0.04 0.25 0.59 0.83 1.00 1.18 1.47
7 0.06 0.31 0.64 0.85 1.00 1.15 1.39

TOTP1 8 0.04 0.25 0.59 0.83 1.00 1.18 1.47
1 0.04 0.25 0.59 0.83 1.00 . 1.18 1.47
9 0.04 0.25 0.59 0.83 1.00 1.18 1.47

RATIO 10 0.05 0.34 0.66 0.86 1.00 1.14 1.37
-1 0.04 0.25 0.59 0.83 1.00 1.18 1.47

11 0.03 0.20 0.54 0.80 1.00 1.21 1.56

D, PMIN, 12 0.02 0.17 0.51 0.79 1.00 1.22 1.60
PMAX 13 0.05 0.38 0.68 0.87 1.00 1.14 1.39

14 0.01 0.07 0.34 0.67 1.00 1.43 2.34
15 0.01 0.09 0.40 0.71 1.00 1.39 2.28
1 0.04 0.25 0.59 0.83 1.00 1.18 1.47

16 0.04 0.26 0.61 0.84 1.00 1.16 1.39
17 0.11 0.45 0.74 0.90 1.00 1.10 - 1.24
18 0.02 0.16 0.49 0.78 1.00 1.24 1.63
19 0.04 0.27 0.62 0.85 1.00 1.16 1.41

LEGAL 20 0.06 . 0.33 0.66 0.86 1.00 1.14 1.36
1 0.04 0.25 0.59 0.83 1.00 1.18 1.47

21 0.02 0.18 0.51 0.78 1.00 1.24 1.68
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the steady-state biomass available to the fishery and is defined
as the average of TOTPM and RATIO*TOTPI. Thus, the only parameter
change that alters TOTP is a change in RATIO (Sets 10 and 11).
Shifts in TOTP, of course, result in shifts in .the same direction
of yield to the fishery (YIELD), number of recruits (RCRTN), and
number of spawners (RSN). Sets 12 to 19 illustrate that there is
a close relationship between the probability of surviving fishing
(column 8) and yield (column 3). For example, Set 13 has the lowest
probability of surviving fishing (0.58) and the highes.t annual yield
(8.5E5 = 8.5 x 105 pounds per year), whereas Set 18 has the highest
probability of surviving fishing (0.82) and the lowest annual yield
(3.6E5 = 3.6 x 105 pounds per year).

For Sets 12 to 19 the number of female striped bass recruited to the
fishery each year (column 6) shows a pattern similar to the YIELD
values. However, the number of spawners in Sets 12 to. 19 (column
7) shows very little variation. This lack of change in number of
spawners is somewhat misleading since the importance of spawners
is in.their egg production, which is more a function of total weight
of spawners than of their number. The no values (Table B-46, column
4) illustrate that the 1.5E5 spawners in Set 18 are not equivalent
to the 1.5E5 spawners in Set 17, because the spawners in Set 18
produce approximately l.lElO. more eggs. This difference, in turn,
suggests that there are more older and larger fish in Set 18 than
in Set 17, a suggestion that is verified by examining the two age
distributions in Table B-45.

As commented on earlier, a comparison of the output from the steady-
state runs with PPO = 1.0 is of value in pointing out the different
effects of the 21 parameter combinations under non-stress conditions
Equally important is that such a comparison familiarizes the reader
with the names and definitions of the parameters, and it illustrates
that the qualitative and semiquantitative response of the model to
parameter changes is predictable and reasonable.

(b) RO Runs

The parameter space for the staff's striped bass, life-cycle model
has 47 dimensions, one for each of the 47 parameters. For the
purpose of discussion, this parameter space may be collapsed to
three dimensions (Fig. B-46), one dimension for fecundity [encom-
passing all the parameters discussed in Section B.4.c(5)(a)] and
a second dimension for survival (encompassing all the parameters
dealing with~the probability of survival from fishing and from
sources of natural mortality). The third dimension is the per-
centage change in the probability of survival of 0-year-old striped
bass due to operation of power plants [100(PPO - 1.0)]; 0% along
this axis means no net change or impact, a negative value means a
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Fig. B-46. A simplified representation of the parameter space
of the staff's striped bass, life-cycle model.
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percentage reduction, and a positive value means a percentage
increase. In Section B.4.c(7)(a) the behavior of the-model was
considered at 21 points in this three-dimensional parameter space,
all in the plane of 100(PPO - 1.0) = 0% reduction, i.e., PPO = 1.0.
In this section the behavior of the model in response to changes
in PPO alone is considered for each of these 21 parameter
combinations.

Figures B-47 and B-48 illustrate the standard output using the
staff's best estimates for all parameters (Set 1). Relative yield
vs time in years is plotted in Fig. B-47, while relative number of
l-year-olds vs years is plotted in Fig. B-48. The Y-axis scale
in both cases is relative to 0% change in the probability of
survival of 0-year-old striped bass. At year 0, (PP0 - 1.0) was
assigned one of the seven values indicated in the figure captions.

Certain general features of the curves merit comment:

(1) There is no change in relative yield until after the, third
year.

(2) There is a change in relative number of l-year-olds after
the first year.

(3) The rate of change of either relative yield or relative
number of l-year-olds steadily decreases, and if the %
change is not too great, approaches a new steady state.
The less the % change the more quickly the new steady
state is approached.

A new steady state is reached due to the density-dependent fishing
function (Figs. B-41 to B-43). That this function behaves in a
compensatory manner is illustrated in Fig. B-49. If there were no
compensation, the plotted points would all fall on the horizontal
line through 0.0 on the Y-axis. The greater the deviation between
the plotted curves and this horizontal line, the greater the com-
pensation. The sequence of curves in going from 5 years to 40 years
clearly indicates that, in response to a constant decrease in the
probability of survival of 0-year-old striped bass, there is a
compensatory increase in the probability of survival of adults from
fishing. Conversely, in response to an increase in the probability
of survival of 0-year-old fish, due possibly to extensive stocking
of fingerling striped bass as proposed by the applicant, there is
a compensatory decrease in the probability of surviving fishing
due to the increased fishing effort, resulting from an increase
in the size of the striped bass population.
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A final point illustrated by Fig. B-49 is that the fractional
reduction in survival probability for age class 0 can be great
enough that, if it is continued for long enough, the compensatory
limits of the density-dependent fishing function are exceeded and
the striped bass population in the model is doomed to extinction.
In Fig. B-49 this situation is indicated by the superposition of
the 20-year and 40-year points for (PPO - 1.0) = 0.75, because
for Parameter Set 1 a value of 0.20 for the fractional change in
probability of surviving fishing means that the probability of
surviving fishing has increased to PMAX, the maximum probability
of surviving fishing and the upper bound of the density-dependent
fishing function.

Tables B-47 and B-48 give values for relative yield and relative
number of l-year-olds after 40 years for each of the 21 parameter
combinations for each of six values of fractional change (multi-
plication by 100 gives percentage change) in survival of young-of-
the year, in addition to the reference case of 0% change. The
21 parameter combinations can be grouped in order of decreasing
sensitivity to (PPO - 1.0) values: Sets 12 to 19 (most sensitive),
Sets 20 to 21, Sets 6 to 7, Sets 4 to 5, Sets 2 to'3, Sets 10 to 11,
and Sets 8 to 9 (least sensitive). Actually, compared to the range
of values for relative yield and relative number l-year-olds for
Sets 12 to 19 at a given level of (PPO - 1.0), the differences
among all other sets are not very great. In addition, the result6
for Sets 8 to 9 indicate that changes in relative yield and relative
number of l-year-olds is entirely independent of TOTP1.

Thus, this analysis suggests that further analysis need not focus
on the sensitivity of percentage reduction values to fraction
mature (FMAT), probabilities of survival from sources of natural
mortality (PNS), growth rate of individuals (B,C), magnitude of
the fluctuations in the size of the striped bass population (RATIO),
or the legal length limit for keeping striped bass (LEGAL).

Returning to the 3-dimensional representation of the parameter space
for' the model, these results suggest redefining the first two
dimensions as follows: one dimension (X-axis) for survival from
fishing (encompassing the parameters PMAX, PMIN, and D) and the
second dimension (Y-axis) encompassing all the other parameters
(Fig. B-46). The results of the RO runs with a range of (PPO -
1.0) values indicate that forecasts of impact are considerably more
dependent on where the staff assumes the population is along the
X-axis than along the Y-axis. Stated another way, using the fore-
casts of relative yield and relative number of l-year-olds as cri-
teria, it appears that the data available are more adequate and the
degree of uncertainty is less for all parameters other than PMAX,
PMIN, and D.
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Table B-48' Summary of RO runs - relative number of 1-year olds at the end of 40 years

Fractional change in survival of young-of-the-year (PPO - 1.0)
Parameter " Set -0.75 -0.50 -0.25 -0.10 0.0 0.10 0.25

1 0.03

FMAT 2 0.07
1 0.03
3 0.02

PNSi 4 0.01
1 0.03
5 0.05

B,C 6 0.01
1 0.03
7 0.04

TOTP1 8 0.03
1 0.03
9 0.03

RATIO 10 0.03
1 0.03

11 0.02

D, PMIN, 12 0.01
PMAX 13 0.04

14 0.00
15 0.00
1 0.03

16 0.03
17 0.15
18 0.02
19 0.06

LEGAL 20 0.05
1 0.03

21 0.01

0.24 0.58 0.82 1.00 1.19 1.50

0.32 0.65 0.86 1.00 1.14 1.36
0.24 0.58 0.82 1.00 .1.19 1.50
0.19 0.53 0.80 1.00 1.23 1.64

0.17 0.54 0.81 1.00 1.21 1.57
0.24 0.58' 0.82 1.00 1.19 1.50
0.28 0.60 0.83 1.00 1.18 1.47

0.17 0.52 0.79 1.00 1.24 1.66
0.24 0.58 0.82 1.00 1.19 1.50
0.29 0.62 0.84 1.00 1.17 1.44

0.24 0.58 0.82 1.00 1.19 1.50:
0.24 0.58 0.82 1.00 1.19 1.50
0.24 0.58 0.82 1.00 1.19 1.50

0.34 0.66 0.86 1.00 1.15 1.39
0.24 0.58 0.82 1.00. 1.19 1.50
0.18 0.52 0.80 1.00 1.22 1.60

0.14 0.49 0.78 1.00 1.24ý 1.65
0.35 .0.66 0.86 1.00 1.16 1.43
0.05 0.29 0.64 1.00 1.50 2.60
0.06 0.37 0.69 1.00 1.45 2.54
0.24 0.58 0.82 1.00 1.19 1.50
0.25 0.60 0.84 1.00 1.16 1.42
0.44 0.73 :0.89- 1.00 1.11 1.27
0.16 0.50 .0.78 1.00 1.23 1.62
0.33 0.65 0.86 1.00 1.15 1.40

0.30 0.63 0.85 1.00 1.16 1.41
0.24 0.58 0.82 1.00 1.19 1.50
0.17 0.50 0.78 1.00 1.25 1.72
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(c) RC Runs

Table B-49 gives twenty-four cases, each having a set of PPO values
and durations, classified as follows:

1. Three alternatives for Indian Point Units Nos. 2 and 3,
viz., cooling towers at both units (Alternative B), a
cooling tower at Unit No. 2 and once-through cooling at
Unit No. 3 (Alternative A), and once-through cooling at
both Units Nos. 2 and 3 (base design). The time sequence
of changes within each alternative determines the duration
(number of years) associated with each PPO value.

2. Four combinations of values for the convective transport
defect factor [CTDF; see Section B.4.'b(5)(6)] and the in-
take f factor [fI; see Section V.D.2.b(2)(e)]. Each com-
bination of (CTDF, fi) in the staff's young-of-the-year
model determines a percent reduction value for a specified
alternative at Indian Point and conditions at the other
power plants. From each percent reduction value, PPO is
calculated as

100 - percent reduction
100

3. Without and with Cornwall (Storm King Pumped-Storage Plant).

For example, for the base design, (CTDF, fi) (0.4, 0.5), and with-
out Cornwall, there is a 25% reduction in the probability of sur-
vival of 0-year old striped bass for each of the first two years
(1974-1975) when just. Unit No. 2 is operating with once-through
cooling, followed by a 31%* reduction for each of the next 33 years
(1976-2008) when both Units Nos. 2 and 3 are operating with once-
through cooling, followed by a return to a 25% reduction for the
next two years (2009-2010) when Unit No. 2 is decommissioned but
Unit No. 3 is still operating, then followed by a 0% reduction
for each of the next 43 years (2011-2053) after Units Nos. 1 and
3 and all units at Bowline, Lovett, Roseton, and Danskammer are
decommissioned.

The RC runs are for 80 years when Cornwall is not included and for
100 years when Cornwall is included. The objective was to continue
the simulations for enough years to permit essentially complete
recovery to the original level following cessation of the impact
on the young-of-the-year striped bass.

The pre-1974 baseline condition is assumed to be the clean river.
All other power plants on the river, except Cornwall which is
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Table B-49. Input parameters for the life-cycle model based on results from the young-of-the-year modela

Value (CTDF:, fi"')

Configuration at Indian Point b CrDF = 0.4 CrDF = 0.4 CTDF = 0.8 CTDF = 0,8

Alternative IP-2 IP-3 Period Number ft = 0.5 fl = 1.0 fl = 0.5 fl = 1.0

of years % reduction PPO
4

% reduction PPO % reduction PPO % reduction PPO

B OT' 1974-75 2
OT OT 1976-78 3

CT f OT 1979-81 3

CT CT 1982-2008 27
CT 2009-10 2

2011-53 43

A OT 1974-75 2

OT OT 1976-78 3

CTF OT 1979-2008 30

OT 2009-10 2

2011-53 43

Base OT 1974-75 2
design. OT OT 1976-2008 33

OT 2009-10 2

2011-53 43

B OT 1974-75 2

OT OT 1976-78 3

CT OT 1979-81 3
CT CT 1982-2008 27

CT 2009-10 2
2011-31 21
2032-73 42

A OT 1974-75 2
OT OT - 1976-78 3

CT OT 1979-81 3
CT OT 1982-2008 27

OT. 2009-10 2

2011-31 21

2032-73 42

Base OT 1974-75 2
design OT OT 1976-81 6

OT OT 1982-2008 27

OT 2009-10 2
2011-31 21
2032-73 42

Without Cornwall

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
26 0.74 44 0.56 33 0.67 53 0.47
19 0.81 35 0.65 25 0.75 44 0.56
18* 0.82" 34n .0.66' 24' 0.76' 43* 0.57"
0 1.00 0 1.00 0 1.00 0 .1.00

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
26 0.74 44 0.56 33' 0.67 53 0.47
25 0.75 43 0.57 32 0.68 52 0.48

0 1.00 0 1.00 0 1.00 0 1.00

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
25 0.75 43 0.57 32 0.68 52 0.48
.0 1.00 0 1.00 0 1.00 0 1.00

With Cornwall (1982-2031)

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
26 0.74 44 0.56 33 0.67 53 0.47
31 0.69 51 0.49 42 0.58 63 0.37
30* 0.70* 50" 0.50' 41' 0.59* 62* 0.38*
17 0.83 28 0.72 24 0.76 35 0.65
0 1.00 0 1.00 0 1.00 0 1.00

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
26 0.74 44 0.56 33 0.67 53 0.47
36 0.64 57 0.43 48 0.52 69 0.31
35* 0.65- 56* 0.44* 47* 0.53* 68* 0.32*
17 0.83 28 '0.72 24 0.76 35 0.65
0 1.00 0 1.00 0 1.00 0 1.00

25 0.75 43 0.57 32 0.68 52 0.48
31 0.69 49 0.51 39 0.61 58 0.42
41 0.59 62 0.38 53 0.47 73 0.27
35* 0.65' 56* 0.44* 47* 0.53* 68* 0.32*
17 0.83 28 0.72 24 . 0.76 35 0.65

0 1.00 0 1.00 0 1.00 0 1.00

aPercent reduction values with an asterisk were estimated by assuming that the shutdown of Unit No. 2 with a cooling tower after the year 2008 would decrease

the percent reduction 1%.

bAll units at Bowline, Lovett, Danskammer, and Roseton are assumed to start operation in 1974 and to cease operation

in 2010.
ITDI: = transport defect factor. CTDF = convective transport defect factor.

d 100 - % reduction
PPO

too
eOT denotes once-through cooling.

fCT denotes cooling tower.
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treated separately, are assumed to start operation in 1974, along
with Indian Point Unit No. 2, and to terminate operation in 2010,
along with Indian Point Unit No. 3. Additional runs of the life-
cycle model with a more realistic pre-1974 baseline and alternative
assumptions concerning termination dates for operation of the other
plants with once-through cooling (in particular, Bowline and Rose-
ton) are being done.

Before presenting results, a caveat is in order to the effect that
the staff wishes to deemphasize and discourage efforts to play
meaningless games with "soft" numbers by.treating them as "hard"
numbers. The emphasis in discussing the results of the life-
cycle model is on trends, inequalities, and qualitative and semi-
quantitative properties of the forecasts. The staff offers no
apology for not presenting a more quantitative assessment, which
would have .a lower level of uncertainty, of the potential impact
of Indian Point on the Hudson River striped bass population. The
staff's efforts reflect the state of the science and the state of
the art of forecasting the effects of environmental impacts on a
large fish population, inhabiting an open system,' that is the subject
of an intense sport and commercial fishery. The staff hastens to
add that these comments are equally valid for the applicant's
modeling efforts.

Results of three RC runs using Parameter Set 1 (Table B-43; staff's
best estimate for all parameters) are illustrated in Figs. B-50
and B-51 for relative yield versus years and relative number of
1-year olds versus years. The three curves in each of these
figures correspond to the three alternatives at Indian Point using
the PPO values in the column headed CTDF = 0.8 and f, = 1.0, with-
out Cornwall, in Table B-49.

General properties of these curves are as follows:

1. As with the RO runs, there is no change in relative yield
until after the third year, while there is a change in
relative number of 1-year olds after the first year.

2. Similarly, following any subsequent change in the value of
PPO, there is a three-year lag before a change in relative
yield but only a one-year lag before a change in relative
number of 1-year olds.

3. All of the simulations indicate essentially 100% recovery
by year 80.

4. The curves for relative number of 1-year olds fluctuate
somewhat more in comparison with those for relative yield,
although they indicate the same pattern of decrease and
recovery and the same maximum decrease.
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Similar runs were done for the three alternatives and the other
7 sequences of PPO values (Table B-49) using life-cycle Parameter
Setli. The results are summarized and discussed in Chapters V
and XI. In addition, the staff repeated the three runs illustrated
in Figs. B-50 and B-51 using the other 20 sets of life-cycle model
parameters (Table B-43. As in Chapters V and XI the staff has used
two criteria to analyze the information in curves of the type given
in Figs. B-50 and B-51; these criteria may be understood more
clearly by referring to the hypothetical curves in Fig. B-51a.
First, the increase in cumulative yield over the duration of the
model run (80 or 100 years) for an alternative is expressed as a
percent of the cumulative yield for the base design. In other
words, the shaded area in Fig. B-51a is expressed as a percent of
the area under the curve from year 0 through year 100 for the base
design. Second, for the base design and each alternative the num-
ber of years for which the relative yield is less than 0.75 and
less than 0.50 is calculated. For example, referring to the hypo-
thetical curves in Fig. B-51a, for the base design the relative
yield is less than 0.75 for 43 years and less than 0.50 for 29
years, while for the alternative the relative yield is less than
0.75 for 13 years and less than 0.50 for 0 years.

The changes in cumulative yield tend to be of greater socioeconomic
interest, and when they are given yearly, they can serve as the
basis for estimating the monetary benefit to the striped bass sport
and commercial fisheries of installing cooling towers at Indian
Point Units Nos. 2 and 3, as has been done in Section XI.J.2.c(I).
However, of greater ecological interest and of greater environmental
concern to the staff is the number of years the relatiVe yield (and
thus the population) is depressed below a given level. As indicated
above, all of these simulations indicate essentially '100% recovery
by year 80 (or 100 when Cornwall is included). However, the greater
the reduction in the population and the longer this reduction is
continued, the less likely it is that the model simulations are
even qualitatively accurate. [See Section V.D.2.d(3)(c)(iv) for
a further discussion of the risk of irreversible impacts.

The staff emphasizes that its striped bass life-cycle model is a
single-species population model, which appears to simulate the
behavior of the population in a reasonable manner. However, in
reality the Hudson River spawned striped bass population is one
component of a complicated fish community inhabiting an even more
complicated estuarine and marine ecosystem. Thus, the dynamics
of the striped bass population undoubtedly depend to an extent on
interactions between striped bass and other biotic and abiotic
components of the ecosystem. In addition, since striped bass are
the subject of an intense sport'and commercial fishery, and-since
fishing mortality may be of importance in regulating the population,
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the dynamics of the Hudson River striped bass population also may
depend on social and economic factors-affecting fishing effort.
Neither the staff's nor the applicant's life-cycle model include
interactions between the striped bass and other biotic and abiotic
components of the ecosystem or the social and economic factors
that may influence fishing effort. The justification for the more
limited approach adopted is that data on these interactions and
social and economic factors are lacking, and even if they were
available, an understanding of the cause-effect relationships
necessary to include such phenomena in a model is not adequate.
The hope is that by focusing on the population per se, where there
are relatively adequate data on fecundities and survivals, the
staff's life-cycle model will be sufficiently realistic to a first
approximation to serve as part of the basis for making a rational
management decision concerning the-unacceptability of once-through
cooling at Indian Point Unit No. 3 (Base Design or Alternative A)
and the timing of installation of closed-cycle cooling at Unit
No. 3.

A comparison (Table B-50) of Sets 1, 2, and 3 indicates that the
predicted impact is more severe when female striped bass become
sexually mature at an earlier age (e.g., as 5-year olds as in Set
3) than at a later age (e.g., as 7-year olds as in Set 2). More
explicitly, the number of years for which the relative yield is
less than 0.75 or 0.50 is greater when females first become
sexually mature as 5-year olds than as 7-year olds. Thus, as
expected, the benefit of installing cooling towers at Units Nos.
2 and 3 is greater when females mature as 5-year olds versus as
7-year olds (Table B-50).

A comparison of Sets 1, 4, and 5 indicates that the predicted im-
pact is more severe when the probabilities of surviving sources of
natural mortality are low,(Set 4) than high (Set 5), as indicated
by the greater number of years for which the relative yield is less
than 0.75 or 0.50 (Table B-50). Thus, the benefits of installing
cooling towers at Units. Nos. 2 and 3 are greater when probabilities
of surviving sources of natural mortality are low (Set 4) rather
than high (Set 5) (Table B-50).

These two examples illustrate the general pattern that applies to
the remaining sets. With respect to both severity of ecological
impact, as measured by the number of years relative yield is less
than 0.75 or 0.50, and benefits of installing cooling towers at
Indian Point Units Nos. 2 and 3, as measured by the increase in
cumulative yield at year 80 (or 100 when Cornwall is included) as
a percent of the cumulative yield for the base design (Table B-50),
there is a trend from-high to low with. the-values for Set 1 in the
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Table B-50. Number of years relative yield is less than 0.75 (columns A)
or 0.50 (columns B) and the increase in cumulative yield at year 80

as a percent of the cumulative yield the base design (columns C)a

A B C

Parameter Set Alternative Alternative Alternative

Base Base Base
design design design

1 49

FMAT 2 44
1 49
3 53

PNS 4 57
1 49
5 46

B,C 6 59
1 49
7 44

TOTP1 8 49
1 49
9 49

RATIO 10 42
1 49

11 58

D, 12 63
PMIN, 13 40
PMAX 14 75

15 75
1 49

16 47
17 37
18 68
19 44

LEGAL 20 44
1 49

21 60

52 55 36 41 42 18 7 0

47
52
58

63
52
49

64
52
47

52
52
52

45
52
63

70
43
75

48 33 35 38
55 36 41 42
61 40 44 47

67 44 50 55

14
18
22

35

6 0
7 0
8 0

14 "0

55 36 41 42 18 7 0
51 31 34 37 14 5 0

68 44
55 36
49 33

55 36
55 36
55 36

45 34
55 36
67 42

74 45
44 33
75 71

50 54
41 42
35 38

41 42
41 42
41 42

35 36
41 42
48 51

52 56
34 35
71 71
71 71
41 42
40 42
33 •34
56 60

.38 40

35 . 37
41 42
50 54

28. 11 0
18 7 0
14 6 0

18 7 0
18 7 0
18 7 0

12 5 0
18 7 0
26 10 0

32 12 0
11 4. 0
33 11 0
44 14 0
18 7 0
19 7 0
10 4 0
33 12 0
15 6 0

14 5 0
18 7 *0
27 10 0

75 75 71
52 55 36
52 54 36
38 39 8
75 75 48
46 48 35

46 48 33
52 55 36
66 69 44

a Alternative B is cooling towers at Indian Point Units Nos. 2 and 3;

Alternative-A is a cooling tower at Unit No. 2 and once-through cooling at Unit
No. 3; the base design is once-through cooling at Units Nos. 2 and 3. PPO values
used are based on- young-of-the-year model runs using 0.8 for the convective trans-
port defect factor and 1.0 for the intake f factor, without Cornwall.
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middle. Thus, the potential ecological impact is more severe and
the expected benefits for the striped bass population and fisheries
when closed-cycle cooling systems are installed at Units Nos. 2 and
3 are greater if:

1. female striped bass become sexually mature at an earlier
age (Set 3);

2. probabilities of surviving sources of natural mortality
are low (Set 4);

3. individual growth rates are low (Set 6);

4. the ratio of the maximum to the minimum size of the striped
bass population over ten-year periods is large (Set 11);

5. the density-independent fishing mortality (1.0 - PMAX) is
high (Sets 12-15);

6. the maximum total fishing mortality (1.0 - PMIN) is low
(Sets 14-15 and 18-19);

7. the slope of the fishing control function is less steep,
as indicated by a smaller value of the parameter D
(Sets 12, 14, 16, and 18);

8. the range (= PMAX - PMIN) of the density-dependent part
of the fishing control function is small (Sets.14 and 15
versus Sets 16 and 17);

9. the minimum legal length limit is high (Set 21).

As in analyzing the RO runs, the results are more sensitive to
changes in the fishing control parameters (PMAX, PMIN, and D) than
to changes in any other parameters. Thus, in terms of ability to
forecast the impact of plant operation, the present uncertainties
in the values of these three parameters are the primary impediments
to narrowing the range of uncertainty in the forecasts themselves.

The staff has used the life-cycle model to assess the difference
in the potential benefit and impact of installing a closed-cycle
cooling system at Indian Point Unit No. 3 in 1980, 1982, or 1984.
Table B-51 summarizes the percent reduction values and durations
assumed for these three model runs. The percent reduction values
correspond to those in Table B-50 for (CTDF, fl) = (0.8, 1.0),
without Cornwall. The life-cycle model was run using Parameter
Set 1 (Table B-43). As indicated both by the last columns in
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TableB11-51. Difference in the potential benefit and impact to the striped bass population
and fishery of installing a cooling tower at Indian Point Unit No. 3 in 1980, 1982, or 1984

Year IP-2b IP-3b' Period Number of Percent _ _ _ __Resultsd

years reduction , C A B C

1980 OT - 1974-75 2 52 0.48
OT OT 1976-78 3 58 0.42
CT OT 1979 1 53 0.47
CT . CT 1980-2008 29 44 0.56
- CT 2009-10 2 43 0.57
- - 2011-53 43 0 1.00

1982 OT - 1974-75 2 52 0.48
OT OT 1976-78 3 58 0.42
CT OT 1979-81 3 53 0.47
CT CT 1982-2008 27 44 0.56
- CT 2009-10 2 43 0.57
- - 2011-53 43 0 1.00

1984 OT - 1974-75 2 52 0.48
* OT OT 1976-78 3 58 0.42

CT 01 1979-83 5 53 0.47
CT CT 1984-2008 25 44 0.56
- CT 2009-10 2 43 0.57
- - 2011-53 43 0 1.00

a Year in which operation of Indian Point Unit No. 3 with a cooling tower starts.
bOT = once-through cooling; CT = cooling tower. A dash indicates unit not in operation.
CThe values used correspond to those in Table B-49 for (CTDF, fI) = (0.8, 1.0) without Cornwall.
dNumber of years relative yield is less than 0.75 (column A) or 0.50 (column B) and the increase in cumula-

tive yield at year 80 as a percent of the cumulative yield for the 1984 date (C column).
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Table B-51 and by the overlapping curves in Figs. B-52 and B-53,
there are no appreciable long-term differences in benefits or
impacts for the striped bass population or fishery.

Since the applicant is committed to a cooling tower for Indian
Point Unit No. 3 at some date, the sooner it is installed the
better from the point of view of reducing the impact on the
striped bass population. However, the results of the staff's
striped bass life-cycle model suggest that for the levels of
impact considered there is not a critical balance point for the
Hudson River spawned striped bass population such that, for ex-
ample, once-through cooling for four years, while undesirable,
would be acceptable but that once-through cooling for six or
eight years would be unquestionably unacceptable.

(8) Applicant's Striped Bass Life-Cycle Model

The applicant also has developed and used a striped bass life-
cycle model. Some of the features of the applicant's model deal-
ing with the young-of-the-year striped bass population are discussed
in the preceding section on the staff's new young-of-the-year model.
The present discussion of the applicant's life-cycle model deals
with the older age classes of striped bass. Given the number of
one-year old fish, the number of fish in successive year classes
is obtained in the applicant's model as follows: 5 6

"N. = N exp (-K iiAti) ,t

in which:

N. = the number of fish in the ith age group at beginning
of the ith year,

N = the number of fish in the (i - l)th age group at be-
ginning of the (i - l)th year,

K = first order mortality rate to which the (i - l)th age
group is subject,

At = 365 days or one year,

i= 2, 3, 4, 5, ... , 13.

( -K i-At i-iexp (-K.i1iAti~l) -e
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"The term, exp (-K iIAt i-) represents the fractional survival

from one year to the next, or the fraction of the (i - l)th popu-
lation that makes it through the (i - l)th year. Therefore, the

number of fish in any given age group is:

N.i = N1 exp - K.At.j=l 1

in which j = 1 ... i - 1, the number of age groups, from one-year
olds to (i -.1) year olds, involved in the computation of the
number of ith year olds, N. and i = 2, ... , 13.

i

"The total adult fish population on May 9 of any given year is then
written:

13
Ni NI

i-i
i

_ l KjAtj
J=l

13
+ZEe

i= 2

Since NI is given by

survival through the
reduced to a product
life stages.

another equation in terms of total spawn and

juvenile stage, the total population can be
of spawn and survival through all subsequent

"Now we can come full circle by realizing that total egg count is
given by accounting for the total number of spawning females and
their associated fecundities. This is written:

foJTE

0L
13

P'(t) dt = ij Nfs fM F.i
i=l 1 i.m
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in which:

Ni =th year class,

f = fraction of females within Ni,
Si

f = maturation or fraction of sexually mature females
mi within Ni.,

F = average fecundity of N. or eggs/mature female.

"Given survival information (a knowledge of K'and At) for each life
stage, fecundity data (fs.' fm Fi) for each adult age group and

1 1
spawn data (P' (t), TE) for a given year, the set of equations can

be solved for NI, any N., egg production, and total population for

a succession of years afterwards.

"[The applicant 5 6 ] has focused on the condition of equilibrium, since
it will permit simplification of the mathematics, and also since
it seems to be a good frame of reference from which departures, due
to plant impact, can be evaluated.

"Two equations are required to define the equilibrium adult striped
bass population (at start of spawning, May 9):

1. the equilibrium equation
2. the total adult bass population equation

These equations are given below with emphasis on the meaning of
the individual terms:

Total adult
bass population:

13
E N = [total eggs produced] • [egg survival] • [larval
i=l survival]

* [Juvenile I survival] • [Juvenile II survival]

13 i-i
[Juvenile III survival] E exp - E K.At,i=l j=l
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in which:

Total eggs produced = P'(t) TE;

-EA tE

Egg survival = e

-KLAt L.-
Larval survival 7 e

-K At

Juvenile I.survival = e J

Juvenile II survival, = i 
"eKJII(CTE - e KIIC

,K KjIIT E

C - tII - ts:L AtE + ATiL + ATJ ;

-K AtKIII tIII

Juvenile III survival = e..

Equilibrium: 1 = [egg survival] * [larval survival]

* [Juvenile I survival]

* [Juvenile II survival] • [Juvenile III survival]

i-i

.13 T, KjAt

" "• sifm. 1i'
i=l f 1

where:

i = year class,

f = sex ratio of i (number of females/number of fish),s i

f = maturity index (number of mature females/number
i of females),
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F. = fecundity (number of eggs spawned/mature female);
I

i-i

E K.At. =0

j=l

"The equilibrium condition reqdires that a balance be reached be-
tween survivals at individual stages such that the product of all
items in the above equation equal unity.

"[The applicant 5 7 points out that] the Plant does not affect'adults
directly via impingement or entrainment. 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 remaining adults, an earlier onset
of maturity, increased fecundity in certain year classes, and pos-
sibly a change in the sex ratio to yield a higher ratio of females
to males, giving a more fecund population per adult class.

"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 for compensation 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 of year class i that survives is:

-K.At -K.365
exp = exp

in which K. equals the first-order removal rate for that age group.1

"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.

"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 (NAB.) of adult fish in year class i, that is:

1

(NABi -NSA 3

1A K EA + KE 0 KAOA NSA'1 1i i
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in which:

NAB. number of adults in year class i at start of year.

N = the characteristic saturation or carrying capacity
SA1  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.

K 0 K = the unit mortality rates at NAB. = 0 and N
A A. respectively. 1 11 1

KA. = the overall adult mortality rate during the ith
I year.

"Since, over the full year, K is equal to the Ki (above) for adult

age group i, this amounts to varying the overall yearly survival
(e-KA3 6 5 ) with the recruits to the year class (NAB). 'This differs

1

from early stage compensation in that the instantaneous daily
survival rate is continually modified as a function of the current
stage concentration.

"The adult compensation mechanism was applied to the first three-
year groups only. The remaining nine age group (4-12) survivals
were assumed to remain constant.

"Adult (age groups 1-13) parameters were chosen to yield a year-
to-year equilibrium such that the egg complement from year to year
(without a Plant) would be constant.

"The adult survival rates for age groups 1-3 are assumed as input
to the transport model. Given these values, the equilibrium
condition is satisfied 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, an adult
distribution based on age group 1 population can be computed.

"The survivals for age groups 4-12 must depend largely upon external
disturbances, chiefly commercial and sport fishing; the fish are
considered to have already undergone a long-term process of adap-
tation to fishing disturbances.

"Based on the equilibrium equation, these survivals are computed
to be 61.4% per year when the age groups 1-3 survival is 16% per
year. It should be noted that the survival of age groups 4-12
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depends entirely on the assumed survivals of age groups 1-3.
Assuming higher survivals in age groups 1-3 would necessitate
lower survivals in age groups 4-12 and vice-versa, if the equilib-
rium behavior is to be preserved."

Using the version of the life-cycle model which includes river
hydrodynamics, transport, and compensationvin early life stages,
the applicant predicts (ER, IP-3, App. AA) a decrease in striped
bass population from the operation of Units Nos. 1 and 2 of 5.0%
after ten years. For Indian Point Units Nos. 1 and 2 plus Bowline
and Roseton, the predicted decrease is approximately 13.0%.

The applicant claims that these results show clearly that operation
of Units Nos. 1 and 2 should not be expected to cause a substantial
or irreversible adverse impact on the river's striped bass popula-
tion, particularly during the first ten years of operation. These
reductions are expected to stabilize at the above values after
approximately ten years.

A study using this model and 1967 data was also performed to pre-
dict the impact of Indian Point Units Nos. 2 and.3. This study
predicted reductions of 6% after ten years from the operation of
Indian Point Units Nos. 2 and 3 and 16% after ten years from the
operation of Indian Point Units Nos. 2, 3, Bowline, and Roseton.
The applicant claims that these results indicate that operation
of Units Nos. 2 and 3 should not be expected to cause a substan-
tial or irreversible adverse impact on the river's striped bass
population, particularly during the first ten years of operation,
and that these reductions are expected to stabilize at the above
values after approximately ten years (ER, IP-3, App. AA).

The staff notes that results have not yet been presented for Indian
Point Units Nos. 1, 2, and 3 alone or in combination with not only
Bowline and Roseton but also Lovett and Danskammer.

The staff further notes that (1) the applicant has not specified
what percentage reduction in the striped bass population after ten
years it would consider substantial and why, and (2) that the values
used for the female maturity parameters (fM.) are not consistent

1

with findings by Clark5 8 and Texas Instruments 3 9 for Hudson River
striped bass.
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Appendix C

RADIATION EFFECTS ON AQUATIC BIOTA

Dose calculations were based on the assumption that the organisms
live continuously in-effluent water containing radionuclides in
concentrations equal to those at the point of discharge from the
Indian Point Station (i.e., before dilution with Hudson River water
occurs). This pathway of exposure was used to maximize estimated
doses for conservative purposes. Organisms living in the river will
receive a lower dose as radionuclide concentrations become diluted
with the Hudson River water.

Each total dose was computed as the sum of the internal and immer-
sion doses. The internal dose to aquatic organisms results from
intake of radionuclides through ingestion (food chain) and direct
absorption from the water. Immersion dose results from immersion
of the organism in the contaminated water.

The annual internal dose from each radionuclide to biota that de-
rives all its food from water in the Indian Point discharge canal
is:

Db = 1.87 x 107 C.bW.E. (millirads/year) (1)
i i~ ii

where 1.87 x 107 •s a constant to convert microcuries per gram of
biota to dose, Ci is the bioaccumulation factor for radionuclide
"i" and biotic group "b", Wi is the concentration (iCi/ml) of
radionuclide "i" in the water in the Indian Point discharge canal,
and Ei is the effective absorbed energy of radionuclide "i".

Bioaccumulation factors-(Cib), defined as the ratio of radionuclide
concentration in the organism to that in water, are presented in
Table C-1 for three biotic groups: aquatic plants, invertebrates,
and fin fish. Each species usually has a different accumulation
factor, which can be influenced by environmental factors. The
highest accumulation factors found in the literaturel- 3 are given
in Table C-1. Not all organisms in each group would have such a
high accumulation factor and, consequently, would not receive such
a high internal dose.

The radionuclide concentrations (Wi) in effluent water are based on
several assumptions of Station operation which tend to maximize

C-1
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Table C-I. Radionuclide bioaccumulation factors for aquatic plants,
invertebrates, and fin fish used in estimating the internal

radiation doses

The letter E followed by a number denotes multiplication
by a power of 10; e.g., 1.00E+00 means 1.00 X 100

Bioaccumulation factor
Radionuclide

Plants Invertebrates Fin fish

H-3 1.OOE+00 1.00E+00 LOOE+00
Cr-5i 1.OOE+02 5.00E+01 2.00E+02
Mn-54 3.50E+04 1.40E+05 2.50E+01
Fe-55 5.OOE+03 3.20E+03 3.00E+02
Fe-59 5.OOE+03 3.20E+03 3-00E+02
Co-58 2.50E+03 1.50E+03 5.00E+02
Co-60 2.50E+03 1.50E+03 5.00E+02
Rb-86 1.00E+03 2.OOE+03 2.00E+03
Sr-89 3.00E+03 4.OOE+03 1.50E+02
Sr-90 3.00E+03 4.OOE+03 1.50E+02
Sr-91 3.00E+03 4.OOE+03 1.50E+02
Y-90 1.00E+04 1.00E+03 1.OOE+02
Y-91 1.OOE+04 1.OOE+03 1.OOE+02
Y-93 1.OOE+04 1.00E+03 1.00E+02
Zr-95 1.50E+03 1.S0E+02 1.OOE+01
Zr-97 1.50E+03 1.SOE+02 1.OOE+01
Nb-95 1.OOE+03 1.00E+02 1.OOE+01
Mo-99 i.OOE+02 1.00E+02 1.OOE+02
Ru403 2.00E+03 2.OOE+03 1.OOE+02
Ru-106 .2.00E+03 2.00E+03 1.OOE+02
Rh-105 2.OOE+03 2.OOE+03 1.OOE+02
Te-125m 1.OOE+03 6.1OE+03 4.OOE+02
Te-127m 1.00E+03 6.10E+03 4.OOE+02
Te-127 1OOE+03 6.1OE+03 4.OOE+02
Te-129m 1.OOE+03 6.1OE+03 4.OOE+02
Te-131m 1.OOE+03 6.1OE+03 4.OOE+02
Te-132 1.OOE+03 6.1.OE+03 4.OOE+02
1-130 2.OOE+02 1.OOE+(3 5.OOE+01
1-131 2.OOE+02 1.OOE+03 5.00E+01
1-133 2.OOE+02 1.OOE+03 5.OOE+01
1-135 2.OOE+02 ,1.OOEE+03 5.OOE+01
Cs-134 2.50E+04 1.10E+04 1.OOE+03
Cs-136 2.50E+04 1.10E+04 1.OOE+03
Cs-137 2.50E+04 1.IOE+04 1.OOE+03
Ba-140 5.OOE+02 2.OOE+02 1.OOE+01
La-140 1.OOE+04 1.OOE+03 1.OOE+02
Ce-141 1.OOE+04 1.OOE+03 1.OOE+02
Ce-143 1.OOE+04 1OOE+03 1.OOE+02
Ce-144 1.OOE+04 1.OOE+03 1.OOE+02
Pr-143 1.OOE+04 1OOE+03 1.OOE+02
Nd-147 LOOE+04 1OOE+03 LOOE+02
Pm-147 LOOE+04 1OOE+03 1.OOE+02
Np-239 1,OOE+03 2.86E+02 LOOE+04
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radionuclide concentrations in effluent water, based on comparisons
with actual operating histories of other plants. For normal opera-
tion, radionuclide concentrations in effluent.water will probably
not reach the concentrations used for these dose calculations, but
the staff has taken a conservative approach in calculating the
doses.

The computed internal doses are further maximized since the maximum
effective absorbed energies (Ei) in man were used in the calculation. 4

For most aquatic organisms the internal, dose will be considerably
overestimated because these organisms willnot absorb the full
amount of energy emitted from-a'radionuclide deposited internally.

The estimated internal radiation doses to aquatic plants, inverte-
brates, and fin fish are given in Table C-2 for the initial radio-
active waste treatment system and in Table C-3 for the modified
system. See Section V.E for a description of the two radwaste
systems.

Immersion doses in water were computed with the EXREM computer
code 5 , 6 and are tabulated in Table C-4 for the initial radioactive
waste system and in Table C-5 for the modified system. This cal-
culation assumes continuous immersion of the organism in water
containing radionuclides in the concentrations as listed.

Both the internal and immersion dose calculations assume steady-
state conditions (i.e., the radionuclide concentrations in water
and in the organisms are constant).

In conclusion, the estimated total doses (see Tables C-2 through
C-5) to the aquatic organisms living in the undiluted effluent are
higher than those that the organisms would receive from background
radiation but considerably less than the levels which would produce
observable effects. As a result of these considerations, no dis-
cernible radiation effect is expected in the aquatic'community of
the Hudson River as a result of Indian Point activities.
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Table C-2. Estimated internal radiation dose to aquatic plants, invertebrates,
and fin fish in the Indian Point discharge canal for the initial

radioactive waste treatment processa

The letter E followed by a number denotes multiplication by a power
of 10; e.g., 1.1E-05 means 1.1 x 10-5

Concentration Dose (millirads/year)
Radionuclide (,Ci/ml)a Plants Invertebrates Fin fish

H-3 1.1E-05 2.1E+00 2.1E E+00 2.1E+00
Cr-5I 1.9E-10 8.9E-03 4AE-03 1.8E-02
Mn-54 4.3E-12 1.4E+00 5.7E+00 1.OE-03
Fe-55 1.8E-10 LIE-Ol 7.OE-02 6.6E-03
Fe-59 1.OE-10 7.6E+00 4.8E+00 4.5E-0I
Co-58 1.7E-09 4.8E+01 2.9E+01 9.7E+00
Co-60 2.1 E-10 1.5E+01 8.8E+00 2.9E+00
Rb-86 4.8E-11 6.3 E-0 1 1.3 E+00 1.3E+00
Sr-89 8.5E-11 2.6E+00 3.5E+00 1.3E-01
Sr-90 2.3E-12 1.4E-O1 1.9E-OI 7.1E-03
Sr-91 2.7E-11 3.2E+00 4.2E+00 1.6E-O1
Y-90 1.2E-12 2.OE-01 2.OE-02 2.OE-03
Y-91 3.3E-10 3.6E+01 3.6E+00 3.6E-0I
Y-93 2.5E-12 7.9E-0I 7.9E-02 7.9E-03
Zr-95 L.0E-11 3.1E-01 3.1E-02 2.1E-03
Zr-97 1.3E-13 7.7E-03 7.7 E--04 S.1 E-05
Nb-95 1.OE-11 9.SE-02 9.5E-03 9.5 E-04
Mo-99 4.1E-09 4.1 E+00 4.1E+00 4.1E+00
Ru-103 1.OE-11 1.6E-O1 1.6E-O1 8.2E-03
Ru-106 2.2E-12 1.2E-01 1.2E-O1 5.8E-03
Rh-105 2.7E-12 1.8E-02 1.8E-02 9.1E-04
Te-125m 5.SE-12 1.5E-02 9.4E-02 6.2E-03
Te-127m 6.OE-11 3.6E-0I 2.2E+00 1.4E-O1
Te-127 8.OE-11 3.6E-0I 2.2E+00 1.4E-O1
Te-129m 3.2E-11 6.6E-01 4.OE+00 2.6E-0I
Te-131m 2.2E-10 6.6E+00 4.OE+01 2.6E+00
Te-132 4.OE-09 1.4E+02 8.7E+02 5.7E+01
1-130 8.5E-i0 4.1E+00 2.1E+01 1.OE+00
1-131 5.8E-08 9.5E+01 4.8E+02 2.4E+01
1-133 3.2E-08 1.OE+02 S.OE+02 2.SE+01
1-135 7.OE-09 3.4E+01 1.7E+02 8.5 E+00
Cs-134 1.6E-08 8.2E+03 3.6E+03 3.3E+02
Cs-136 7.1E-09 2.2E+03 9.5E+02 8.6E+01
Cs-137 1.3E-08 3.6E+03 1.6E+03 1°4E+02
Ba-140 9.OE-tI 1.9E+00 7.7 E-O 1 3.9E-02
La- 140 6.5E-i1 2.3E+01 2.3E+00 2.3E-O1

Ce-141 1.6E-11 .6.3 E-O 1 6.3E-02 6.3E-03
Ce-143 2.4E-13 4.4E-02 4.4E-03 4.4E-04
Ce-144 5.SE-12 1.3E+00 1.3E-O1 1.3E-02
Pr-143 L.OE-1I 6.OE-01 6.OE-02 6.OE-03
Nd-147 4.8E-12 3.6E-01 3.6E-02 3.6E-03
Pm-147 6.OE-14 7.7E-04 7.7E-05 7.7E-06
Np-239 7.5 E-I1 4.1 E-O1 1.2E-OI 4.1 E+00

Total dose 1.5E+04 8.3E+03 7.OE+02

aRadionuclide concentrations are based on the estimated annual releases from

all three units.
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Table C-3. Estimated internal radiation dose to aquatic plants, invertebrates,
and fin fish in the Indian Point discharge canal for the modified

radioactive waste treatment processa ,

The letter'E followed by a number denotes multiplication by a power
of 10;, e.g., 1.1E-05 means 1.1 x 10-5

Radionuclide Concentration Dose (mitlirads/year)
(RCi/ml)a Plants Invertebrates Fin fish

H-3 1.1E-05 2.1E+00 2.1E+00 2.1E+00
Cr-51 1.8E-I 1 8.4E-04 4.2E-04 1.7E-03
Mn-54 6.5E-12 2.2E+00 8.7E+00 1.5E-03
Fe-55 2.OE-11 1.2E-02 7.8E-03 7.3E-04
Fe-59 6;OE-12 4.5E--01 2.9E-01 2.7E-02
Co-58 1.8E-10 5.1 E+O0 3.I E+00 1.OE+00
Co'-60 2.OE-1 1 .4E+00 8.4E-01 2.8E-01
Rb-86 5.OE-I 1 6.5 E-01 1.3E+00 1.3E+00
Sr-89 6.OE-12 1.9E-O1 2.5 E-01 9.3E-03
Sr-90 2.3E-I 3 1.4E-02 1.9E-02 7.1 E-04
Sr-91 2.1E-12 2.5E-O01 3.3E-01 1.2E-02
Y-90 1.6E-12 2.7E-01 2.7E-02 2.7E-03
Y-91 5.OE-10 5.5E+01 5.5E+00 5.5E-O1
Y-93 3.6E-12 1.1E+00 I.IE-01 1.1E-02
Zr-95 1.OE-12 3.1 E-02 3.1E-03 2.1E-04
Zr-97 2.OE-13 1.2E-02 1.2E-03 7.9E-05
Nb-95 1.OE-12 9.5E-03 9.5E-04 9.5E-05
Mo-99 6.OE-09 6.OE+00 6.OE+00 6.OE+00
Ru-103 7.5E-13 1.2E-02 1.2E-02 6.2E-04
Ru-106 2.3E-13 1.2E-02 1.2E-02 6.0E-04
Rh-105 2.3E-13 1.SE-03 1.5E-03 7.7E-05
Te-125m 6.OE-13 1.7E-03 1.OE-02 6.7E-04
Te-127m 4.8E-12 2.9E-02 1.8E-01 1.1 E-02
Te-127 6.5E-12 2.9E-02 1.8E-01 1.2E-02
Te-129m 4.8E-11 9.9E-01 6.OE+00 3.9E-Ol
Te-131m 1.8E-11 5.4E-01 3.3E+00 2.2E-01
Te-132 3.2E-10 1.1E+01 6.9E+01 4.5E+00
1-130 2.3E-11 1.1 E-01 5.6E-01 2.8E-02
1-131 1.4E-08 2.3E+O1 1.2E+02 5.8E+00
1-133 7.OE-09 2.2E+01 L.1E+02 5.5EE+00
1-135 1.4E-09 6.8E+00 3.4E+O1 1.7E+00
Cs-134 1.8E-08 9.3E+03 4.1 E+03 3.7E÷02
CsL136 7.OE-09 2.1E+03 9.4E+02 8.5E+01
Cs-137 1.4E-08 3.9E+03 1.7E+03 1.5E+02
Ba-140 7.OE-12 1.5E-01 6.OE-02 3.OE-03
La-140 4.7E-12 1.7E+00 1.7E-O1 1.7E-02
Ce-141 1.1E-12 4.3E-02 4.3E-03 4.3E-04
Ce-143 3.6E-13 6.5E-02 6.5E-03 6.5E-04
Ce-144 6.5E-13 1.6E-01 1.6E-02 1.6E-03
Pr-143 9.OE-13 5.4E-02 5.4E-03 5.4E-04
Nd-147 3.6E-13 2.7E-02 2.7E-03 2.7E-04
Pro-147 9.OE-14 1.2E-03 1.2E-04 1.2E-05
Np-239 6.OE-12 3.3E-02 9.3E-03 3.3E-01

Total dose 1.5E+04 7.1 E+03 6.4E+02

aRadionuclide concentrations are based on the estimated annual releases from

all three units.
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Table C-4. Estimated water-immersion dose to all biota in the Indian. Point
discharge canal for the initial radioactive waste treatment process

The letter E followed by a number denotes multiplication
by a power of 10; e.g., liE-05 means 1.1 X 10-5

Concentration Dose (millirads/year)
Radionuclide (,Ci/mlja Beta + gamma Gamma

H-3 1.1E-05 6.6E-01 b
Cr-51 1.9E-l 0. 1.1 E-04 1.1E-04
Mn-54 4.3E-12 6.7E-05 6.7E-05
Fe-55 1.8E-l 0 3.3E-05 3.3E-05
Fe-59 LOE-10 2.4E703 2.3E-03
Co-58 1.7E-09 3.1 E-02 3.1E-02
.Co-60 2.1E-10 1.OE-02 9.8E--03
Rb-86 4.8E-11 1.1 E-04 8.6E-05
Sr-89 8.5E-1 1 4.4 E-L04 b
Sr-90 2.3E-12 2.3E-05 b
ST-91 2.7E-11 9.OE-04 5.9E--04
Y-90 1.2E-12 L.OE-05 b
Y-91 3.3E-10 1.8E-03 2.2E-05
Y-93 2.5E-12 2.7E-05 4.6E-06
Zr-95 1.0E- 1 2.9E-04 2.8E-04
Zr-97 .1.3E-13 5.OE-06 3.4E-06
Nb-95 1.OE-11 15E-04 1.4E-L04
Mo-99 4.1E-09 3.5E-02 2.1 E-02
Ru-103 1.OE-11 1.OE-04 9.4E-05
Ru-106 2.2E-12 4.2E-05 1.2E-05
Rh-105 2.7E-12 6.1 E-06 1.6E-06
Te-125m 5.5E-12 5.7E-06 5.7E-06
Te-127m 6.OE-11 2.3E-04 1.OE-04
Te-127 8.OE-1 1 1.8E-04 5..6E-06
Te-129m 3.2E-11 2.1E-04 1.1E-04
Te-131m 2.2E-10 L.1E-02 1.OE-02
Te-132 4.OE-09 2.0E-01 1.8E-01
1-130 8.5E-! 0 3.9E-02 3.3E-02
1-131 5.8E-08 5.4E-O1 4.3E-01
1-133 3.2E-08 50E-01 3.6E-01
1-135 7.OE-09 4.4E-01 4.3E-01
Cs-134 1.6E-08 5.OE-01 4.7E-01
Cs-136 7.1E-09 3.2E-01 3.OE-01
Cs-137 1.3E-08 1.7E-01 1.5E-01
Ba-140 9.OE-I1 5.2E-03 4.5 E-03
La-140 6.5E-11 3.3E-03 3.0.E-03
Ce-141 1.6E-11 4.7E-05 2.4E-05
Ce-143 2.4E-13 4.4E-06 2.8E-06
Ce-144 5.5E-12 7.1 E-05 5.4E-06
Pr-143 1.OE-I 1 3.1E-05 b
Nd-147 4.8E-12 3.OE-05 1.6E-05
Pm-147 6.OE-14 319E-08 b
Np-239 7.5E-11 2.7E-04 1.7 E-04

Total dose 3.5E+00 2.5 E+00

aRadionuclide concentrations are based on the estimated annual releases from

all three units.
bThis radionuclide does not emit gamma rays.
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Table C-5. Estimated water-immersion dose to all biota in the Indian Point
discharge canal for the modified radioactive waste treatment processa

The letter E followed by a number denotes multiplication by a power
of 10; e.g., 1.1E-05 means 1.1 X 10-

Radionuclide Concentration
(,Ci/ml)a

H-3
Cr-5I
Mn-54
Fe-S 5
Fe-5 9
Co-58
Co-60
Rb-86
Sr-89
Sr-90
Sr-91
Y-90
Y-91
Y-9 3
Zr-95
Zr-97
Nb-95
Mo-99
Ru-103
Ru-106
Rh-105
Te-125m
Te-127m
Te-127
Te-129m
Te-131m
Te-132
1-130
1-131
1-133
1-135
Cs- 134
Cs-136
Cs-137
Ba-140
La-140
Ce-141
Ce- 143
Ce- 144
Pr-143
Nd-147
Pm-147
Np-239

Total dose

1.1 E-05
1.8E-11
6.5E-12
2.OE-1 1
6.OE-12
1.8E-10
2.OE-1 1
5.OE-11
6.OE-12
2.3E-13
2.1E-12
1.6E-12
5.OE-10
3.6E-12,
1.OE-12
2.OE-13
1.OE-12
6.OE-09
7.5E-13
2.3E-13
2.3 E-1 3

6.OE-13
4.8E-12
6.5E-12
4.8E-1 I
1.8E-11
3.2E-10
2.3E-1 1
1.4E-08
7.OE-09
1.4E-09
1.8E-08
7.OE-09
1.4E-08
7.OE-12
4.7E-12
1.1E-12
3.6E-13
6.5E-13
9.OE-13
3.6E-13
9.OE-14
6.OE-12

Dose (mihlirads/year)

Beta + gamma Gamma

6.6 E-0I b
1.OE-OS 1.OE-OS
1.OE-04 1.OE-04
3.7E-06 3.7 E-06
l.4E-04 1.4E-04
3.3E-03 3.3E-03
9.6E-04 9.4E-04
1.2E-04 8.9E-05
3. 1E-05 b
2.3E-06 b
7.OE-OS 4.6E-05
1.4E-05 b
2.8 E-0 3 3.4E-OS

*3.9E-05 6.7E-06
2.9E-05 2.8 E-05
7.7E-06' 5.3E-06
1.5E-05 1.4E-0
5.1E-02 * 3. 1E-02
M.E-06 7. 1E-06

*4.4E-06 * 1.2E_06
5.2E-07 1.3E-07
6.3E-07 6.3E-07
1.8&-05 8.3 E-06
1.5E-05 4.6E-07
3.L1E-04 1.7E-04
9.OE-04 8.2E-04
1.6E-02 1.5E-02
1.OE-03 8.8E-04
1.3E-01 1.OE-O1
LiE-Ol 7.8E-02
8.8E-02 8.SE-02
5.6 E-01 .3E-01
3.2E-01 2.9 E-01I
1.8E-01 1.6E-01
4.OE-04 3.5 E-04
2.4E-04 2. 1E-04
3.2E-06 1.7E-06
6.7E-06 4.2E-06
8.3E-06 6.4E--07
2.8E-06 b
2.2E-06 1.2E-06
5.9E-708 b
2.1 E-05 1.4E-05

2.2E+00 1.3E+00

aRadionuclide concentrations are based on the estimated annual releases from

all three units.
bThis radionuclide does not emit gamma rays.
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Table D-1. Principal conditions and parameters used in calculating releases
of radioactive effluents for Indian Point Nuclear Generating Plant Unit No. 3

Reactor power

Plant factor

Failed fuela

Primary coolant system

Total mass
Flow rate to boron recovery
Leak to secondary coolant
Leak to containment building
Leak to auxiliary building
System volume
System degassing

Secondary coolant system

Number of steam generators
Steam in each generator
Liquid in each generator
Total coolant mass
Steam generator blowdown rate
Condensate flow rate
Steam leak to turbine building

Condenser circulating water flow rate

Containment

Volume
Purges
Kidney charcoal adsorber flow rate

Iodine partition coefficients (gas/liquid)

Primary coolant
Leakage to containment
Leakage to auxiliary building

Secondary coolant
Steam generator

Condenser air ejector

Iodine decontamination factor

Reactor containment building ventilation - charcoal adsorber

3,216 MWt

0.8

0.25%

520,000 lb
14,000 gpd
20 gpd
40 gpd
20 gpd
12,000 ft 3

2/year

4
4,800 lb
82,000 lb
3,700,000 lb
10 gpm
13,000,000 lb/hr
5 gpm

870,000 gpm

2,600,000 ft3

4/year
16,000 cfm

0.1
0.0001

0.1

0.0005

10

aThis value is constant and corresponds to 0.25% of the operating-power fission-product

source term.



Table D-2. Principal assumptions and parameters for liquid waste treatment systems for Indian Point Unit No. 3

Radioactive waste feed Capacity Processed
System RateuH b Delay Decontamination factors effluent

Rate Concentration oldup Process time
(gpd) (% PCAa) tanks (gpd) (days) I Cs,Rb Cation Anion released

(gal) (%)

Primary coolant systemc

Chemical and volume control system 110,000 100 10 1 10 10 0

Boron recovery 15,000 10 229,000 43,000 3 104  2 x 10 3  10
5  10 5  10

Dirty waste 470 100 29,000 2,900 3 103  104 1i4 10 4 100

Steam generator blowdown 14,000 10 3 0 0 ,0 0 0 d 3 5 ,0 0 0 ad 102 2 102 102 100

Turbine building drain 7,200 0.1 None 100

aprimary coolant activity.

bRated capacity; practical operating capacity reduced by filter backwashing, demineralizer regeneration, evaporator bottoms discharge, and recycling of

off-specification products.
cHoldup decontamination factors in reactor'coolant system: 100 for Mo and Tc; 10 for Y.

dModified Unit No. 1 system providing service for Units Nos. 1, 2, and 3.





APPENDIX E

METEOROLOGY FOR RADIOLOGICAL DISPERSION CALCULATIONS

The meteorological data as furnished by the applicant in the Final
Facility Description and Safety Analysis Report, Supplement 16,
(Table 2.6-1, sheets 1-7) were used. These data were modified as
follows:

1. The wind speed was changed to meters
speed headings in Tables E-1 through
of ranges of wind speeds as follows:
19-24, and greater than 24 mph.)

per second. (The wind
E-7 are the mid-points
1-3, 4-7, 8712, 13-18,

2. The direction was changed to indicate the direction toward
which the wind blows.

3.- The calms were omitted.

4. The frequencies were normalized to total 1.000.

The resulting data are given in Tables E-1 through E-7. Values of
x/Q calculated from these data are given in Table E-8.

E-1
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Table E-1. Frequency of wind speed and direction: A stability condition

Wind Frequency for wind speed (m/sec) of - Total
toward 0.89 2.46 4.47 6.93 9.61 10.73

N 0.00281 0.00281 0.00108 0.00670
NNE 0.00011 .0.00205 0.00162 0.00011 0.00389
NE 0.00162 0.00097 0.00022 0.00281
ENE 0.00022 0.00086 0.00086 0.00194
E 0.00022 0.00151 0.00173 0.00011 0.00011 0.00368
ESE 0.00011 0.00022 0.00162 0.00248 0.00097 0.00540
SE 0.00097 0.00238 0.00281 0.00205 0.00011 0.00832
SSE 0.00194 0.00292 0.00227 0.00065 0.00778
S 0.00011 0.00335 0.00421 0.00086 0.00011 0.00864
SSW 0.00119 0.00076 0.00022 0.00217
SW 0.00032 0.00032 0.00064
WSW 0.00054 0.00011 0.00011 0.00076
W 0.00011 0.00011
WNW
NW 0.00022 0.00022 0.00108 0.00022 0.00174
NNW 0.00011 0.00119 0.00605 0.00399 0.00022 -0.01156

Total 0.00088 0.01879 0.02647 0.01545 0.00444 0.00011 0.06614

Table E-2. Frequency of wind speed and direction: B stabifity condition

Wind Frequency for wind speed (m/sec) of - Total
toward 0.89 2.46 4.47 6.93 9.61 10.73

N 0.00022 0.00184 0.00151 0.00022 0.00379
NNE 0.00011 0.00108 0.00065 0.00184
NE 0.00022 0.00032 0.00054 0.00022 0.00130
ENE 0.00022 0.00032 0.00054
E 0.00011 0.00032 0.00054 0.00054 0.00151
ESE 0.00011 0.00032 0.00032 0.00022 0.00022 0.00119
SE 0.00011 0.00022 0.00032 0.00086 0.00022 0.00011 0.00184
SSE 0.00065 0.00151 0.00054 0.00032 0.00011 0.00313
S 0.00022 0.00108 0.00151 0.00054 0.00011 0.00346
SSW 0.00011 0.00065 0.00065 0.00032 0.00173
SW 0.00054 0.00011 0.00065
WSW
W 0.00032 0.00011 0.00011, 0.00054
WNW 0.00011 0.00011
NW 0.00022 0.00022 0.00011 0.00055
NNW 0.00086 0.00184 0.00151 0.00421

Total 0.00143 0.00842 0.01026 0.00519 0.00087 0.00022 0.02639
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Table E-3. Frequency of wind speed and direction: C stability condition

Wind Frequency for wind speed (m/sec) of -
Total

toward 0.89 2.46 4.47 6.93 9.61 10.73

N 0.00140 0.00108 0.00011 0.00259
NNE 0.00086 0.00032 0.00118
NE 0.00011 0.00022 0.00011 0.00044
ENE 0.00011 0.00022 0.00032 0.00065
E 0.00022 0.00108 0.00022 0.00011 0.00163
ESE 0.00011 0.00054 0.00054 0.00022 0.00022 0.00163
SE 0.00032 0.00022 0.00054 0.00076 0.00065 0.00032 0.00281
SSE 0.00011 0.00065 0.00076 0.00076 0.00022 0.00250
S 0.00051 0.00086 0.00108 0.00054 0.00302
SSW 0.00011 0.00054 0.00086 0.00022 0.00173
SW 0.00022 0.00032 0.00011 0.00065
WSW 0.00011 0.00011 0.00022
W
WNW 0.00022 0.00011 0.00033
NW 0.00022 0.00011 0.00033
NNW 0.00151 0.00140 0.00076 0.00011 0.00378

Total 0.00196 0.00702 0.00842 0.00413- 0.00142 0.00054 0.02349

Table E4. Frequency of wind speed and direction: D stability condition

Wind Frequency for wind speed (m/sec) of - Total
toward 0.89 2.46 4.47 6.93 9:61 10.73

N 0.00399 0.01468 0.00777 0.00227 0.02871
NNE 0.00259 0.00594 0.00421 0.00140 0.01414
NE 0.00281 0.00270 0.00097 0.00108 0.00011 0.00767
ENE 0.00194 0.00205 0.00097 0.00162 0.00658
E 0.00119 0.00227 0.00399 0.00324 0.00097 0.00022 0.01188
ESE 0.00194 0.00151 0:00572 0.01284 0.00767 0.00205 0.03173
SE 0.00162 0.00184 0.00605 0.01112 0.00939 0.00356 0.03358
SSE 0.00238 0.00583 0.00831 0.00939 0.00259 0.00032 0.02882
S, 0.00238 0.01641 0.01717 0.00734. 0.00054 0.00011 0.04395
SSW 0.00356 0.01760 0.01188 0.00313 0.00076 0.00011 0.03704
SW 0.00292 0.00777 0.00205 0.00086 0.00022 0.01382
WSW 0.00248 0.00194 0.00054 0.00022 0.00518
W 0.00281 0.00194 0.00097 0.00011 0.00583
WNW 0.00238 0.00227 0.00151 0.00054 0.00670
NW 0.00292 0.00594 0.00659 0.00097 0.01642
NNW 0.00270 0.01404 0.01490 0.00583 0.00011 0.03758

1 Total 0.04061 0.10473 0.09360 0.06196 0.02236 0.00637 0.32963
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Table E-5. Frequency of wind speed and direction: E stability condition

Wind Frequency for wind speed (m/sec) of - Total
toward 0.89 2.46 4.47 6:93 9.61 10.73

N 0.00443 0.01749 0.01101 0.00151 0.00032 0.00032 0.03508
NNE 0.00529 0.01090 0.00831 0.00086 0.02536
NE 0.00453 0.00842 0.00410 0.00076 0.00011 0.00011 0.01803
ENE 0.00324 0.00410 0.00313 0.00140 0.00076 0.00022 0.01285
E 0.00248 0.00270 0.00594 0.00205 0.00162 0.00054 0.01533
ESE 0.00238 0.00184 0.00777 0.00853 0.00637 0.00173 0.02862
SE 0.00140. 0.00324. 0.01058 0.01296 0.00464 0.00108 0.03390
SSE 0.00259 0.00767 0.00961 0.00756 0.00108 0.02851
S 0.00702 0.01544 0.01609 0.00497 0.00097 0.04449
SSW 0.00680 0.03099 0.019.76 0.00378 0.00108 0.00011 0.06252
SW 0.00637 0.01328 0.00464 0.00065 0.00054 0.02548
WSW 0.00335 0.00345 0.00086 0.00766
W 0.00270 0.00443 0.00194 0.00011 0.00011 0.00929
WNW 0.00313 0.00443 0.00227 0.00011 0.00994
NW 0.00464 0.00669 0.00292 0.00032 0.00065 0.01522
NNW 0.00410 0.01231 0.00961 0.00248 0.00076 0.00022 0.02948

Total 0.06445 0.14738 0.11854 0.04805 0.01901 0.00433 0.40176

Table E-6. Frequency of wind speed and direction: F stability condition

Wind Frequency for wind speed (m/sec) of -
toward 0.89 2.46 4.47 6.93 9.61 10.73

N 0.00238 0.00464 0.00076 0.00778
NNE 0.00335 0.00626 0.00065 0.01026
NE 0.00356 0.00443 0.00076 0.00875
ENE 0.00205 0.00140 0.00032 0.00377
E 0.00227 0.00097 0.00076 0.00011 0.00411
ESE 0.00173 0.00054 0.00086 0.00011 0.00324
SE 0.00184 0.00065 0.00076 0.00022 0.00347
SSE 0.00259 0.00162 0.00065 0.00011 0.00497
S 0.00486 0.00356 0.00076 0.00918
SSW 0.00572 0.01544 0.00551 0.00054 0.02721
SW 0.00540 0.01015 0.00086 0.01641
WSW 0.00335 0.00151 0.00486
W 0.00119 0.00065 0.00184
WNW 0.00097 0.00086 0.00183
NW 0.00173 0.00173 0.00011 0.00357
NNW 0.00313 0.00443 0.00054 0.00011 0.00821

Total 0.04612 0.05884 0.01330 0.00109 0.00011 0.11946
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Table E-7. Frequency of wind speed and direction: G stability condition

Wind Frequency for wind speed (m/sec) of - Total
toward 0.89 2.46 4.47 6.93 9.61 10.73

N 0.00097 0.00086 0.00183
NNE 0.00140 0.00173 0.00011 0.00324
NE 0.00173 0.00054 0.00227
ENE 0.00097 0.00022 0.00011 0.00130
E 0.00086 0.00032 0,00118
ESE 0.00108 0.00022 0.00130
SE 0.00119 0.00022 0.00141
SSE' 0.00108 0.00032 0.00011 0.00151
S 0.00108 0.00054 0.00011 0.00173
SSW 0.00162 0.00453 0.00011 0.00626
SW 0.00194 0.00367 0.00561
WSW 0.00086 0.00011 0.00097
W 0.00108 0.00022 0.00130
WNW 0.00054 0.00022 0.00076
NW 0.00151 0.00011 0.00162
NNW 0.00076 0.00054 0.00130

Total 0.01867 0.01437 0.00044 0.00011 0.03359



Table E-8. Values of x/Q for Indian Point Unit No. 3

Distance x/Q (sec/mr3 ) for indicated direction from stack

(meters) E ENE NE NNE N NNW NW WNW

10.
200.
300.
400.
500.
600.
700.
Ao0.
900.

1000.
1100.
1200.
1300.
1400.
1600.
1800.
7000.
25oo.
3000.
3500.
4000.
4500.

0ooo.
6000.
7000.
RO00.

I1OOO.
15000.
20000.
30000.
40000.
50000.
60000.
70000.
RO000.
M000n0.

5.682--05
3. 251F-05
1. 477F-05
8.438F-06
5.46qr-0 6
3. 922F-06
2. 962F-06
2. 323F-06
1.876F-06
1.550r-06
1.314F-06
1. 129E-06
9. 830U-O7
8. 644F-07
6. 858F-07
5. 592F-07
4.660F 07
3. 312F-07
2. 508E-07
I.•83E-07
1. 618F-07
1. 353F-07
1. 153E-07
8. 848F-08
7.075F-08
5. 831F-08
4.22IF-08
2.422F-08
1.634F-08
9. 747F-09
6. 761F-09.
5.C93F-0q
4. 037F-09
3. 318F-09
2. ROOF-09
2. 114F-09

5.745C-05
3.288F-05
1.494F-05
8. 5429- 06
5.53RF-06
3.975F-06
3.0O4r-0 6
2.397F-06
1.904F-06
1.573F-C6
1.334F-06
1.147F-06
9.980F-C7
8.777F-07
6.964F-07
5. 6 7qr- 0 7
4.732F-07
3.364F-07
2. 548r-07
2.014F-C7
1.644'-07
1.374F-C7
1.171F-07
8.987F-09
7. 186F-09
5.921F-08
4.2 86F-Ce
2.458r-CS
1.657F-08
9.876- 09

6 .8 4 5c-09
5.154F-09
4.084r-09
3.3 55F-09
2. 30F-Oq
2. 135--09

9. 766F-05
5.5805-05
2.532F-05
1.446F-05
q.366F-06
6.719F-06
5.076F-06
3.98IF-06
3.214&-06
2.655r-06
2.249F-06
1.93 3F-06
1.68 1F-06
1.47AF-06
1. 172F-06
9.546F-07
7.949F-07
5.665F-07
4. 298F-07
3.404F-07
2.782F-07
2.3285-07
1.986F-07
1.526P-07
1.222F-07
I . 0085-07
7.304F-08
4. 19SF-O8
2. 832P-OR
1.692F-09
I . 175F-O0
8.860F-04
7.029F-09
5.7819:-09
4.882F-09
3.686F-09

1.115OC-04
6. SROF-05
2.990c-05
1.709F-05
1. 108C-05
7.9954r-06
6.011c-06

4 .717F-06
3.8 105-06
3. 148c-06

2. 668F-06
2. 294F-06
1.997r-06
1. 756C-06
1. 393c-06
1.136F-06
9.462c-07
6.730E-07
5.098r-07
4. 032C-07
3. 29lc-07
2. 752C-07
2. 345r--07
1.800F-07
1. 440:-07

1. 186C-07
R.590F-08
4.927=-08
3.323c-08
1.9810-08
1. 373F-00
1.034r-0R
8. 194C-09

6.732c-09
5.680¢-09
4.2840-09

1. 1 76F-04
6.766F-05
3.093F-05
1.776F-05
1. -* 1 5 0 5

8.307r-06
6. 2 87C-0 6
4.9401-06
3.9955-06
3.305C-06

2.415C-06
2.10SP-06
1.853F-06
1.473r-06
1.2031-06
1.004F-06
7.092r-07
5.341F-07
4.2030-07
3.:417r;07
2 R465-07
2.41RF-07
1.848F-07
1.473r-07
1 210 -07
8.715F-08
4.q61r-0R
3.330F-08.
1.963C-08
1.351-0
1.012r-08
7.972r-09
6.521F-0Q
5.481C-09
4.114F-09

1.1095-04
6.3780-05
2.q169-05
1.674C-05
1.089r:-05
7.8 2AF-06

8.922 r-06
4.651 r-06
3.762r-06
3.112F-06
2.641v-06
2.274F-06
1.Q82r-06
1.745F-06
1.387F-06
1.1 33F-06
9.459F-07
6.678r--07
S.02SF-07
3.957F-07
3.216r-07

2.670C-07
2.2759-07
1.739F-07
1.386F--07
t.1 38 F-07
8.198-O08
4.663F-08
3.128F-o8
1.844r-08
1.269r-0R
9.498c-09
7.483F-09
6. l 9g-0O
5. 142F-09
3.861 -09

7.617C-05
4. 370o-05
1.95€C-05
1.144C-05
7.4 3 4c-06
5.3439-06
4.042r-06
3. 175r-06
2.566Fý06
2.121F-06
1.798r-06
1.54 7 c-06
1. 347c- 06
1. 185r-06
9.407r-07
7.674F -07
6.397C-07
4. 35C- 0 7
3.425E-07
2 .703c-07
2.202r-07
1.838F-07
1.563C-07
1. 197r-07
9.559,-OS
7.865r-08
5.679C-08
3. 234c-08
2.170F-08
1. 284F-08
8.861c-09
6.648C-0q
5.2485-0Q
4.299c -00
3.618r-09
2.720c-09

4.220c-05
2.42 7r-05
1.11I1-05
6.3 R4C-06
4.154C-06
2.* 2F-06
2 .267r-06

1.7831-06
1.4425-06
1 . 193v-06
1.01 3r-06
R.7 2 2 c-07
7,6015F-07
6.692r-07
5. 320r-07
4.346r-07
3.627r-07
2.563F-07

1. 931Fr -07
I .520P-07
1.236r-07
1 .030c-07
8.745F-0R
6.684r-08
.5,.3Z6r-08
4.37S5-OS
3.150r-O0
1. 791c-08
1.201P-AS
7.074r-09
4.864F-09
3. 639r-09
2.86T7-09
2..344F-09
I .969r-0Q
1.476r-09

SI
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Table E-8. (continued)

Distance x/Q (sec/mr3 ) for indicated direction from stack

(meters) W WSW SW SSW S SSE SE ESE

150.
200.
300.
400.
500.
600.
700.
800.
900.

1000.
1100.
1200.
1300.
1400.
1600.
1800.
2000.
2500.
3000.
3500.
4000.
4500.
5000.
6000.
7000.
RO00.

10000.
15000.
20000.
30000.
40000.
50000.
60000.
70000.
RO000.

100000.

4. 814E-05
2.757F-05
1. 257F-05
7.202F-06
4.676F-06
3. 35SF-06
2. 540F-06
1.994E-06
1.61OF-06
1.330F-06
1. 127E-06
9.693F-C7
8.435F-07
7.417F-07
5.883F-07
4. 796F-07
3.995F-07
2. 837F-07
2. 146F-07
1.696F-07
|.383F-C7
1. 15'E-07
5. 840F-08
7.S469-0A
6. 029F-08
4.q65F-OR
3. 590o-CR
2. 048F-08
1. 375F-003
F. 16b -09
5.644F-09
4. 241F-OQ
3. 353F-09
2. 750F-0q
2. 317F-Oq
1. 744F-09

6.042r-05
3.458F-05
t.5 73r-CS
9.0OOF-06
5.837F-06
4.1939-06
3.170:-06
2.49AF-06
2.010F-06
1.661F-06
1.407F-06
1.2109-06
1.053F-06
9.2586-C7
7.343F-07
5.986F-C7
4.196F-07
3.548F-07
2.687F-C7
2.125F-07
1.735C-07
1.450r-07
1.236F-07
9.484F-08
7.5831-08
6.247F-CR
4. 521F-09
2.588F-08
1.743F-08
1.037F-C8
7.1 83F-Cq
5.403F-Oq
4.27RF-09
3.512F-09
2.96lF-0OQ
2.2316-Oq

1.564E-04
8.9288-05
4.052F-05
2. 314F-05
1.499E-05
1.07SF-05
8.124F-06
6.372F-06
5.143F-06
4.247F-06
3.596r-06
3.0896-06
2.686F-06
2.361F-06
1. 870F-06
1.5238-06
1.267F-06
9.043F-07
6.866F-07
5.440F-07
4.448F-07
3.725v-07
3.178c-07
2.443F-07
1.956F-07
1.614r-07
1.t70F-07
6.719F-08
4.534F-08
2.711 r-08
1.883F-08
I .420F-0C
1.127r-08
9.272F-OQ
7.8306-Oq
5.9126-09

2. 293r-04
1. 314C-04
5.987r-05
3. 428c-05
2.2 25c-05
1. 5q99-05
1.2 10~-05
9.505F-06
7. 682F-06
6. 3508-06
5.384S-06
4.63 1-06
4.032c-06
3.'547C-06
2.8169-06
2.2q97-06
I.914C-06
1. 360c-06
1.02AF-06
A. 122=-07
6.622F-07
5.531c-07
4.7090-07
3.610c-07
2.883-07
2. 374r-07
1.715-07
q. 914E-08
6.606c-08
3.923r-08
2.713c-08
2.034F-08
1.612F-09
1.322r-08
1.114r-CR
8. 384P-0q

1.474C-04
9.477c-05
3.874F-05
2.2249-05
1.446F-05
1.040F-05
7.R749-06
6.188"-06
5.035F-06
4. 142F-06
3.516C-06
3.028F-06
2.63QP-06
2 .324r-06
1.949r-06
1 .51OC-06
1.260r-06
8.90IF-C7
6.704c-07

5.276r-07
4.289c-07
3.5739-07
3.035F-07
2. 320c-07
1.48%R-07
1.5196-07
1.094r-C07
6.2 33c-08

4.186r-08
2.470c-08
1.700F-OR
1.2731-08
1.0049-08
A.213-09

6.q06r-OQ

5.183F-09

8.907C-05
4.8RSF-O5
2.228F-05
1.277l-05
8.2q8C-06
5.958C-06
4.504F-06
3.536f-06
2.858F-06
2.363r-06
2.005F-06
1.72'C-06
1.502F-06
1.322C-06
1.0506-06
B. 574r--07

7.1516-0C
5.061 6-07
3.81OF-07
3.011F-07
2.451r-07
2.044F-07
1.173q-07
1.331F-07
1.062F-Cl
8.73S 6--OR
6.304F-08
3.S966-08
2.417F-08
1.430F-08
9.872V-OQ
7.408F-Oq
5.850F-09
4.7q38-OQ
4.034F-qO
3.0 3cC-09

6.986C-05
4.008E-05
1.826c-05
1.0 46P-05
6.794C-06
4.876 -06
3.684F-06
2.pq9rF-06
2.336F-06
1.931F-06
1.638C-06
1.409r-06
1.2278-06
1.079--06
8.570c-07
6.993c-07
5.8 31 P-07
4. 130r -07
3.119F-07
2.4608c-0
2. 0046 -07
1.672E-07
1.423r-07
8.OQO6-07
8.69RF-OR
l.1576-08

5.169E-08
2. q c 1 F - 0R
1. 98 5C -08
1.177-C08
8.135F-09
6.1126-00
4.8 316-09
3.962F-Oq
3.3 379-Oq
2. 514P -09

6.5386-0R
3. 753V -OS
Io7130-05
9.8231-06
6. 381r-06
4. 585c-06
3.466C-06
2.721r-06
2.14tqq-06
1 • 818r-06
1. 542C-06
1. 3276-06
I . 155r-06
1.017P-06
8. 073V-07
6. 5R96-O7
5.4946r-7
3. 890r -07

2.936F-07
2.31 rir-0
I. 885r-07
1. 572c-07
1. 337P-07
1.024P-07
8.170C-OR
6.721r-OR
4. 851-6'fR
2. 7163F-0R
I. 455R8-OR
I.097r-08
7. 570C-Oq
S. 67q1-09
4.483r-019
3. 672c-09
3. OOC-09
2. 3264-nq





Appendix F

LIFE HISTORY INFORMATION OF IMPORTANT FISH SPECIES
IN THE HUDSON RIVER NEAR INDIAN POINT

From an ecological standpoint, the most important fish species
occurring near Indian Point are the estuarine and marine forms
that migrate through the area to spawn and those that require the
estuarine environment for a nursery area. Fresh water and marine
fishes that occur in the area from time to time through random
wandering are less important to the area and will not be discussed
in detail.

Shortnose Sturgeon (Acipenser brevirostris)

The smallest species of sturgeon, the shortnose sturgeon, is
classified as an endangered species. 1 Apparently, it never grows
to more than about 3 ft.

The early history is unknown. Few small specimens have been re-
corded; probably the smallest fish is one of 7.3 in. (about 185
mm), from North Carolina. The smallest specimens taken in the
Hudson River were two females, both a little less than 18 in.; one
weighed 15 oz and the other 19 oz. The sizes of five specimens
from the Delaware River observed by Ryder ranged between 18 and
23 in. Age determinations based on otolith readings 2 .have shown
that A. brevirostris is a very slow growing species. Specimens
of brevirostris from the Hudson River that measured 17 to 35 in.
(about 430 to 890 mm) total length were 4 to 15 years old.

Males may mature when they are only about 20 in. total length,
and most of them do so by the time they pass 21 in.; most of the
females mature at about 24 in. The ripe eggs are dark brown and
the fecundity is not known. Spawning takes place in rivers early
in the spring. For Hudson River fish, the spawning season evi-
dently includes late April.

Because of its small size, A. Brevirostris has attracted little
attention except when taken in nets in fresh, brackish, or salt
water. It is found most often in tidal rivers, but the capture
of specimens in the Gulf of Maine shows that some certainly go
out into the open sea and wander for some distance from the parent
stream.

Studies of stomach contents from Hudson River specimens showthat
A. brevirostris feeds upon the bottom, eating small animals and
plants intermingled with mud. Some of the organisms consumed are
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sludgeworms, chironomid larvae, and small crustaceans. 3 Judging
from the stomach contents of fish taken from the area between
Rhinebach and Nyack, they seem to feed mostly on the bottom at a
depth of 12 to 30 ft4 with a main diet of snails, clams, crusta-
ceans, and other bottom organisms.

The breeding range of A. brevirostris is not clearly defined, but
it certainly includes the Hudson River, where the spawning areas
appear to be very restricted. 2 The Delaware River may still main-
tain a small local population, and the Saint John River in New
Brunswick probably has a spawning population, judging by the near-
spawning condition of a male and female taken at Gagetown. If,
through increased pollution or habitat changes, the population is
no longer able to persist in these northern rivers, the species
may become dangerously reduced. 2

Atlantic Sturgeon (Acipenser oxyrhynchus)

The Atlantic sturgeon is an anadromous fish found on the Atlantic
coast from the Saint Lawrence River, Canada, to northern Florida.
This species lives in both fresh and brackish waters of the Hudson.
Adults enter the river in the spring to deposit their eggs in fresh
or brackish water (possibly preferring brackish), 5 and they then
spend the remainder of the summer in the river before returning to
the sea in the fall.

Sturgeon are bottom feeders and are usually found on sand or mud.
Their diet consists mainly of worms, insect larvae, crustaceans,
molluscs, and small fish. 6

Female Atlantic sturgeons produce from 1 to 2-1/2 million eggs for
each year's spawning. The eggs are heavy and strongly adhesive,
sticking to each other and to the river bed, where they are de-
posited in large masses. 2 ,6 The eggs, 2.5 mm in diameter, hatch
in about 6 days. At hatching, the larvae are about 11 mm long,
but they reach a length of about 4 in. (10 cm) in one month's
time.2,6 Sturgeon young live on their yolk sac until about 20 mm
long, then begin to feed on planktonic crustaceans. At a length
of about 9 in. (23 cm), they become bottom feeders, rooting in the
sand or mud with their snouts for amphipod and isopod crustaceans. 6

Their juvenile distribution is not well known, because unlike
striped bass and other species, the young are not taken by seines
along the river's edge. Young sturgeon may remain in rivers until
they reach 30 to 36 in. (76 to 91 cm) in length. 5  In March of
1968, 500 Atlantic sturgeon were captured in Haverstraw Bay with
the 40-ft otter trawl. Of these, a sample of 71 fish ranged from
10 to 34 in. (26 to 87 cm). 3
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The Atlantic sturgeon is an anadromous species, invariably spawn-
ing in fresh or brackish water but making its growth in salt water.
The adults migrate from the sea to fresh water in advance of the
spawning season. The spawning migration begins at the end of
April or beginning of May in the Hudson River.

When laid, the eggs are light to dark brown. The outside membrane
of ripe eggs readily imbibes water and becomes attached to weeds
and- stones and the eggs are probably scattered over a wide area.
There is no evidence of prenatal care, such as preparation of a
nest area.2,5

Sturgeon are bottom fish and are seldom seen except when taken in
nets or when jumping, and surprisingly, this relatively sluggish
species is capable of making powerful jumps.2

Very little appears to be known about the behavior of the sturgeon
in salt water. These fish can adapt to a sudden change from salt
to. fresh water, or vice versa. Some tagged specimens were forced
to abruptly change salinity habitats at least twice during the
same season, apparently without harmful results, because they were
recaptured alive. 2

The large sturgeon feeds on molluscs and other bottom organisms.
It roots in the sand or mud with its snout to uncover the worms
and molluscs on which it feeds and sucks into its mouth with con-
siderable amounts of mud. 2 , 6 The sturgeon also eats small fishes,
particularly launce(Amodytes). 2 The mature sturgeon, like the
salmon, eats little or nothing while traveling up the river to
spawn.,.

The digestive tracts of 26 young A. oxyrhynchus weighing 1 to 7
lb from the Hudson River contained bottom mud along with plant
and animal matter, including sludgeworms (Limnodrilus), chironomid
larvae, isopods, amphipods, and small bivalve molluscs (Pisidium). 2

The food of A. Oxyrhynchus varies with the type of habitat, as in
the Saint Lawrence River, Quebec. Polychaete worms (Nereis virens)
were found (265 on the-average; the maximum number in a single
stomach was 1,221) in 27 half-grown sturgeon taken in salt water.'
In addition, the sturgeon fed on marine gastropods, shrimps (Crago),
amphipods, and isopods, in that order. In fresh water, the bulk
of the food consisted of aquatic insects, amphipods, and oligo-
chaete worms; in 88% of 178 sturgeon examined, larvae of the
burrowing mayfly (Hexagenia) were present.?
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.Bluefish (Pomatomus saltatrix)

The bluefish occurs on the Atlantic coast seasonally from the
Florida Keys to southern New England. 3 Throughout this range, it
is particularly abundant in southern Florida, in North Carolina
and Virginia, and from New Jersey to southern Massachusetts.

In the north, bluefish spawn in July and August between the 15-
fathom (27-m) isobath and the edge of the shelf from northern
North Carolina to Long Island.

After spawning, young bluefish lead a pelagic life for one month
or longer, depending on the distance they must travel to the coast
from the spawning areas and upon water temperature and other un-

known environmental variables. In the New York area, the young
arrive in two waves. The first reaches the coast from late June
to early July, when most juveniles range from 3 to 5 in. (7.5 to
12.5 cm) in length. These juveniles are probably recruits from
the spring spawning south of Cape Hatteras, having been carried
north by the Gulf Stream system. The second wave, which reaches
Middle Atlantic coasts in mid-August when the young range from 1
to 4 in. (3 to 10 cm), are probably recruits from the northern
spawnings in summer. Those of the first wave change from a diet
largely of planktonic forms (crustaceans and fish eggs) to one of
small fish when they are 2.4 to 3.5 in. (6 to 9 cm) long. This is
about the time they become abundant along the coast and move into
the Hudson estuary. They grow very fast during the course of their
first summer, those of the first wave reaching around 10 in. or
more before the end of the summer. They leave the estuaries in
the early part of autumn and disappear into the sea for winter.
According to Greeley, 7 bluefish were moderately common in the
Hudson in August and September in 1937, with considerable numbers
of young fish inhabiting the lower areas of the river. However,
recent surveys have not indicated so great an abundance in the
area.

Menhaden (Brevoortia tyrannus)

The menhaden is a very abundant and economically important oceanic
member of the herring family. 3 Its range extends from Nova Scotia
to Florida. Adults undertake extensive migrations, moving north-

ward along the coast in spring and southward in fall. During the
summer, they tend to be found in inshore areas, while in winter
they move to deeper water. They spawn at sea over a wide geo-
graphical range throughout much of the year. 8. The larvae move
inshore to enter the estuaries along the coast and usually congre-
gate near the upstream limits of the tidal zone. These areas are
rich in plankton organisms, such as diatoms and holophytic
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flagellates, which provide the food necessary for the survival of
the young. As they increase in size, they tend to move farther
downstream, and as fall approaches, they congregate near the mouth
of the river before moving out to sea. 8

In 1936, Greeley reported that young menhaden were common in the
Hudson and were numerous at the mouth of the Mamroneck River in
mid-July. 7 In recent surveys, the menhaden have not been abundant.
However, this species may once again become abundant as pollution
abatement measures reduce the pollution level of the lower Hudson. 3

Menhaden feed on small organisms strained from the water by their
numerous long, slender, close-set gill rakers, which form an ef-
fective strainer. While feeding, the fish generally swim near the
surface and often "break water;" they whirl around, sound a short
distance, come out of the whirl, and swim up and straight ahead
at a considerable speed for a rather short distance. During this
time, the mouth is wide open and the gill covers are lifted, thus
making it possible for a fish to filter a great amount of water
with minimum effort. The food that is ingested depends in large
measure upon the organisms present where the fish is feeding.
Even a considerable amount of mud and general debris is often
swallowed. Included in the stomach contents examined by various
investigators were numerous small crustaceans, especially copepods;
small annelid worms; rotifers; and unicellular plants, particularly
diatoms and peridinians. Plant organisms, as a rule, constitute
the chief food. 9

Most predatory animals associated with the sea feed on.Atlantic
menhaden - an easy prey because of their habit of schooling.
Their fiercest enemy probably is the bluefish (Pomatomus), which
kills many more than it eats. Among the other fish that feed
extensively on menhaden are the cod, pollock, hakes, weakfish,
swordfish, tuna, dolphin, amberjacks, and sharks. Whales and
porpoises, as well as birds, also devour many of them.9

Large commercial fisheries for this species obtain two products
from them - oil and fish meal. The fish meal is used for poultry
and livestock feed. These fish, though exceedingly valuable, are
not used very extensively as food by man, mainly because of their
bony nature and oiliness. However, some find the flesh delicious,
and many people living along the coast, especially the fishermen,
eat them in season as a common article of diet. Considerable
quantities are often "corned" (salted) for home use during winter,
and they are said to be delicious when smoked. They were canned
to a limited extent for export during the last war, and a small
quantity is still canned for home consumption. 9
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American Shad (Alosa sapidissima)

The American shad is an anadromous fish of the herring family,
Clupeidae. Its range includes offshore, coastal, and river waters
from Newfoundland to the Saint John's River, Florida. Shad are
most abundant from Connecticut to North Carolina. They spend
their adult lives in the ocean, except in spring, when they ascend
rivers along the coast to spawn. Hudson fish, like others that
spawn in rivers north of the Chesapeake Bay, are said to return
to the sea and migrate north to the Gulf of Maine waters.5 In
winter they are presumed to remain in the deeper offshore waters
of the Middle Atlantic coast, moving inshore again as the spawn-
ing season approaches. 1 0

Shad begin their spawning run into the Hudson in late March and
early April, and the run continues until the end of June. Although
much of the river below the Troy Dam is used for spawning, the
major breeding area appears to be just below the town of Catskill. 1 1

The average number of eggs produced by a single fish'varies be-
tween 25,000 and 30,000, with larger fish producing more eggs than
small ones. 1 2 The eggs are deposited in the water and sink, to be
carried along near the bottom by the current. They are reported12
to hatch in 52 hr at an average temperature of 57.2*F, and in less
than 36 hr at an average of 74'F. However, a longer incubation
period has been reported. 1 2 Eggs held under artificial conditions
hatched in 12 to 15 days at 53.6 0 F (12'C) and in 6 to 8 days at
62.6'F (17%C). The yolk is absorbed in 4 to 5 days at 62.5'F. 1 2

Newly hatched larval shad average 0.40 in. in length and are
transported by water currents. 1 2 They were most abundant near
river mile 110 *during the 1940-1942 surveys (New York State
Conservation Department, 1943).

The young, as they grow, tend to disperse from the upstream spawn-
ing grounds down into the lower brackish parts of the river. The
larvae appear to feed on plankton; the principal diet of juveniles
consists of small crustaceans and insect larvae. 1 3 Those found
in the lower estuarine parts of the river are reported to grow
faster than those further upstream.1 4 In the autumn, the young
migrate to the sea to stay until they mature and join the annual
spring migrations' into the river for spawning.

By working with young specimens from the Shubenacadie River, a
'tributary to the Bay of Fundy, and its estuary, Leim found that
the first food taken by larvae 11 mm 'long consisted of midge
larvae (Chironomidae), while the somewhat larger larvae fed
principally on mature and immature copepods.1 5 In fact, these
organisms constituted the chief food of the young up to the time
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of transformation, and the relative abundance of these forms in a
particular locality determined which food predominated. These
data show also that young adults taken in the same vicinity con-
tinued to subsist principally on these same organisms. Other
foods ingested consisted of ostracods, insects, and fish. 1 2

Little or no food has been found in the stomachs of shad caught
while in fresh water en route to their spawning grounds, indicat-
ing that these fish, like salmon, do not ordinarily feed at that
time. However, there are some records showing that adults occa-
sionally do take food while in fresh water, at least late during
the spawning season. They will often take a live minnow or an
artificial fly when working upstream on their spawning run. 12

From an examination of about 350 stomachs of both mature and
immature fish caught in the salt water of Scotsman Bay (Bay of
Fundy). Leim found that, while copepods constituted the chief
food of the smaller ones, as in fresh water, these crustaceans
were unimportant in fish 400 mm and more in length. 1 5 Mysids,
which were sparingly eaten by small fish, were the chief food of
adult fish. In general, about 90% of the specimens of all sizes
from that area had eaten copepods and mysids, with ostracods,
amphipods, isopods, decapod larvae, insects, molluscs, algae,
fish eggs, and fish making up the remainder. After examining many
stomachs of specimens taken in the Bay of Fundy, Willey also con-
'cluded that the chief foods consisted of copepods and mysids, with
a few shrimp and larval stages of barnacles. 1 2 Stomach samples
from Hudson River fish support his conclusions. 1 3

The shad is still an important contributor to the Hudson River
commercial fishery. The catch was 238,000 lb in 1965 and 245,000
lb in 1968. The peak catch during the past 50 years was 3,800,000
lb in 1944. Sport fishing for shad in the Hudson is currently
unimportant.3

Although there is no sport fishing for shad in the Hudson, more
than 100,000 sport fishermen fished for shad in other Atlantic
coastal rivers, estuaries, and bays in 1965 and took an estimated
4,700,000 lb of them. From Maine to North Carolina, commercial
fishermen took 6,372,000 lb of shad in 1965. The part of this
catch that depends upon Hudson stock is not certain. However,
tagging experiments in the river indicate that Hudson shad migrate
as far north as Maine and as far south as North Carolina, and thus
contribute to coastal fisheries far from New York. 1 1 Tagging shad
from pound nets on the New Jersey and New York coasts in 1956 indi-
cated that Hudson River stock made up 76% of the catches of these
nets; therefore, these catches were dependent on the size of the
Hudson River shad population. 1 6
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Bay Anchovy (Anchoa mitchilZii)

The bay anchovy is a schooling species found in coastal salt and
brackish waters, ranging from Mexico to Maine. This species has
a long spawning season from late spring to September in the New
York area and is a major component of the fish fauna at Indian
Point.

A total length of 4 in. (100 mm) is seldom exceeded, with a usual
length of about 3 in. (75 mm). The largest specimens have been
taken in New York, where this species evidently grows larger than
in the southern part of its range. 1 7

The anchovy numerically is the most abundant fish caught by trawls
within the study area near Indian Point. This species constituted
43% of the bottom trawl and 68% of the surface trawl catches.
However, it made up less than 1% of the beach seine populations,
occurring only in small numbers in 11 catches from August through
October.18

The highest concentrations of the anchovy were observed during the
months of August through October and were confined primarily to
Haverstraw Bay. 1 8 There appears to be a general dispersal of the
anchovy population from lower Haverstraw Bay in July throughout
the entire Bay during August. The anchovy was caught in every
surface and bottom trawl sample taken in September by Raytheon Co.
investigators in 1969.19 There is an abrupt decrease and general
disappearance of the anchovy from the area during November and
December. This species occurred at only three of the 14 bottom
trawl stations sampled during December, and the three stations
were located in the immediate vicinity of the Indian Point and
Lovett Power Piants. 1 7

The eggs are buoyant when spawned but gradually become demersal.
They hatch in about 24 hr at room temperature.17 The newly hatched
fish, 1.8 to 2.0 mm long, are rather slender, are perfectly trans-
parent, and have no pigment spots. The yolk sacs are absorbed
within about two days, and the large mouths, which are terminal at
this stage, then seem to be functional. Larvae of this species
are found at Indian Point.

Young-of-the-year fish, immatures, and adults are abundant from
late spring to early autumn in the lower Hudson River. The early
young of the season may become sexually mature during their first
summer, for specimens 45 to 60 mm long that remained quite trans-
parent, taken late in July and during the first half of August,
contained well developed roe.18
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The food apparently consists mostly of Mysis and copepods, the
latter .being the sole food of the young. Other food includes
small fish, gastropods, and isopods.17

Eels (Anguilla rostrata)

The American eel is a catadromous species found in abundance in
the Hudson River. The species occurs from the Gulf of Saint
Lawrence to as far south as Brazil. The eel spends most of its
life in freshwater creeks and ponds, rivets, and estuaries but
migrates to the Sargasso Sea southwest of Bermuda to spawn. Newly
hatched larvae, with the help of ocean currents, migrate from the
ocean spawning grounds to the coastal rivers. The females travel
far upstream into freshwater environments, but the males remain in
the estuarine environment near the mouth of the river. As a mature
adult, several years later, the eel retraces its route back to the
oceanic spawning grounds, where it breeds and then dies. As eels
migrate upstream in the vicinity of Indian Point, they are rela-
tively common both in the surface and bottom samples but less so
at mid depth. 1 8

A small commercial fishery for eels is carried on in the Hudson
River. The catch was 5,300 lb in 1965 and only 2,500 lb in 1968.
Sport fishing catches are undoubtedly much higher than this, but
no estimates are available for the Hudson. 3

This species has been found to be a major component of the fish
fauna in certain New Jersey streams 2 0 and may play a similar role
for the tributaries of the Hudson.

Tomcod (Microgaidus tomcod)

This species was previously described in relation to the Hudson
by Clark and Smith. 3 The tomcod is a marine species that commonly
spawns in the Hudson. It is a member of the family Gadidae, which
contains some commercially important species. Tomcod spawn in
shallow estuarine waters and around stream mouths. The demersal
eggs are about 1.5 mm in diameter, heavy, and adhesive. They
hatch in 24 to 30 days, depending on the temperature of the water.
Spawning occurs from January through April in brackish water, and
larvae are common at Indian Point in early spring. The adults
move into the estuary from October-to December and return to the
lower estuary or the Atlantic after spawning. The juvenile fish
spend their first summer in the waters where they were spawned
and grow to a length of 2-1/2, to 3 in. by the following autumn.
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Tomcod feed on a variety of organisms including small crustaceans,
especially shrimp and amphipods, worms, small molluscs, squids,
and small fish. They are most commonly found on.the bottom.

White Perch (Morone anericana)

This species is found in fresh, brackish, and coastal salt water
between South Carolina and Nova Scotia. 2 1 Spawning of demersal
and adhesive eggs (7.5 mm in diameter) occurs in fresh and brack-
ish water from April to June, depending on geographic location,
and at water temperatures between 45 and 60'F. 22 The eggs hatch
in about 3 days at 58*F. Young and adults remain in fresh or
brackish waters. They frequent shoal areas, except in winter,
when they congregate in the deeper parts of bays and rivers, to
remain sluggish until spring. During spring, summer, and autumn,
localized wandering occurs. 2 1 This species feeds. on small crusta-
ceans and small fish. 1 3 ,21

The white perch is a major resident species at Indian Point. It
is one of the most abundant species in the lower Hudson and is
found throughout the year in all life stages at Indian Point. 1 8

This species grows to about 15 in. and weighs from 2 to 3 lb. It
is of limited commercial importance but is commonly fished for
along the shore at many localities. 1 8

American Smelt (Osmerus mordax)

American smelt' from salt water average 7 to 9 in. long when fully
grown and about 12 to 13 in. at the maximum. They ordinarily run
between 1 and 4 oz, with very large individuals weighing up to
6 oz. The following discussion has been abstracted from a dis-
cussion by Bigelow and Schroeder. 23

Females weighing no more than 2 oz may produce as many as 40,000
to 50,000 eggs; one 9.12 in. long female taken in Crystal Lake,
Michigan, contained 43,125 eggs. The eggs, which range in diameter
from 0.6 mm to about 1.2 mm in different waters, sink to the
bottom, where they adhere to each other in clusters or cling to
any object they settle on. In European waters, the eggs hatch in
8 to 27 days, depending on the temperature of the water. In
Massachusetts, they have been reported to hatch in 13 days.

The larvae are about 5 to 6 mm long when they hatch and are per-
fectly transparent at first. Once hatched, they rise close to
the surface and drift downstream. On the average, they grow to
17 or 18 mm during their first month, 27 to 34 mm during the
second month, and about 40 mm after 3-1/2 months. By the time
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the larvae have grown to 8 mm, the yolk sac is mostly absorbed,
at 15 mm all the fins are more or less developed, and by 45 mm
the formation of scales has begun.

In their second spring, when 1 year old, the fry average about
3.4 in. long. From scale studies they appear to average as
follows: at 2 years about 5.7 in. and about 0.6 oz; at 3 years,
6.7 in. and about 1.1 oz; at 4 years, 8.7 in. and about 2 oz. The
largest specimen measured was about 9 in. Four or more year
classes are often represented in the commercial catches.

The marine fish normally spawn in freshwater, and as a rule they.
do not travel far upstream; they may go only a few hundred yards
above the head of the tide. Others spawn in the tidal zone or
even in brackish water behind barrier beaches. They generally
spawn on pebbly bottom where there is a current, often in water
only a few inches deep. Most often the spawners are 2 years old
or older. Spawning takes place in late winter or early spring,
depending on the temperature of the water. According to data
from hatchery operations, the chief production of eggs takes place
in temperatures of 50 to 57'F in Massachusetts and of about 45 to
50*F in Grand River, Quebec, representative of the northern part
of their range. The spawning period lasts 10 to 14 days and is
completed ordinarily by mid-May. The spent fish move downstream
to brackish or salt, water immediately after spawning, so that all
of them have left fresh water by the middle of May.

The smelt mature in brackish or salt water if they are not land-
locked. During the marine phase of their life, they are confined
to so narrow a coastal belt that none have ever been reported more
than about 6 miles out from the land and seldom below 2 or 3
fathoms deep; the deepest record for them is 9 or 10 fathoms at
the mouth of Port-au-Port Bay on the west coast of Newfoundland.
Many of them spend their entire growth period in estuarine areas,
including the tidal reaches of rivers.

Their habitat in the summer along any particular section of the
coast appears to depend chiefly on the temperature of the water.
From Massachusetts southward, most of them desert the harbors and
similar situations during the warmest season, moving only far
enough out and deep enough to find slightly cooler water. Along
the coasts of Maine and the Maritime Provinces of Canada, however,
where water temperatures are lower, they are found in the harbors,
bays, and estuaries all summer.

With the onset of autumn, those that have moved out to sea reenter
the harbors and estuaries, so that by mid-October or early November,
practically the entire population is concentrated there. The
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smaller ones tend to reappear the earliest, but reports are con-
tradictory in this respect. By December, some have even worked
up into stream mouths to the head of the tide. But the fish that
will breed that season, most of which are at least 2 years old,
do not actually enter fresh water until late winter or early
spring, when the water off the mouth of the stream has warmed to
at least 39 to 42°F.

The movement of the maturing.fish into fresh water commences late
in February along the southern coast of New England and southward,
sometime in March along northern Massachusetts, seldom until April
along the eastern part of the Maine coast, and not until the latter
half of May along the southern shores of the Gulf of Saint Lawrence.

This species, though confined to shallow water, is not a bottom
fish but tends-to hold position at some intermediate level. The
small ones, and probably the large ones also, gather and travel in
schools composed, for the most part, of fish of about the same
size - the product of one year's hatch. In the smaller harbors,
they tend to move in and out with the tide, especially if the
tidal flow is strong.

This species is carnivorous and predaceous. In salt and brackish
water, shrimps (decapod and mysid) probably are their chief support
on the Massachusetts coast; similarly, the stomach contents of
those in the Gulf of Saint Lawrence have consisted chiefly of
copepods, amphipods, and mysids, with algal debris probably taken
incidentally. In some localities, small fish rank next. They have
been found packed full of young Atlantic herring on the coast of
Maine, and a wide variety of fishes have been recorded as occurring
in their stomachs at Woods Hole. They also take small shellfish,
small squid, annelid worms, and small crabs. But they cease to
feed during the spawning season, as many other fishes do.

American smelt have been a favorite subject for artificial propa-
gation. Many million fry were hatched in past years at the Cold
Spring Harbor Hatchery, New York, as well as the Palmer Hatchery,
Massachusetts. The results have been widely heralded, for great
catch increases were reported for streams where fry were released.
The most notable example is that 32 million eggs were collected
in 1885 from a New York stream where there had been no smelts for
at least some years previous. A similar example, though less
spectacular, was reported for Massachusetts.

The American smelt is a favorite among the market fish, and great
numbers, especially from the Gulf of Saint Lawrence, are marketed.
The average landings reported for the 4-year period 1951-1954 were
5,323,000 lb for the Canadian Atlantic coast and 150,700 lb for
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the United States coast, a total of 5,473,700 ib; this represents
55 million individuals if these ran, for example, 10 to the pound,-
all marketed for human consumption. Years ago they served as cod
bait in the Gulf of Saint Lawrence, and.large quantities were used
as manure along the Gulf of Saint Lawrence shores of New Brunswick.

Alewife (Alosa pseudoharenqus)

The alewife is'an important forage species found along the coast
from Nova Scotia to the Carolinas. ,During April and May, the fish
travel upstream into many tributary creeks and ponds to spawn at
temperatures of 50 to 60'F, sometimes in rapidly flowing water but
usually in sluggish water, often only a few inches deep. After
spawning, the adult fish return to the sea, remaining in the
coastal waters in the general vicinity of their natal estuaries. 1 2

The average female deposits about 100,000 adhesive eggs in the
annual spawning. After the demersal eggs hatch, the young alewives
at about 5 mm long are carried along with the current. They grow
to about 15 mm in a month's time, when they are common at Indian
Point. When they are about 1 to 1-1/2 in. long, they are found
in the shallows of the Hudson upper estuary, as well as in the
freshwater parts of the river, and they apparently feed on small
crustaceans and insect larvae. 1 8 Raytheon data indicate that
these fish prefer to remain near the bottom. 2 4

Although some of the young may'remain in the river for more than
a single season, most move out to sea before or at the end of their
first season. They remain in salt water until they reach sexual
maturity (at about 3 or 4 years old), at which time they return
to the rivers to spawn. 1 2

Blueback Herring (AZosa aestivalis)

The blueback herring closely resembles the alewife, and the two
are often confused. The blueback has a more southerly range, ex-
tending from Nova Scotia to northern Florida, and is more abundant
south of New England. Bluebacks spawn later in the season than
alewives, usually when water temperatures reach 70 to 750F. 3 They
do not seem to run far above tidewater in the Hudson, preferring
deeper water, with most spawning probably occurring in the open
river above Indian Point.1 8 Bluebacks return to the sea soon
after spawning to reside in the inshore coastal waters until
winter, when they apparently move offshore. 1 2

The eggs of the blueback are demersal and adhesive and hatch in
about 50 hr at 72'F. The larvae are common at Indian Point.
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Within a month, the young reach a length of 1 to 2 in. They spend
the summer in fresh and brackish water nursery areas. 3 During a
sampling program conducted in the summer of 1966, young blueback
herring were found to be the second most abundant species along
the shores of the Hudson. 2 5 In the late summer and fall, they
move out of the river to the sea.

Young bluebacks in the Hudson feed mainly on small crustaceans and
insect larvae; 1 3 as adults, they feed mainly on copepods and amphi-
pods.1 2 Raytheon data indicate that the blueback herring has a
stronger preference for surface water than its relative, the
alewife.18

Striped Bass (Morone saxatilis)

The striped bass is an anadromous species of the family Serranidae.
This family includes freshwater, estuarine, and marine forms.
Although the species was originally an Atlantic form, it has been
successfully introduced on the Pacific coast and is a common food
and game fish in that area. On the Atlantic coast, these fish are
found from Florida to Nova Scotia but are most abundant in pro-
tected waters between North Carolina and Massachusetts. Large
fish often reach 35 lb or more and are generally found along the
open coast within 5 miles of shore. 3 Most stripers are found
associated with bays, sounds, and tidal rivers. However, accord-
ing to Clark, 2 6 they are also abundant along the Atlantic seaboard
from the Delaware Bay to Cape Cod.

Clark 2 6 described the movements of striped bass in the area from
the Chesapeake Bay to New England. Evidence from his studies, as
well as previous studies, indicates that the species is not homo-
geneous but is, instead, composed of a number of separate groups
that are more or less isolated from other groups. In southern
waters, the fish remain in protected water throughout their life
span, and as a consequence, the various populations have little
interchange and are most intensely isolated from each other. In
contrast, striped bass from the Chesapeake Bay north to New England
commonly leave their nursery areas after 3 or more years and mi-
grate in groups along the. open coast. Summer movements are gen-
erally north, while winter movements are generally south. In the
northern part of their range, the striped bass become dormant in

the winter.

Striped bass tagged in the Hudson have been caught in fisheries as

far away as Massachusetts. However, most of the Hudson striped
bass contribute to the commercial and sport fisheries in Connecticut,
New York, and New Jersey. 3 Stripers that originate within the
Hudson appear to be subdivided into three major groups: those that



F-15

remain within the Hudson River,-those in the southwestern portion
of Long Island Sound, and those that are typically located along
the New York-New Jersey coast. 2 6 In New York, Connecticut, and New
Jersey, where the striped bass fishery is most dependent on the
supply from the Hudson, the 1965 commercial catch amounted to
1,500,000 ib, and the sport catch has been estimated as over
19,000,000 lb caught by some 200,000 anglers. 3

The best available evidence indicates that bass from New, Jersey to
Connecticut spawn in the Hudson. Clark 2 6 concluded that the
"Hudson River is by far the most important spawning stream" in the
New York area.

Details of the spawning and distribution of the species in the
Hudson were described by Clark and Smith, 3 McCann and Carlson, 2 7

Jensen, 2 2 Schaefer,28 Raney,29 and Rathjen and Miller. 3 0 Their
conclusions are summarized in the following description. The
species spawns from Kingston to Bear Mountain, withthe greatest
concentrations of eggs in the vicinity of West Point, although the
exact location varies from year to year. The variability is the
result of the fact that the greatest area of spawning is a few
miles upstream from the salt water front, which varies in location
from year to year. The nonadhesive demersal eggs are semibuoyant
and require sufficient vertical water flow to remain suspended.
Eggs are encountered most often in fresh or only slightly brackish
water (salinity below 1 ppt). They average 0.134 in. in diameter
and hatch in 2 or 3 days at 60 to 64oF. 3 1 After hatching, the
larvae, which are about 0.13 in. long, continue to drift down-
stream. At this.stage in development, the larvae are still unable
to move effectively against the currents and will settle to the
bottom in quiet water despite swimming efforts to approach the
surface. These larvae are reported to be concentrated above the
Haverstraw Bay area, with the greatest abundance between Peekskill
and Newburgh. Once the larvae reach a length of 0.5 in., they
appear capable of sustained swimming. The larvae make extensive
vertical diurnal migrations and are found in surface water at
night and nearer the bottom during the day.22,24 After they reach
a length of about 1 in., they are found in greatest abundance in
Haverstraw Bay.

As related to the Indian Point site, the striped bass generally
spawn upstream from the area. Both eggs and larvae drift down-
stream past Indian Point. However, the majority of the spawn that
drift through the Indian Point area is composed of larvae rather
than eggs. A large proportion of the yearly spawn passes Indian
Point as eggs, larvae, or early juvenile stages. The young fish
apparently stop along shoal areas and remain there.
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This species, like white perch, shows a definite preference for
the bottom waters in shoal areas. Only small numbers were collected
in the bottom trawls at the channel stations north of Stony Point,
whereas large numbers were caught on shoals in Haverstraw Bay and
in Peekskill Bay.24

After spawning, the adults generally return to sea. Larvae and
young-of-the-year remain in freshwaters and estuaries. Striped
bass in the Hudson may -remain in the estuary for 2 or 3 years
before migrating to the sea. During winter, adults and young are
found in the lower regions.

As larvae and young-of-the-year, striped bass feed primarily on
microcrustaceans. As they grow, their diet changes from smaller
to larger forms. Garnarus apparently makes up a major proportion
of their diet, but most other microcrustaceans are also taken,
and there is evidence that a .variety of food is needed for normal
growth. 3 2 Small fish also become an important food item as the
fish grow larger.*

A great deal of information on the migrations and growth of
various life stages of striped bass from and within the Hudson
River is available in refs. 19, 22, 24-30, 33-37.
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Appendix G

ADDITIONAL INFORMATION ON
COOLING TOWERS CONSIDERED AS ALTERNATIVES

1. INTRODUCTION

Other sections of this Statement discussed the adverse environmental
impacts associated with the once-through cooling-water systems at
Indian Point and also, assessed several alternative cooling systems
that would dissipate waste heat to the atmosphere to reduce the
quantities of river water required., Of these alternatives, wet
natural-draft cooling towers were judged by the staff to be the
most viable method. Wet mechanical-draft.towers were the second
choice. The staff's> estimates of the plume behavior, fogging, and
salt-deposition characteristics of these two types of towers are
summarized in this appendix. In addition, a proposed layout and
schedule for cooling towers on the site are presented.

There are several possible modes of waste heat rejection at Indian
Point using cooling towers. The staff has considered three cases
to be representative and of particular interest in this study:

Alternative A Units Nos. 1 and 3 operating with once-through
cooling and Unit No. 2 operating with a natural-
draft cooling tower.

Alternative B Unit No. 1 operating with once-through cooling
and Units Nos. 2 and 3 operating with natural-
draft cooling towers.

Alternative C Unit No. 1 operating with once-through cooling
and Units Nos. 2 and 3 operating with mechanical-
draft cooling towers.

Alternative C may be considered essentially the same as Alternative'
B in thermal performance.

In Alternatives A and Bit is assumed, for the purpose of this
analysis of emission characteristics of cooling towers, that the
turbine-generator electrical output remains the same as that for
the base design (once-through cooling for all three Units) but that
the water flow through the condensers is reduced to provide a higher
temperature difference. For Unit No. 2, the flow is reduced from
840,000 gpm to 590,000 gpm, and the temperature rise through the
condensers is about 25 F0 rather than about 15 F0 with once-through
cooling. As shown in Table G-l, the heat rejection and the water
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Table G-1. Assumed design characteristics for natural-draft
cooling towers for the Indian Point Planta

Individual characteristics

Unit No. 2 Unit No. 3

Reactor power, MWtb 2,758 3,216
Electrical power, MWe netb 873 1,033
Heat rejected from tower, 106 Btu/hr

Condensing water cooling 7,381 8,734
In blowdown waterc 87 103

Water flowrates, 103 gpm '
Condensing water circulationd 590 698
Blowdown 12 14
Evaporation and drift 14 17

Common characteristics

Design wet bulb temperature, OF 74
Approach, F° 21.5
Range, F 25
Exit water temperature, OF 95.5
Entrance water temperature, OF 120.5
Exit air temperature, OF 109
Exit air velocity, fps 13.8

Drift loss, % of total water flowe 0.005
Tower diameter at outlet, ft 220
Tower diameter at base, ft 445
Tower height, ft 450

aBased on information from the applicant (ER, IP-3, App. FF, p. VII-l).
bRated capacity for Unit No. 2; maximum calculated capacity for Unit No. 3.
CHeat in tower blowdown is based on 95.5 0 F blowdown temperature and

81 F ambient river temperature.
dCondensing water circulation based on 25 F0 temperature range.
eValue assumed by the staff. The concentration of solids in drift and in

blowdown is assumed to.be twice that in the makeup water.



G-3

flow rates are slightly higher for Unit No. 3 than for Unit No. 2
(primarily because the former is based on maximum calculated capa-
city rather than rated capacity), but for simplification of the
cooling tower studies, the characteristics of a tower for Unit
No. 3 have been assumed to be essentially the same as that of a
tower for Unit No. 2. See Section G.4 for additional information
on characteristics of a cooling tower for Unit No. 3.

For the most part, the service water cooling for the reactor and
turbine-generator auxiliary equipment would be by means of once-
through river water cooling regardless of the method used to cool
the turbine condenser water. (This is a common practice because
cooling tower effluent water may be too warm at times to cool
certain equipment.)

2. WET NATURAL-DRAFT COOLING TOWERS

A wet natural-draft cooling tower consists of a large reinforced
concrete structure, such as that indicated in Fig. G-l, that creates
a chimney effect to induce an upward flow of air through falling
drops of the water to be cooled. The chimney, or shell, is hyper-
bolic in shape for aerodynamic reasons and to conserve structural
materials. The condenser cooling water is sprayed onto baffles, or
fill material, where the water is cooled by evaporative and-convec-
tive heat transfer to the air. Over 70% of the heat dissipated
from wet natural-draft cooling tower is in the form of latent
heat; water is evaporated at a rate of about 4 tons/hr per MW of
plant electrical capacity. The differential density between the
heated air inside the tower and the air outside not only creates
the natural draft, but the warm water-laden plume will usually
continue to rise for some distance after leaving the top of the
tower. Important advantages of natural-draft towers are that
plant power is not required to move the air, noise levels are
relatively low, and the discharge height above the terrain greatly
reduces the possibilities of ground-level mists, fogs, and icing
problems. Major disadvantages are the relatively high capital cost
and the fact that, from an aesthetic standpoint, the large struc-
tures tend to dominate the surroundings.

a. Plume Behavior and Fogging

Many of the important environmental effects of cooling towers can
be assessed by study of the plume behavior.

The data used in this study are based on those given by the appli-
cant (ER, IP-3, Appendix FF, p. VII-l) and are summarized in Table
G-1. The following weather conditions were assumed for the site:
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Fig. G-I. Wet natural-draft cooling tower such as might be

used for Unit No. 2. The wet natural-draft cooling tower at Unit
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Dry bulb Relative Pasquill Wind
temperature humidity stability speed

Case (F) (%) class (mph)

I 75 (summer) 55 B (unstable) 9.4
II 75 (summer) 55 E (stable) 9.4
III 35 (winter) 55 B (unstable) 9.4
IV 75 (summer) 100 E (stable) 2.25

Brigg'sI plume equations were used to calculate the plume rise and
travel for a single tower, and the results are summarized in Fig.
G-2.

In the summer, when the ambient relative humidity is low and the
atmosphere is unstable (Case I, Fig. G-2), the plume rise will be
about 2,380 ft above the base terrain. Under these conditions, the
visible plume will disappear within about 500 ft of the top of the,
tower.

During summer conditions when the ambient relative humidity is low
and the atmosphere is stable (Case II, Fig. G-2), the plume rise
will be to about 1,510 ft, and the visible plume will disappear
within about 500 ft of the top of the tower.

In the winter, when the ambient relative humidity is low and the
atmosphere is unstable (Case III, Fig. G-2), the plume behavior is
similar to that shown for Case I except that the visible plume will
be more persistent due to the decreased moisture-holding capacity
of the.air at lower temperatures. Although plume lengths are
generally longer in winter than in summer, the greater condensation
in the plume during the colder months causes the plume to rise to
higher elevations than in the summer.

Only the sensible heat is often considered in plume rise calcula-
tions, but when large amounts of water vapor are present, neglect
of the latent heat released by condensation of water in the plume
may cause considerable error in the estimates. Hanna 2 has presented
an analytical method for determining the final plume rise which takes
into account the effect of condensation. The plume behavior was
estimated for the following conditions (Case IV, Fig. G-2): ambient
air temperature of 75*F, 100% relative humidity, wind speed of 2.25
mph, and a stable atmosphere (Pasquill Class E). Using Briggs'sI

plume rise equations as modified by Hanna 2 to account for condensa-
tion, the plume rise is predicted to be about 3,240 ft, and the
centerline of the horizontal plume is about 3,690 ft above the base
terrain, as shown in Fig. G-2. Although this predicted plume rise
is greater than the 1,000-ft limit of applicability of the Pasquill
stability classes, the calculation does indicate that the plume
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from a natural-draft cooling tower in which moisture is condensing
will probably penetrate local inversion conditions with little
difficulty.

When the relative humidity is high (approaching 100%), the cooling
tower plume will evaporate much less rapidly, and moisture may
condense in the plume as it rises through the atmosphere. Some
of the condensation may fall to the ground, and some may remain
suspended in the form of fog. The conditions conducive to fog
formation in the plume will probably also produce natural fog in
the Indian Point area (tower-produced fog would be but an extension
of the naturally occurring phenomenon). The contribution of the
tower fog would, thus, be generally indistinguishable from the
natural fog in the area and may be but a small part of the total
fog present.

The likelihood of fog produced by the Indian Point Plant natural-
draft towers reaching the town of Peekskill, located 2.3 miles to
the northeast, has been studied by the staff. Using Pasquill's
diffusion model 3 with Gifford's modifications,4 the meteorological
conditions supplied by the applicant (see Appendix E), and the wet-
bulb dry-bulb temperature frequency distribution at Poughkeepsie, 5

the total increase in fog at the center of Peekskill due to the
tower is estimated to amount to less than 4 hr/year. These results
support the conclusion of Decker 6 that tall natural-draft cooling
towers, when standing alone and fully equipped with drift elimina-
tors, cause "extremely low, or virtually zero" probability of fog
obstructing visibility at ground level.

,When temperatures are sufficiently low, cooling tower plumes can
cause icing, that is, liquid droplets in the plume may freeze and
fall to the ground, or condensation and subsequent freezing may
occur on cold surfaces. A few qualitative observations of light
icing have been reported in the vicinity of cooling towers, but
no quantitative methods of predicting these situations are gener-
ally accepted. When the temperature is very low (10'F or less),
deposition of ice particles or a light snow may occur, but this
would probably extend to no more than about five to ten tower
diameters from the base of the tower. Condensation in the cooling
tower plume in cold weather causes the plume to rise to much higher
elevations, an effect that tends to reduce local icing.

With regard to precipitation from a plume, Overcamp and Hoult 7 showed
that fallout of water from a natural-draft cooling-tower plume is
improbable under normal atmospheric conditions unless the plume
interacts with air movements in the tower's wake in such a manner
as to bring the plume to the ground, a phenomenon known as "downwash."
Since the flow during downwash is turbulent and complex, scaled tests
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based on nondimensional variables were made by Overcamp and Hoult. 7

The results showed that the cooling tower speed ratio, R, could be
expressed as a function of the tower Froude number as:

Rcrit = 0.45 (Fr)2/3 (1)

where Rcrit is the critical speed ratio that will cause downwash,
and Fr is the tower Froude number at those conditions. The speed
ratio and the Froude number for natural-draft cooling towers are
defined "as:

R= w /U (2)
0

w
Fr = 0 (3)

where wo is the tower exit velocity under the specified conditions,
U is the wind velocity, g is the acceleration of gravity, Ro is
the tower exit radius, and 6 is the dimensionless density differ-
ence, which is approximately proportional to the absolute temper-
atures:

Pin Pout Tout T inTn (4)

pin out

For the representative conditions cited above, the Froude number is
about 1.005, the critical speed ratio is about 0.45, and the cor-
responding wind velocity is about 21 mph. One would not expect
steady wind conditions of this magnitude except under very unusual
weather conditions.

b. 'Drift and Salt Deposition

Cooling towers supplied with saline water for makeup may cause some
salt deposition in the vicinity of the towers due to entrainment of
water droplets in the exit air streams. The staff assumed a drift
rate of 0.005% of the circulating water flow for the Indian Point
Plant towers and a concentration factor of 2 for the solids in
the basin water (Table G-1)., During the months November to April,
the average salt concentration in the Hudson River at Indian Point
is about 2.5 ppt, and during the summer months (May to October), it

'is about 6 ppt during low flow conditions. The droplet-size dis-
tribution in the drift was assumed to be the same as that in a
similar tower at the Forked River Nuclear Station. 8
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Pasquill's diffusion model 3 was used to estimate the salt deposition
from the towers. Using joint wind frequency distributions as a
function of atmospheric stability class for 16 compass directions,
maximum deposition of circulating water solids from wet natural-
draft cooling towers for both Units Nos. 2 and 3 (Alternative B) is
estimated by the staff to be about 19 lb/acre per year and is pre-
dicted to occur within portions of the 22.50 sector lying approxi-
mately two miles south of the site, as shown in Fig. G-3. If a'
tower is used for Unit No. 2 only (Alternative A), the deposition
rates would be as approximately one-half the values shown in Fig.
G-3.

3. WET MECHANICAL-DRAFT COOLING TOWERS

Mechanical-draft cooling towers use motor-driven fans to move air
through falling water droplets and over the wet fill material.
Mechanical-draft towers for Unit No. 2 are estimated5 to be about
60 ft high by 70 ft wide and in two rows, each about 1,330 ft long.
The low profile of mechanical-draft towers can often be screened
from public view by the terrain and by suitable vegetation. Another
important advantage is the significantly lower capital cost as
compared with that for natural-draft towers. The mechanical-draft
tower, however, has the disadvantage of appreciable power consumption
by the fan motors, relatively high maintenance costs, higher salt
deposition rates, more problems with ground-level fogging and icing,
and higher noise levels.

a. Plume Behaviorand Fogging

Since the plume is discharged at relatively low altitude, it is
possible that valley fogs could result from operation of mechanical-
draft towers at Indian Point. The staff has estimated the likeli-
hood of fogging, but such factors as the nature of the terrain and
the relatively erratic atmospheric conditions close to ground level
make the predictions less certain than those for natural-draft
towers.

Using Pasquill's diffusion model 3 with Gifford's modifications,4

the meteorological conditions supplied by the applicant (see Appendix
E), the wet-bulb dry-bulb temperature distribution at Poughkeepsie, 5

and towers for both Units Nos. 2 and 3 in operation (Alternative C),
the staff estimates the total number of hours of additional fog per
year for the sectors shown in Fig. G-4. Fogging conditions were
assumed to exist if the ground level moisture content of the plume-
exceeds the saturation deficit at ambient conditions. As indicated
in Fig. G-4, there may be some induced fog from mechanical-draft
cooling towers that would affect nearby highways, transportation
systems, and residential areas during limited periods of time. In
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determining the number of hours of additional fogging per year,
each combination of wind speed and stability condition was weighted
by the frequency of wind blowing in the specified direction.

The increased frequency of fogging -at Peekskill due to mechanical-
draft towers for both Units Nos. 2 and 3 (Alternative C) was estimated
to be about 11 hr/year. This fog would have little effect on the
Tappan Zee Bridge because of its distance from Indian Point. Bear
Mountain Bridge, located about four miles NNW of the site, might
experience about 40 hr/year of additional fog due to the towers.
Additional hours of fogging at any other point within a radius of
10 miles may be estimated from Fig. G-4. In judging the impact
of this fogging, it should be noted that a large percentage of the
additional hours of fogging will occur during the night and early
morning due to the high frequency of stable and neutral atmospheric
conditions tending to occur at these times.

b. Drift and Salt Deposition

Estimates have been made of the salt deposition from mechanical-
draft towers at Indian Point using the drift droplet-size distri-
bution reported by Wistrom and Ovard. 9 Deposition rates were
calculated using an approach described by Hosler, 1 0 and the results
for wet mechanical-draft cooling towers for both Units Nos. 2 and
3 (Alternative C) are shown in Fig. G-5. The greater salt-deposi-
tion rates calculated for mechanical-draft towers, as compared with
those for natural-draft towers, are primarily due to the large
differences in the plume rise and the drift particle-size distri-
bution. The maximum deposition rate for mechanical-draft towers
is estimated as 2,870 lb/acre per year and is predicted to occur
within the southerly 22.50 sector at a distance of less than 0.2
mile from the towers (Fig. G-5).

4. PHYSICAL DESCRIPTION, LOCATION, CONSTRUCTION SCHEDULE,
AND COSTS OF COOLING TOWERS

a. General Information

In Sections XI.C and G.1 through G.3, several feasible alternatives
to once-through cooling are discussed. The alternatives include
closed-cycle, wet and dry cooling towers, and cooling and spray
ponds. Each cooling system has advantages and disadvantages. In
the Unit No. 2 and Unit No. 3 cases, dry cooling towers were
rejected on the basis of technical and economic considerations.
They would require greater heat transfer surface area and land
area than wet cooling towers, and the higher condensing pressure
would be unsuitable for the turbine installed in Unit No. 2 or
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Unit No. 3 facilities. Cooling ponds would require an excessive
amount of land, and the salt in the drift from spray ponds would
be expected to have adverse environmental effects.

The applicant discusses the advantages and disadvantages of alter-
nate cooling systems in a number of testimonies presented in the
Unit No. 2 hearing and also in Section 17 of the ER for Unit No. 3.
The discussion includes location and physical arrangement of
cooling towers, structural modifications, construction-schedule,
cost estimates (capital, contingency, operating, and maintenance),
and design assumptions.

The staff agreed with the applicant and the other parties in the
Unit No. 2 hearing that natural-draft wet cooling towers would have
the least adverse impact on the environment and would appear to be
a more viable method of cooling in comparison with other closed-
cycle cooling systems. The applicant first proposed the use of
two natural-draft cooling towers but later determined that one
larger single tower for Unit No. 2 and one for Unit No. 3 could
be more closely coupled to the plants and would be more economical.

In the Unit No. 2 case, the single natural-draft tower would be
445 ft in diameter and-450 ft high, and as such, it would be an
aesthetic intrusion into the. landscape of the Hudson River valley.
The single tower for Unit No. 3 would be 525 ft in diameter and
about 500 ft high. As discussed earlier, environmental costs
from impacts due to fogging, icing, salt spray drift, and noise
wouild be less for natural-draft cooling towers than for mechanical-
draft cooling towers. In the Unit No. 2 proceeding, the staff
and intervenors believed that the adverse aesthetic effect of the
natural-draft tower would be clearly outweighed by the beneficial
effect on the Hudson River fishery.

b. Location of Cooling Towers

Because of the particular topographic characteristics of the Indian
Point site and the limited available land area, the location for
single towers for both units, as shown in Fig. G-6, was selected
for nuclear safety reasons. The towers would be located about
500 to 600 ft from the respective containment buildings. The
tower at Unit No. 2.would be at an elevation of 45 ft. The appli-
cant is. investigating the optimum location for erection of the
towers with respect to engineering practicality and economic
justification.
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Fig. G-6. Indian Point natural-draft wet cooling towers.
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c. Construction Schedule and Details

In the Unit No. 2 proceeding, the applicant proposed three schedules
for construction of a natural-draft cooling tower. In the Appeal
Board's Decision (ALAB-188), the third schedule was described such
that once-through cooling at Unit No. 2 shall terminate on May 1,
1979. In allowing time to cutover the cooling tower into the Unit
No. 2 facility, the applicant should be ready to operate Unit No. 2
with cooling towers by December 1, 1979.

The following is a list of major events in the construction of the

Unit No. 2 cooling tower. This schedule is similar to that pre-
sented by the applicant in its April 9, 1973 testimony and is based
on a reasonable time period for completion of each event. A sche-

matic drawing of the schedule is shown in Figure G-7.

1. Initiation of design study of criteria
of cooling tower.

2. Start of envir6nmental study of cooling
tower impact.

3. Submittal of environmental report on
cooling tower to AEC and other govern-
mental agencies (ALAB-174).

4. Completion of AEC and agency evaluation
and issuance of permits.

5. Finalization of engineering design of
cooling towers and incorporation of
agency comments.

6. Award of contracts for cooling towers.

7. Contractor input into engineering
design completed.

8. Completion of mobilization of work
force.

9. Start of excavation.

November 1, '1972

September 1, 1973

December 1, .1974

December 1, 1975

March 1, 1976

May 1, 1976

August 1, 1976

June 1, 1976

June 1, 1976

10. End of excavation. June 1, 1977

11. Completion of cooling tower foundation.

12. Completion of erection of cooling
tower column, shell, and fill structure.

September 1, 1977

April 1, 1979
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13. Completion of forming and building
of cold water basin.

14. Order of electrical and mechanical
equipment placed.

15. Completion of installation of electrical
and mechanical equipment and condenser
connections and piping systems.

16. Outage of Unit No. 2 begins and starts
cutover of tower into plants.

17. Completion of final cutover of tower
to plant and plant startup with cooling
tower.

March 1, 1979

November 1, 1976

September 1, 1979

May 1, 1979

December 1, 1979

A proposed schedule for construction of a single cooling tower at
Unit No. 3 is shown in Figure G-8 and is as follows:

1. Use of Unit No. 2 environmental report
to select preferred cooling tower system
for Unit No. 3.

2. Completion of governmental approvals
including authorization to relocate
Algonquin gas pipeline.

3. -Completion of finalizing engineering
design for tower at Unit No. 3.'

4. Award of contract.

5. Receive vendor information.

6. Completion of mobilization of work
force.

7. Start of excavation.

8. End of excavation.

9, Completion of cooling tower foundation.

10. Completion of erection of cooling
tower column, shell, and fill structure.

11, Order of electrical and mechanical

equipment placed.

*Assuming issuance of OL on May 1, 1975.

June 1, 1975*

June 1, 1976

October 1, 1976

December 1, 1976

May 1, 1977

June 1, 1977

June 1, 1977

June 1, 1978

September 1, 1978

May 1, 1980

November 1, 1977
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12. Completion of installation of electrical
and mechanical equipment and piping. September 1, 1980

13. Outage of Unit No. 3 begins and cutover
of tower into plant starts. September 15, 1980

14. Completion of final cutover of tower
to plant and plant startup with cooling
tower. April 15, 1981

Necessary flexibility in the schedules for the towers at the two
plants should be allowed depending on various circumstances that
could arise during the design and construction of the cooling
tower. An appropriate extension or, conversely, a reduction in
the design and construction schedule could result, depending on
unforeseen contingencies.

The applicant discusses the major construction details in the
Environmental Report for Unit No. 3, Section 17.3.3. The above
schedules allow a year for excavation. In its April 9, 1973
testimony, the applicant discusses the problems associated with
excavation for the tower at Unit No. 2 because of the peculiarities
of the site. Cover clearing, earth and rock excavation, removal
of rubble, and grading would be required. The direct costs for
excavation, foundation, and trenching would be about $15.6 million
for each tower.

Blasting would be needed to excavate rock. The work for excavation
of a cooling tower at Unit No. 2 would be staggered from that re-
quired for the Unit No. 3 cooling tower to avoid effects of magni-
tude of blasting. In addition, both Units probably can be kept
operational by having the excavator use necessary precautions during
the blasting of the areas for the cooling towers. The natural-draft
cooling tower would require the highest foundation loads of various
alternatives considered.

In Table 17-2 of the ER for Unit No. 3, the applicant proposed
a physical description (size and number of the major equipment,
structures, and components required for a single natural-draft
cooling tower, including circulating water pumps and piping for
the cooling towers considered). This equipment would be ordered
for installation during the construction schedule.

During construction of the tower at each Unit, the once-through
cooling intake-discharge system would be modified. These modifica-
tions include blocking the condenser discharge tunnel to the
original discharge canal by using stop logs and constructing a
new discharge canal to the circulating water booster pump. Most
of the piping from the pump to the cooling element and the return
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to the intake side of the condenser will be underground except
at the immediate connections. The intake structure would be
modified to include provisions for supplying makeup water for the
closed-cycle cooling system and river water to the service waterý
pump pit. No major changes to the service water system are
expected. On the discharge side, provisions for a 22 in. blowdown
line with a motor-operated valve will be built to allow discharge
of the biowdown, radioactive and chemical wastes to be released to
the discharge canal. Related electrical equipment such as motors,
pumps, auxiliary transformer, and other equipment as indicated in
Table 17-2 of the ER for Unit No. 3 will be installed by September
1979 at Unit No. 2 and September 1980 at Unit No. 3.

The total time allowed for cutover from the towers to the plants
is about seven months from the date of outage of each plant with
once-through cooling to the date of startup of plants with the
cooling tower. Thus, Unit No. 2 should be ready to operate with
the cooling tower by December 1979, and Unit No. 3 should be ready
by April 15, 1981.

d. Design Characteristics and Operating Considerations

Additional details of the physical description and the applicant's
design assumptions for the single towers have been presented in
the applicant's April 9, 1973 testimony and Table 17-2 of the ER
for Unit No. 3. See Table G-1 for design assumptions used by the
staff for its cooling tower analysis. The flow in the Unit No. 2
circulating water system was reduced to 590,000 gpm resulting in
a temperature rise across the condensers of about 25 Fd rather
than 15 FV through the once-through cooling system. The Unit No.
2 tower would be designed for a 74WF design wet bulb temperature
and 55% design relative humidity. Details of the design for the
Unit No. 2 cooling tower are presented in the applicant's environ-
mental report dated December 1, 1974 for the preferred closed-cycle
system, in accordance with the Appeal Board's Decision (ALAB-174)
of January 29, 1974.

The Unit No. 3 tower could also be designed assuming a peak wet
bulb temperature of 77'F, an approach temperature of 22 F°, and a
temperature range of 16.5 FV (equivalent to the temperature rise
across the condensers), assuming a total circulating water flow
of 870,000 gpm through the system. All the heat absorbed by the-
cooling water passing through the condenser will be rejected to
the atmosphere by the cooling tower. In addition, the condenser
terminal temperature difference of 9.5 F0 could be assumed. Based
on these conditions, a load reduction of 68 MWe could result in a
net turbine output of 932 MWe out of a possible 1000 MW turbine
rating (gross). Compared with once-through cooling, the incremental
generation loss of 58 MWe could result with a single tower at
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Unit No. 3 from the increased back pressure to 3.95 in. mercury
(abs) exhaust steam pressure. An additional 24.7 MWe of auxiliary
power required for circulating water booster pumps would result in
a total derating of 82.7 MWe from the closed-cycle natural-draft
tower. Another 35 MWe is used for normal plant auxiliary loads
such that the net plant output is 872.3 MWe. The applicant also
presented information on the yearly average generation loss of
72.7 MWe with a resulting increased net plant heat rate of 11,132
Btu/kWhr.

As stated above, the total flow through the circulating water
system was assumed to be 870,000 ppm. Because of the salinity
of the river water, the circulating water would be recycled
through two cycles. The blowdown rate was based on maintaining
the concentration of cooling water at two cycles. The rate would
also depend on drift and evaporation.. The drift was estimated
to be 0.0025%, and the evaporation rate was assumed to be 1.65%.
Therefore, the blowdown rate for a single natural-draft cooling
tower at Unit No. 3 would amount to 14,333 gpm. -The drift would
amount to 22 gpm, and evaporation would amount to 14,355 gpm.
The total dissolved salts discharged to the river have been esti-
mated by the applicant to be 691 million lb/year and that to the
terrain to be 1.06 million lb/year. The temperature rise of the
blowdown water would be about 22.5 F° and the total heat discharged
to the river would be about 161 x 106 Btu/hr. Thus, the natural-
draft cooling tower would reduce the heat input in the river by a
factor of about 46 in comparison with once-through cooling.

Chemicals have to be used for treatment of the closed-cycle cool-
ing system to reduce scale and to inhibit growth. See Appendix
XI-l in the Final Environmental Statement for Unit No. 2 on details
of the chemicals used to inhibit corrosion and control growth of
algae in the cooling water circuit. By controlling the pH of the
circulating cooling water and operating at only two cycles of con-
centration, the applicant could avoid the use of additional
chemicals for scale control and minimize the discharge of total
dissolved solids in the blowdown. The applicant reports that
intermittent chlorination and possibly sulfuric acid feeding of
the cooling water would be used in the chemical treatment process.
The chlorine additions will be controlled by maintaining a residual
chlorine in the blowdown of less than 0.5 ppm, and the sulfuric
acid feed would be of the order of 1/4 gpm during the summer when
chemical concentration of the Hudson River reaches the maximum
(ER, IP-3, Appendix FF, p. VI-I). The pH of the blowdown will
need to be controlled in accordance with water quality'standards
for the operation with cooling towers.
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e. Costs of the Cooling Tower

As indicated in the Licensing Board's Initial Decision of
September 25, 1973, the incremental generating costs attributable
to change over to a single natural-draft cooling tower system at
Unit No. 2 was estimated by the applicant to include the following
costs based on the year 1978.

1. $10.0 million per year for the carrying charges on the
investment and maintenance of the cooling tower system.

2. $2.6 million per year for carrying changes on gas turbine
peaking capacity to replace the loss in capacity with the
closed-cycle cooling system.

3. $3.4 million per year for the additional operating cost
of providing power to replace the reduced output with the
closed-cycle cooling system.

4. $29.5 million for the additional cos't of replacement power
during outage time charged against the changeover to the
closed-cycle cooling system.

5. $70.6 million for total capital cost of the cooling tower
and changes in the piping.

The applicant calculated the total revenue requirement over the
life of the plant to cover the additional costs to be $489 million,
the present worth of these costs to be $144 million, and the annual
levelized cost to be $19.8 million. The Licensing Board assessed
the costs and found the annual levelized cost to be $16.5 million
for the tower at Unit No. 2. Table 17-3 in the ER for Unit No. 3
shows estimated capital costs and total costs including contingen-
cies for installation of a cooling tower over the period 1973-1976.
The total capital costs amount to $58.66 million, including con-
tingencies and escalation. The applicant also estimated $200,000
per year to maintain the fill in the cooling tower, $2 million for
additional fuel costs for auxiliary power requirements, and $23
million due to capacity loss. Overall, the applicant estimated
$90.46 million [30-year sum present worth based on 1974 dollars
for the total incremental generating costs, assuming in service
date of 1976). The applicant's annual levelized cost would be
about $9.4 million.

The staff assessed these costs and those presented in the applicant's
ER for Unit No. 3. The staff found the incremental generating costs
for a cooling tower at Unit No. 3 to be about $122 million. The
annual levelized cost would be about $13.million. See Chapter XI
for further details.
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5. ATOMIC ENERGY COMMISSION SUPPORTING ACTIVITIES RELATED TO
COOLING TOWERS

The AEC has sponsored extensive research work involving environ-
mental effects of dry and wetcooling towers using fresh and salt
water as makeup. Of particular concern to the Indian Point
situation is the feasibility of salt water cooling towers. A.
state-of-the-art report was prepared by Westinghouse Electric
CorporationII with major emphasis upon the environmental effects.
The major topics addressed were:

1. Measurement and control of cooling tower drift.

2. Effects of resulting salt deposition on the surrounding
environment.

3. Effects of highly concentrated blowdown discharge.

4. Design considerations'related to the corrosive action of
salt water on cooling system equipment and the effects of
salt water concentration on.the thermal performance of
cooling towers.

5. Identification of problem areas where further research
would be required.

If salt water cooling towers are shown to be environmentally
acceptable, they may be used for condenser cooling in many future
power plants. Additional efforts of drift and field assessments
of the environmental impact of drift deposition as well as the
development of codes and standards for the design, construction,
operation, maintenance, and testing of salt water cooling towers
will be needed.

The magnitude and effect of salt water particles carried out from
the updrift of a power plant's salt water cooling tower will be
examined in a joint study funded by the Maryland Department of
Natural Resources (DNR) and the Atomic Energy Commission (AEC).12

Estimated cost of the two-year salt drift emissions study is
$350,000.

The study will be conducted at the Chalk Point Plant of the
Potomac Electric Power Company (PEPCO) on the Patuxent River in
Prince Georges County in cooperation with PEPCO. The state will
supervise the overall effort, and the AEC will provide technical
advice and-assistance. The work will be done on a contractual

basis.
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According to an agreement signed by the DNR and AEC, the jointly
supported portion of the study will consist of two phases of a
four-phase effort to help determine how salt drift emissions from
this type of cooling tower affect the quality of the air and land
environments in the vicinity of the power plant.

Phase one of the study, now nearing completion,. includes the
selection of instruments and field measurement techniques. This
phase is jointly supported by PEPCO and the Power Plant Siting
Program of DNR.

Phases two and three will consist of equipment installation-and
conduction of the field measurement program. Phase four will
involve analyses of the data acquired.

Under the agreement, AEC will partially support phases two and
three and will be entitled to results achieved in phases one and
four. The study will provide a demonstration of the drift per-
formance of large natural-draft cooling towers fitted with
improved drift eliminators. Favorable drift performance, along
with evidence from other ongoing studies that expected drift levels
will mean that such salt water cooling tower systems will be
acceptable for use in future power plants. This would facilitate
the siting of power plants in areas where cooling water supplies
have high salt content.

Various tasks of the study will include:

1. Direct measurements of drift rates at the large hyperbolic
natural-draft salt water cooling tower at Unit 3 of the
Chalk Point power station.

2. Supporting measurements in the tower and power plant needed
for analyses and interpretation of the drift measurement
data such as air temperatures, water temperatures, plant
operating conditions, and water salinities.

3. Acquisition of data from a nearby meteorological tower and
atmospheric soundings', as required, for the analyses of
general plume behavior and predictions of salt deposition.

4. Detailed meteorological measurements of the cooling tower
plume itself to thoroughly characterize plume rise.

5. Analyses of data obtained during the course of the field
measurement study.
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The PEPCO.cooling tower for Chalk Point Unit 3 was expected to be
completed in August 1973. However, the cooling tower has not yet
been put into operation, because construction of the plant will not
be completed until-January 1975. Nevertheless, meteorological
studies, as well as studies of baseline conditions of the terrestrial
(plant) ecology in the vicinity of Chalk Point have been initiated
prior to the operation of the cooling tower.13

The applicant should find this study of use in determining the
feasibility of such salt water towers to the Indian Point situation.
The applicant is currently investigating the meteorological aspects
of the site in which a 400-ft AGL meteorological tower was erected
to collect wind, temperature, and humidity data characteristic of
the area. Extensive salt concentration and deposition measurements
were also collected. The applicant is supporting research work at
B. Thompson Institute to investigate the effects of salt deposition
on plant life, and this work is outlined in the Environmental
Technical Specifications. The applicant is funding research in
cooling tower plume dispersion modeling.
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Appendix H

DATA AND CALCULATIONS FOR ASSESSMENT OF
PREDICTED ELECTRICAL DEMAND

1. CONSUMPTION OF ELECTRICITY BY CLASSES OF USERS

Consumption of electricity by classes of users for the years 1975
and 1980 was estimated by the following methods.

a. Residential

The number of residential customers in a given year can be estimated
by dividing the projected average number of persons per household
,(Table H-l) into the projected population. Historical data indicate
that in the applicant's service area about 8% of the total number
of customers that would normally be classified as residential are
reported in the commercial and industrial category. The estimated
number of residential customers is then

(0.92) x AProjected population
Average number of persons per household

For 1975, (0.92) (8,726,000/2.98) = 2,694,000 customers.

For 1980, (0.92) (8,735,000/2.87) = 2,800,000 customers.

These estimates, when multiplied by the consumption per customer
(Table H-2), give the annual consumptions.

For 1975,
2,694,000 customers x 3,926 kWhr/customer = 10,577 x 106 kWhr.

For 1980,
2,800,000 customers x 4,912 kWhr/customer = 13,754 x 106 kWhr.

b. Commercial and Industrial

Annual consumption in this category was estimated by multiplying
the projected employment times the estimated consumption per worker
(Table H-3).

For 1975, 4,556,423 workers x 4,817 kWhr/worker = 21,948 x 106 kWhr.

For 1980, 4,721,575 workers x 5,923 kWhr/worker = 27,966 x 106 kWhr.

H-I
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Table H-I. Average number of persons per
household projected for the New York Urban

Region, 1960-2020

Year Average number of persons per household

1960 3.19
1965 - 3.19
1970 3.08
1975 2.98
1980 2.87
1985 2.77
2000 2.62
2020 2.60

Source:°Regional Plan Association, New Regional
Projections: A Summary, New York, March 16,
1973, Table 8,
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Table H-2. Annual residential consumption of
electricity per customer and total

personal income, 1972-1980

Year Total -personal income Consumption of electricity
(millions of $) (kWhr per customer)

1972 81,369 3,412

1973 84,332 3,584
1974 87,296, 3,755
1975 90,259 3,926
1976 93,675 4,123
1977 97,091 4,320
1978 100,506 4,518
1979 103,922 4,715
1980 107,338 4,912

Table H-3. Annual commercial and industrial
consumption of electricity per worker

for the years 1972-1980

Year Consumption of electricity
(kWhr per worker)

1972 4,256
1973 4,435
1974 4,622
1975 4,817
1976 5,021
1977 5,232
1978 5,453
1979 5,683
1980 5,923
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c. Railroads and Railways

Sales to railroads and railways were assumed to account for about
14% of the applicant's total sales. The annual consumption in this
category would then be:

For 1975,

0.14 (10,577 x 106 kWhr) + (21,94 8 x 106 kWhr) 5,295 x 106 khr.
0.86

For 1980,

0.14 (13,754 x 106 kWhr) + (27,966 x 106 kWhr) 6,792 x 106 khr.
0.86

d. Total Consumption

For each year, total consumption is considered to be the sum of the
previous three categories. For 1975, total consumption will be
(10,577 x 106) + (21,948 x 106) + (5,295 x 106) = 37,820 x 106 kWhr.
For 1980, total consumption will be (13,754 x 106) + (27,966 x 106) +
(6,792 x 106),= 48,512 x 106 kWhr.

2. ESTIMATED SUMER PEAK LOAD

Examination of the 1974 projected capabilities, peak loads, and
margins of the New York State interconnected systems through 1983
indicates that the ratio of coincident peak load to annual energy
requirements in New York State will be constant at 0.18 throughout
the period.

The total annual consumption for a given system is about 90% of the
total annual energy requirements, because transmission and other
losses consume 10% of a system's output. TherefOre, the annual
energy requirements for the applicant's system would be:

For 1975, 37,820 x 106 kWhr/(0.9) = 42,022 x 106 kWhr.

For 1980, 48,512 x 106 kWhr/(0.9) = 53,902 x 10 6 kWhr.

To obtain the estimated summer peak load for the applicant's system,
the above annual energy requirements must be multiplied by the con-
stant (0.18) determined for the power Pool. However, this constant
must be corrected to reflect the difference in load factors between
the system and the power Pool. The ratio of the power Pool load
factor to the applicant's load factor was found to be constant at
1.24. The adjusted constant then becomes 0.18 x 1.24 = 0.22, and
the estimated peak summer loads would be:
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For 1975, 42,022 x 0.22 = 9,245 MW.

For 1980, 53,902 x 0.22 = 11,858 MW.

The effect of the price of electricity on demand was, not considered
in this analysis because of the relatively short time period involved.
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p DEPARTMENT OF AGRICULTUREOFFICE OF THIE SECRETARY
WASHINGTON. O. C. 20250 ,

JN 4 1974
'Mr. Daniel R. Muller

Assistant Director for
Environmental Projects

Directorate of Licensing
Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

We have had the draft environmental statement for the Indian Point

Nuclear Generating Plant Unit 3, Consolidated Edison Company of New York,

reviewed in the relevant agencies of the Department of Agriculture, and

comments from Forest Service and Soil Conservation Service, both agencies

of the Department, are enclosed.

Sincerely,

FRED H. TSCHIRIEY
Coordinator, Environmental

Quality Activities

Enclosures

DEPARTNNIT OF AGRICULTURE

Forest Service

RE: DRAFT ENVIRONMENTAL STATEMENT - INDIAN POINT NUCLEAR
GENERATING PLANT UNIT NO. 3

Little adverse effect on vegetation is anticipated from
construction and use of Plant No. 3. If once through cooling

does not meet thermal criteria (V-7-17), however, cooling
towers (Alternate B) may be used (XI-1-4). Salt drift from

tower plumes (Appendix G 12-15) will probably affect nearby

vegetation. Nae trust that vegetation will be included in the

studies mentioned on Page G-14, par. 7.

As an indirect effect of running the plant, there will be
a large amount of uranium ore (116000KG) (P.IX-4) processed.

What is the effect on %vegtation of the air pollution resulting
from ore enrichment?
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tOFFICE OF THE ASSISTANT SECRETARY OF COMMERCE
Washington. D.C. 20230

50-286

Soil Conservation Service, USDA, Comments on Draft Environmental
Statement prepared by Directorate of Licensing, United States Atomic
Energy Commission, related to operation of Indian Point Nuclear

Generating Plant, Unit No. 3.

1. Page IV-I - A. SUMMARY OF CONSTRUCTION STATUS- 4th line

It says, "after which this plant went critical on May Z2, 1973.'
The word critical can be read to imply an unintended meaning.
For the ordinary reviewer, clarification of the word critical is

needed.

2. Page IV-1 - A.

We note that Unit No. 3 is presently under construction and is
80% completed. Completion is expected in 1974.

3. Page IV-l - B. IMPACTS ON LAND USE 1. Onsite Construction

4th paragraph and the three following paragraphs on page IV-Z
seem to say landscaping and vegetative measures are delayed
because of construction. In this situation, temporary use of
vegetative measures such as grasses and legumes would be
appropriate. This might be discussed.

November 26, 1973
NOV29 197ý3-&b. "

ILL AIrnC ZXU

Mr. Daniel R. Muller
Assistant Director
for Environmental Projects
Directorate of Licensing
U.S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

The draft environmental impact statement for the proposed
"Indian Point Nuclear Generating Station, Unit No. 3,"
which accompanied your letter of October 17, 1973, has
been received by the Department of Commerce for review
and comment.

The statement has been reviewed and the following comments
are offered for your consideration.

With regard to the release of routine radioactive wastes
to the atmosphere, it is not clear whether the major portion
of the releases are sporadic or continuous. In the case of
sporadic releases, the application of an annual average
atmospheric dilution factor is inappropriate. For example,
the gaseous processing system,.which is the primary source
of radioactivity, involves a minimum gaseous holdup time
of 45 days in decay tanks. If this is followed by release
to the atmosphere in a few hours, we would consider the,
source to be sporadic.

Y
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OFFICE OF THE ASSISTAPJT SECRETARY OF CONIMMERCE
Washingto, D.C. 20230

-2 -

Thank you for giving us an opportunity to provide these December 10, 197"
comments, which we hope will be of assistance to you. We Ii
would appreciate receiving a copy of the final statement.

Mr. Daniel R. Muller -
Sincerely, Assistant Director

for Environmental Projects ,
Directorate of Licensing "
U. S. Atomic Energy Commission 7
Washington, D. C. 20545

Deputy Assistant Secretary Dear Mr. Muller: 50-286
for Environmental Affairs

The Department of Commerce reviewed the draft environmental
statement by the Atomic Energy Commission for the proposed
"Indian Point Nuclear Generating Station, Unit No. 3, and
forwarded comments to you in our letter of November 26, 1973.

Since that tlme,-additional information has developed which
is pertinent to the project. This additional information
is offered for your consideration.

The radiological monitoring program, which is described in
condensed form, does not include the analysis of benthic
animals (page V-138-139). In the subject report, reference
is made to the applicant's Environmental Report, which also
does not include benthic animals. The program will be modi-
fied in the Technical Specifications, but these modifications
are not described.

The environmental monitoring section of the subject report
should include a summary table giving monitoring details and
a location map.

We hope these. comments will be of further assistance to you
in the preparation of the final statement.

Sincerely,

Sidney R•• Galle
Deputy Assistant Secretary
for Environnent al Affairs
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Page 2 - Mr. Muller

50-286

Mr. Daniel R. Muller
Assistant Director for Environmental

Projects
Directorate of Licensing
Atomic Energy Corynission
Washington, D. C. 20545

Dear Mr. Muller:

The following comments are based upon reviews performed by our
regional office in New York and the Bureau of Radiological Health

concerning the draft Environmental Impact $tatenent on the Indian
Point Nuclear Generating Station, Unit 3.

1. Indian Point Nuclear Generating Plant, Unit 3 is the
third of three reactor plant installations to be constructed
and operated on the same site. Units 1 and 2 are already
constructed and in operatioti. The draft statement'includes
consideration of the cumulative effect of all three reactors
In operation.

2. From information contained in this draft statement, it

. appears that this third unit can be constructed and
operated without undue health impact on the population
as a result of radiation exposures or discharges of
radioactivity to the environment. The report notes
that in order to meet the AEC "as low- as practicable"
criteria, it will be necessary to modify the radioactive
waste treatment facilities. The report prescribes a date

of spring 1975 to accomplish completion of this modified
radioactive waste treatment facility., This is an appropriate
recommendation.

3. The report discusses doses to the population which might
.reasonably be expected from an incident occurring at the
reactor site. The derivation of týiese >c-; and the

postulation of the types and frequency of incidents which
might occur appear reasonable. The projected dloses are not
excessive; in fact, based on the estimates and calculations
in the report, doses to individuals at the site boundary

would be well below the maximum permissible doses derived

from 10 CFR, Part 20 of the AEC Regulations for normal
operations. The estimated dose to populations within a

50-mile radius of the site would be a small fraction of
the population dose from natural beckground, as expressed
in ean-rems.

4. Section E.l.d. states that the solid wastes will

eventually be shipped to a licensed burial facility.
The specific burial site may not yet have been identified

and such burial sites may be covered by other im~pact
statements, but it is suggested that a discussion of the

capacity of burial sites to handle the material from this
plant, perhaps as a percentage of existing burial site
capacity, be included in this statement.

5. Exposures from transportation of radioactive materials
to and fron the plants is discussed. These are very small

exposures and are based on realistic assumptions. The
question of transportation accidents is discussed, but
in very general terms. However, the discussion Is adequate

and as concise as is possible based on the current information
from the history of transportation accidents.

6. Consilaring the protection of fish, fish food at the plant

site, it is recommaended that the applicant study alternatives
to the presently designed once-through cooling system for
the plant--namely, the use of cooling towers in order to
reduce the volumes of water pumped from the river and
entraining fish. The applicant is told to design and

Install an alternate cooling system within the-next four
years to remedy this situation. This appears to be a sound
recosnendation.

Sincerely,

Paul Crom!ell I
Acting Director

- Office of Environmental Affairs
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WASHINGTON, D.C. 20240
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In reply refer to:
PEP ER 73/1405 DEC Iz si973.

Dear Mr. Muller:

Thank you for your letter of October 17, 1973, requesting
our comments on the Atomic Energy Commission's draft
environmental statement, dated October 1973, on environ-
mental considerations for Indian Point Nuclear Generating
Plant, Unit No. 3, Westchester County, New York.

General

This Department is extremely pleased with the generally
thorough and indepth coverage of the environmental effects
which are expected to occur as a result of this project.

The indepth analysis performed by the AEC staff and the
resulting conclusions and specific recommendations are
evident throughout the document. The AEC deserves
recognition for this outstanding draft environmental state-
ment.

Our comments relate to several significant generic concerns
for nuclear powerplants, the time required for the con-
version to closed-cycle cooling, and other suggestions that
would reduce the environmental impacts or improve the
environmental statement. They are presented according to
the format of the statement or according to specific subjects.

Timing of the Closed-Cycle Cooling System

2

aquatic organisms in the Hudson River through 1984. These
effects could be devastating. We strongly recommend that
AEC reconsider this deadline of May 1, 1978.

The applicant has been fully aware for years of the general
concerns for adverse impacts on aquatic-life, including those
of the Atomic Energy Commission. It does not appear to Pe
in the public interest to delay the closed-cycle operation
of units 2 and 3 until 1978 if there is a reasonable
possibility that such a system could be operating prior to
this date.

Our letter of December 4, 1972, to you recommended the
installation of closed-cycle cooling for unit 2 by July 1,
1975. It appears to us that if appropriate action had been
undertaken at that time unit 3 could have begun its closed-
cycle operation by the summer of 1976 rather than two years
later.

Every effort should be made to minimize unnecessary further
damage to the fishery resources of the Hudson River. Con-
sideration should be given to requiring interim operation
standards to be implemented at Indian Point. Criteria have
been developed for the operation of the Bowline Point
Generating Station downstream and across the river from
Indian Point, which are designed to reduce the mortalities
associated with impingement and entrainment during peak
periods of fish activity in the area. Bowline Point criteria
could be used as a model for criteria to be applied at
Indian Point.

The Site

This section should be expanded to include a description of
the existing and future proposed steam electric generating
facilities which will be constructed by the utilities
including the proposed pump storage project at Storm King.
Other agencies such as the New York City Transit Authority
have proposed development of additional steam electric power-
plants. The City of New York is considering diversions of
water for municipal and industrial purposes. Descriptions
of these existing and future proposed projects are necessary
to adequately describe the cumulative -impacts of man's use
of the Hudson River estuary.

The regeneration cycle of many fish species of importance
to sport and commercial fishing interests is long; for
example, the striped bass require about 6 years. If the
closed-cycle cooling system for Units 2 and 3 are not
operating prior to May 1, 1978, the effects of once-through
cooling would be experienced by'striped bass and other

F.,
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Geology and Geography

The brief description of geology and geography, presented
oj pages Il-15 and 11-16, is inadequate for evaluating
whether the geologic and seismic conditions and the physical
properties of the natural materials on which the plant is
founded have been investigated in sufficient detail. The
history of earthquakes in the region has been briefly
summarized but the seismic-design criteria for plant
construction and the methods of their derivation are not
i rcluded. This inadequacy could be alleviated if the
geology and seismology have been taken into account accord-
ing to AEC's "Seismic and Geologic Siting Criteria for
Nuclear Power Plants" (10 CFS 100, Appendix A, Federal
R ister, Vol. 36. No. 228, Nov. 25, 1971). If-thi has

idone we suggest that it be indicated along with a
reference to the AEC Criteria.

Macroinvertebrates

Compared with extensive detail found in sections dealing
with fish species, plankton, etc., the benthic section on
macroinvertebrates and benthic organisms appears to be
deficient. -We suggest that this section recognize that
due to pollution control programs, the quality of the water
has improved in recent years. This is evident by the
reappearance of blue crabs in the lower Hudson River in
the vicinity of Indian Point.

Impacts of Station Operation on Land Use

We have been aware of the applicant's intentions of providing
recreation opportunities on its site for some time. It
is indicated on page V-2 that a Master Land Use plan has been
developed for the plant site and that the 80-acre woodland
recreational facility will be available for public use.
We are pleased with this planning and suggest that a descrip-
tion of these plans, including a timetable for implementation
should-be-included in the final statement.

Effects on Historical Landmarks

No existing or proposed units of the NationalPark System
wiil be adversely affected by the proposal. It does not
appear that any site registered as a National Historic,
Natural, or Environmental Education Landmark or any site
listd as eligible for such registration will be adversely '
affected.

We are pleased that evidence of consultation with both the
Advisory Council on Historic Preservation and the State
Historic Preservation Officer both of which reveal an effort
to comply with Section 106 of the National Historic Preserva-
tion Act of 1966 and Executive Order 11593.

Thermal Effects on Water Uses

Anticipated impacts of thermal effluents on aquatic biota
in the Hudson River appear to have been exhaustively analyzed.
However, little or no information is included in the effect
of the raised water temperature on other uses of the river
water upstream and downstream from indian Point, particularly
at points between 90 and 120 miles downstream of Troy,
New York. It is recognized that the effects will be partially
inseparable from those of other powerplants such as the
Lovett and Bowline fossil-fuel plants, and that the effects
would presumably not be significant after May 1, 1978,
when a closed-cycle cooling system would become operational.
However, it is suggested that assurances be given that
thermal effects -evaluated in the statement include effects
on other industrial uses of the water, particularly the
important use of the water as a coolant.

Cumulative Impacts

We believe it imperative, when considering impacts on fish
and wildlife resources, that all units operating or planned
on the Thdson River estuary be considered. The fishery loss
associated with steam-electric power plants withdrawing
water from the river should be discussed more thoroughly.
Such an overall analysis of impacts would be more informa-
tive than a discussion of only the Indian Point Nuclear
Generating Station's impacts.

The principal emphasis of the biological impacts have
related to the effects on striped bass resources. Many
pages of testimony have been presented, both pro and con,
as to the significance of thermal pollution, chemical impacts,
entrainment, and impingement on the resources of the Hudson
River. Much of this testimony is centered on whether or not
installation of a closed-cycle cooling system is necessary to
prevent unacceptable adverse effects on the striped bass
population. The AEC has recognized and we concur that the
effects on other species are equally as important although
not as much information has been presented:

I-7
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Transmi sion Facilities

It is stated on page V-4 that chemical treatment shall be
used only after consultation with recognized experts in
this type of work. Since no specific chemicals arementioned,
it must be emphasized that the applicant should consult
the Environmental Protection Agency, the New York Department
of Environmental Conservation and the Bureau of Sport
Fisheries and Wildlife of this Department when chemical
control-of vegetation or pests is contemplated.

Sampling Methods

Three important considerations which tend to reduce the
reliability of the fish count studies of impinged fish are
discussed on page V-36. We suggest that a fourth factor be
considered. The data collected in substantiation of air
current use is suspect because, as'pointed out by MRPC in
their letter of July 16, 1973, to Consolidated Edison, the
air current creates a positive outflow away from the screen.
Fish which have already been damaged or killed by impingement
are thus moved out into the river rather than onto the
traveling screens to be enumerated. We understand that the
applicant has designed studies to determine the extent of
this problem.

,It appears that the AEC staff has evaluated extensively
the studies and study techniques accomplished at Indian Point.
However, it appears that the efficiency of gear used in
capturing various species of larvae, juvenile and adult fishes
by various consultants who have worked on the river should
receive additional consideration. Certain types of gear
such as beach seines to enumerate striped bass may be found
to be inappropriate.

Chemical Discharges

Due to the recognized detrimental environmental impacts of
chlorine on the aquatic environment, consideration should be
given to the elimination of this element from powerplant
effluents. Although an alternative biocide system is
discussed on page Xl-50, the feasibility of this alternative
at Indian Point 3 is not given.. We are aware that the dis-

.charge of chlorine after the closed-cycle cooling system
is in operation will be greatly reduced.

6

Solid Radioactive Wastes

The solid radioactive wastes are described as evaporator
concentrates from the liquid waste processing system along
with spent resins, filter sludges, air filters, miscellaneous
paper and rags. It is estimated that about 1,000 drums,
having an estimated total activity of approximately 4,900
curie, will be shipped offsite annually to a licensed
burial facility at-'Morehead, Kentucky. We think that the
impact evaluation would be greatly improved if it specified
the kinds of radionuclides, their physical states, their
concentrations in wastes, and the estimated total volume of
wastes for the expected operating life of the plant.

We also suggest that the statement include an evaluation of
the ultimate disposal sites for all radioactive wastes
generated by Unit 3. The statement should also include
Federal and State Licensing provisions, criteria, and
responsibilities for the site in regard to : (1) determina-
tion of the hydrogeologic suitability of the site to isolate
the wastes of the Indian Point Station from the biosphere;
(2) surveillance and monitoring of the site*; and .(3) any
remedial or regulatory actions that might be necessary
during the period in which the wastes will be hazardous.

Major Accidents

The environmental effects of Class 9 accidents which'would
result in both air and water releases of radioactive
materials should be described along with the potential impacts
on human life and the remaining environment as long as there
-is any possibility of occurrence. The consequences of an
accident of this severity could have far-reaching effects on
land and in the Hudson River estuary which could persist for
centuries affecting millions of people.

The recent bulging of the steel linerfor the containment
used at Indian Point No. 2 dramatically displays the signi-
ficant problems associated with nuclear plants and also the
very real potential for major abcieients.

Alternative Fish Protection Measures

The second sentence,paragraph 2, page Xl-51 should read.
0.5 fps rather than 0.5 ppm.

1-8



DEPARTMENT OF TRANSPORTATION

Environmental Costs

The Pollution Committee of the American Fishery Society,
Southern Division, in 1970 published a report entitled,
"Monetary Values of Fish," which described cost of fish
replacement. Although these values do not reflect the true
environmental costs, they may be useful in arriving at a
minimal dollar value of fish resources impacted by power-
plants. As an example, replacement costs for white perch
range from 5 cents per fish, 1 inch long up to 60 cents
per fish, 12 inches long. These values are more appropriate
to use than values of adult fish to the sport and commercial
harvest because of problems relating to estimating the

survival of fishes through various life history stages and
the value of fish which have been incorporated into food
webs. They would be of much more value than those values
included in Table XI-15 which places a relative value on
the magnitude of resource losses.

Table A-6

Footnote a. indicates that the river temperature at the
mouth is 70 0 F. Data compiled by NOAA in National Ocean
Survey publication 31-1, "Surface Water Temperature and
Density for North and South America'! indicates that the
mean monthly temperatures near the Battery for the months of
July and August have been 71.40F and 73.2 0 F respectively.

We hope these comments will be helpful'in the preparation
of the final environmental statement.

Sincerely yours,

UNITED STATES COAST GUARD

50-286

Mr. Daniel R. Muller
Assistant Director for Environmental

Projects
Directorate of Licensing
Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

4W SIEVENTU STR99? SW.
WASHIN

426-226

a cci

-E C, 4 / .

7.L

This is in response to your letter of October 17, 1973 addressed to Mr. B. 0.
Davis concerning the draft environmental impact statement for the Indian
Point Nuclear Generating Plant, Unit 3, Westchester County, New York.

The Department of Transportation has reviewed the material submitted. We
have no comments to offer nor do we have any objection to the project.

The opportunity to review this project is appreciated.

Sincerely,

Deputy Assistant Secretary of the Interibr

P1

Mr. Daniel R. Muller
Assistant Director for

Environmental Projects
Directorate of Licensing
ATomic Energy Commission
Washington, D. C. 20545

1-9



. UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460

50-286

OFFICE OF THE
ACMINISTRATOR

Mr. L. Manning Muntzing DEC11 1973-
Director of Regulation
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. Muntzing:

The Environmental Protection Agency has reviewed the
draft environmental impact statement issued in conjunction
with the application of Consolidated Edison Company for
an operating license for Indian Point Nuclear Generating
Plant, Unit 3. In general, we agree with the conclusions
and recommendations of the AEC staff concerning this project,
except as discussed in the attached detailed comments.
Regarding the draft statement, we believe it represents one
of the best efforts to date to assess the impacts of a
nuclear Power facility, particularly with respect to impacts
on aquatic biota.

While the existing liquid and gaseous waste treatment
systems for Indian Point Units 1, 2, and 3 are not sufficient
to limit radioactive discharges to levels that are con-
sistent with the provisions of 10 CFR Part 50 and Regulatory
Guide 1.42, the applicant is modifying these systems in order
to provide adequate treatment. In general, the proposed
modified systems are expected to limit radionuclide releases
and offsite doses to levels within those proposed in
Appendix I to 10 CFR Part 50. Possible exceptions are the
potential doses to a child via the cow-milk and inhalation
exposure pathways originating at or near the site boundary.

Since the present once-through cooling system will not
enable the Indian Point Unit 3 to operate in compliance with
applicable water quality standards for the State of New York
and will result in severe (possibly irreversible) impacts
on aquatic biota in the Hudson River, we agree with the AEC
staff's recommendation that Unit 3 be converted to closed-cycle

8800

2
cooling. The proposed May 1, 1978, completion datei however,
may not be acceptable either from the standpoint of fishery
protection or with respect to.the Federal Water Pollution
Control Act Ammendments of 1972 (FITPCA)-which calls for
July 1, 1977. We suggest, therefore, that consideration
be given to expediting the installations of the closed-cycle
system and, considering the impact that may occur during
the interim operation of the once-through systems, that
EPA be provided with details of the "plan-of-action" to be
developed for the interim period as soon as available.
All pertinate factors, including impacts and FWPCA re-
quirements, will be' considered by EPA prior to action on
a discharge permit for this unit under the National Pollutant
Discharge Elimination System (NPDES) instituted by the
FWPCA.

In light of our review of this draft statement and in
accordance with EPA procedure, we have classified the
project as ER (Environmental Reservations) and rated the
draft statement as Category 1 (Adequate). We would be
pleased to discuss our classification or comments with you
or members of your staff.

Sincerely yours,

Sheldon Meyers
Director
Office of. Federal Activities
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ADDITIONAL COMMENTS

The Environmental Protection Agency has reviewed the draft
environmental statement issued by the O.S. Atomic Energy
Commission in conjunction with the application of Consolidated
Edison Company for a license to operate Indian Point Nuclear
Generating Plant, Unit 3. This unit is now nearing completion
at the Indian Point site located in Westchester County,
New York on the Hudson River. The following are our major
conclusions:

1. With the exception of-gaseous radioiodine releases, the
proposed modified gaseous and liquid waste treatment systems
for Units 1, 2, and 3 are expected to be capable of limiting
radionuclide releases and, therefore, the related offsite doses,
to levels within the guidance of the proposed Appendix I to
10 CFR Part 50. Based on EPA's independent analysis, the thyroid
doses from radioiodine via both the cow-milk child and inhalation
pathways at or near the site boundary exceed the guides in the
proposed Appeitdiv T and +iie interim Regulatory Guide .1.42. Thus,
the applicant should deve)op a program to identify the location
of milk cows ana monitor the critical dose pathways in order
to assure that the real doses are maintained within the
provisions of applicable regulatory limits and guides throughout
the lifetime of the plant.

2. iit:a Lhermal dischargus from Indian Point Units 1,2,and 3,
uzing once~through uŽoliig, will result in violation of
applicable New York State water quality standards for the Hudson
River. Specifically, surface width and cross sectional temperature
rise criteria will be exceeded and the raximu~n scrface temperature
criteria of 90°F (32.2°C) may also be exceeded. Dissolved
oxygen concentrations in the Hudson River are already, at times,
below New York State standards. The addition of a thermal
discharge from Unit 3 to the River will likely cause a further
deterioration in this water quality parameter. These factors
underscore the need for thermal pollution control measures at
Indian Point.

3. We agree with the AEC recommendation that cooling
towers be installed at Indian Point Unit 3 as the AEC has
previously recommended for Unit 2. The May 1, 1978, compliance
date that is proposed, however, may not be acceptable either
from the standpoint of'fishery protection or compliance with the
requirements of the Federal Water Pollution Control Act Amendments
of 1972 (FWPCA) . The four-year interim period to May 1978 with
operation of Indian Point Units 1, 2, and 3, using once-through
cooling, coupled with the operation of other plants on the

-3
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6
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Hudson will result in serious and possibly irreversible
depletion of aquatic biota. For example, fish losses
due to impingement, and egg and larvae destruction due
to entrainment, have been and will be substantial enough
that the elimination of white perch and striped bass
populations as viable fisheries is probable. The FWPCA
requires the installation of "Best Practicable Control
Technology Currently Available" by July 1, 1977. We
suggest, therefore, that consideration be given to
expediting the installation of the closed-cycle cooling
system so that it can be ready for operation by July 1, 1977,
or sooner, if possible. In addition, since it is possible
that the irreversible point for some species could be
reached before 1978 or even July 1, 1977, we concur with
the AEC staff that the applicant should develop a
"plan-of-action of operating procedures and design of
the once-through cooling system to... minimize detrimental
effects on aquatic biota... during the interim period ......

4. All jurisdictional and environmental factors will be
considered when EPA evaluates the application of Consolidated
Edision Company for a permit for Unit 3 under the National
Pollutant Discharge Elimination System (NPDES)-as instituted
by Section 402 of the FWPCA. In particular, impacts from
thermal discharges, impingement, and entrainment will be used
to develop special conditions for this permit.. In this regard,
we would iike to be provided with the details of the "planz-
of-action" to be deveropeC for the interim Dvcriod as soon as
available and, in any case, prior to EPA's action on an NPDES
permit.

5. With respect to the total Indian Point station, the
AEC favors the alternative that calls for cooling towers for
Units 1 and 2, and continuance of operation of Unit 1 with
once-through cooling. Regarding Unit 1, however, EPA will
be evaluating its impact, based on the requirements of the
NPDES permit program, to determine what actions may be necessary
to protect aquatic biota.

RADIOLOGICAL ASPECTS

Radioactive Waste Manaqement

3

The radioactive waste treatment systems for all three units at the
Indian Point site are to be intertied with- the olanned modifications to
the Unit 1 liquid waste management system. Therefore, it has been
necessary for us to include consideration of all three units in our
review. The existing liquid and gaseous waste treatment systems for
Indian Point Units 1, 2, and 3 are not capable of limiting radioactive
discharges to levels that are consistent with the provisions of 10 CPR
Part 50 and Regulatory Guide 1.42, since there is no provision for treat-
ing effluents from the steam generator blowdown from all three units and
no current capability to control gaseous iodine from the Unit 3 auxiliar.
building and containment. However, in an effort to comply with the AEC':
10 Part 50 regulations, the applicant is modifying the waste treatze•=t
systems to provide treatment for these effluents. In general, the tro-
posed modified systems are expected to limit radionuclide releases and,
subsequently, offsite doses to levels within those proposed in Appendim-
to 10 CFR Part 50, with the exception of the potential doses to a child
via the cow-milk and inhalation exposure pathways at or near the site
boundary.

Operating experience at other reactors which employ a 2 gallonr oer
minute (gpm) waste evaporator (Ginna, H. B. Robinson), has shown thae It
is not possible to attain the design decontamination factor and/or flow
rate3 assumed for this size evaporator. Although the operational prcble-
may be characteristic of specific types of evaporators, there is insi-
cient information to make this aete•a nL~ion. Týie final statement- snouic
provide a discussicn of 1:he t'ype of evaporator p-rovided for Uait 3 and a
discussion of its characteristics compared to those ii operating plants
which have experienced evaporator problems. Sufficient detail should
picvided to assure that the Indian Point Unit 3 evaporator will performn
up fo its design characteristics, so that the liquid radioactive effluen'
can be considered to be "as low as practicable" using "state-of-the-art"
technol.ogy.

In view of the liquid radioactivity actually released during normal
operation of Unit 1 and the near-term (to 1975) effluent projections for
Units 2 and 3, it is possible that applicable regulatory guidelines may
be exceeded by the individual units. We stress the importance of the
utility's full utilization of the available waste treatment capabilities
until the modifications are completed.

Dose Assessment

Cur calculations for milk ingesticn doses to the thyroid of a
one-year-old child are in reasonable azreement with those of the AEC.
For example, for consumotion of milk zrciuced by the nearest cow
(11.2 kilometers (7 miles) from the plant), we calculated a thvroid
dose of about 5.4 mrem/yr, while the LEC's corresponding estimate
was 5.5 mremiyr for all three units utilizing the proposed modified
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waste treatment systems. Based on these results, it is evident
that the thyroid dose via the grass-cow-milk pathway is expected
to be within the provisions of Regulatory Guide 1.42 by a factor
of about three. However, locations of the nearest potential pastures
have not been identified. In the final statement, the nearest
potential pastures should be identified and the corresponding
thyroid doses via milk consumption at those locations should be
given. For example, our calculated thyroid dose to a four-
year-old via this pathway is in the range of 20 mrem/yr at the
site boundary, for the modified waste system case. To ensure
that the thyroid dose due to inhalation and also milk consump-
tion does not exceed the provisions of Regulatory Guide 1.42,
the applicant should.d.velop a program to identify actual pastures
and children residing at or near the site boundary as part of
the operational environmental surveillance program. These measures
should be described in the final statement. Also, the analytical
sensitivity of the environmental sampling program should be
developed to be capable of detecting the exposure levels given
in Regulatory Guide 1.42. Furthermore, in order to assure that
employees at the vicitor's center do not receive doses in excess
of those suggested by the proposed Appendix I to i0 CFR Part 50
and Regulatory G'iide 1.42, appropriate monitoring systems should
be provided in thU Visitor's center. This is particularly important
relative to potentially excessive thyroid exposures.

The EPA expects chat the results from current and planned
joint EPA-AEC and industry cooperative field studies in the
environs of operating nuclear power facilites wll -! rcatly increasckno,;ledge of the processes and mechanism invol!'eU in the exposure
of man to-radiation croduced through the use of nuclear power.
We believe that, overall, the cumulative assumptions utilized to
estimate various human doses are conservative. As more information
is developed, the models used to estimate human exposures will be
modified to reflect the best data and most realistic situations
possible. Based on the results of these cooperative studies, it
is possible that the scope and extent of present environmental
monitoring programs may be relaxed.

Transportation

EPA, in its earlier reviews of the environmental impact of
transportation of radioactive material, agreed with the AEC that many
asnects of this problem could best be treated on a generic basis.
The generic approach has reached the point where on February 5, 1973,
The AEC uublished for co~mment in the Federal Register a rulemakina
o•roposal concerning the "Environmental Effects of Transportation of
i'uel and 7Taste from Nuclear Power Reactors." EPA commnted on the

rono'mci rulemaking by a letter to the AEC, dated March 22, 1973, and:•y an appearance at the public hearing on April 2, 1973.

Until such time as a generic rule is established, EPA is
continuing to assess the adequacy of the quantitative estim.ates of
environmental radiation impact resulting from transportation of radio-
active materials provided in environmental statements. The estimates
provided for this station are deemed adequate based on currently
available information.

Reactor Accidents

EPA has examined the AEC analysis of accidents and their potential
risks which the AEC has developed in the course of its engineering
evaluation of reactor safety in the design of nuclear plants. Since
these accident issues are common to all nuclear power plants of a
given type, EPA concurs with the AEC's approach to evaluate the
environmental risk for each accident class on a generic basis.
The AEC has in the past andastill continues to devote extensive
efforts to assure safety through plant design and accident analyses
in the licensing process on a case-by-case basis. EPA, however
favors the additional step now being undertaken by the AEC of a
thorough analysis on a more ui~antitative basis of the risk of
potential accidents in all ranges. We continue to encourage
this effort and utge ahe AEC to press forward to its timely
completion and publication. EPA believes this will result in a
better understanding of the possible risks to the environment.

We are pleased to note in the draft state:aent the discussion
of the Reactor Safety Study and the conmiti=nt for timely public
presentation Of its racults. If the AEC's efforts indicate that
.nwarranted risks are being taken at the Indian Point station,
we are confident that the AEC will assure appropriate corrective
action. SLmilarly, if EPA efforts related to the accident area
uncover any environmentally unacceptable conditicons related to the
safety of the Indian Point station, we will make our views known.
Furthermore, the discussion of the potential consequences of the
failure of radioactive waste systems is recognized as a significant
improvement which is responsive to EPA'S request that plant specific
consideration be amplified in individual draft statements.
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NON-RADIOLOGICAL ASPECTS

According to the draft statement, Unit 3 of the
Indian Point Station employs a pres' rized water reactor
which will produce up to 3,025 mega-.:atts thermal (MLt)
with a design power level of 3,216 >i;;t "...anticipated
at a future date." As proposed by the applicant, condenser
cooling for this unit will be acco-:p ished by a once-through
system withdrawing cooling water from the Hudson River
utilizing a separate intake and discharging heated water
back into the river "...via a common (i.e. used by all
three units) discharge canal and submerged multiport
diffuser."

In our opinion, the once-through system will not
permit Unit 3 to operate in compliance with either existing
or proposed thermal standards for the State of New York,
especially when considered in the light of thermal loads
imparted by Units 1 and 2 as well as other sources along
the river. Also, this system will undo-'htedl' leod to
significantly increased and serious iroacts on aciuatic
biota due to thermal, impingement, and entrainment effects.

In addition to the above, the once-through design will
probably not be in conformance with certain provisions of
the Federal Water Pollution Control Act Ammendments of 1972
(PFWCA). suiiically, SecLion 331 f this Act cequiiret
that cooling ;Istem., of steam electric planu3 employ tue
"Best Practicable Control Technology Currently Av-ilable"
by July 1, 1977, and the "Best Available Technology Economically
Achievable" by July 1, 1983. Although a description of these
terms (embodied in effluent limitations for this type of
facility) has not yet been promulgated by EPA, it is likely
that some form of closed-cycle cooling will be required,
particularly in those situations where such a system is
obviously the best alternative environmentally. All jurisdic-
tional and environmental factors will be considered when
EPA evaluates the application for a Dermit under the National
Pollutant Discharge Elimination System (NPDES) instituted
by Section 402 of the FWPCA. In particular, impacts from
thermal discharges, impingement, and entrainment will be
used to develop special conditions which will be imposed by
EPA in issuing a permit for Unit 3.

It should be noted that a reconsideration of the re-
quirements of the FWPCA, as they apoiy to the thermal
componont of a discharge, may be allowed by the Administrator
of EPA (or if appropriate the State) under Section 316(a) of

the Act, if it can be demonstrated by the applicant that
less stringent requirements will "...assure the protection
and propagation of a balanced, indigenous population of
shell-fish, fish, and wildlife in and'on the body of water
into which the discharge is made."

This possibility notwithstanding and without pre-
judging the permit application, we concur with the AEC
recommendation that cooling towers be installed on Indian
Point Unit 3. The May 1, 1978, date specified in the
draft statement for completion of this system, however,
may not be acceptahle from the standpoint of adequate
protection of aquatic biota since, considering electrical
energy demands in the region, the plant will be
permitted to operate with once-through cooling during
the interim period. Nor will the date be consistent with
the July 1, 1977, compliance date specified in the FWPCA.
Therefore, we suggest that consideration be given to
expediting the construction schedule where possible to meet
the 1977 daLe or earlier and that the final statement detail t3h-s-
procedures that will be taken during the interim operation
to minimize the impacts on the Hudson River fishery..
If it is not fcasible to reduce power at Unit 3 during
critical periods to protect equatic biota, some structural
and operational :Aitigating measures may be possible.
Several such measures are discussed in the context of
our comments in the following pages.

With respect to the total Indian Point station, the
AEC favors the al'ernative that calls for cooling towers
on Units 2 and ?, and continuance of operation of Unit 1 with
once-through cooling. Regarding Unit 1, however, EPA will
be evaluating its impact, based on the requirements of the
NPDES permit program, to determine what action may be
necessary to protect aquatic biota.

Biological Effects

As mentioned previously, in our opinion, the operation
of Indian Point Unit 3 in conjunction with Units I and 2
during the interim peripd, when combined with other electrical
generating facilities on the Hudson River, will have a serious
adverse impact on the aquatic biota of the River. With regard
to Unit 3's operation, these effects will be due to operation
of the plant's once-through cooling system and will result
not only from thermal effluentsebut also from the cooling
water intake configuration which will lead to excessive
impingement and entrainment rates. These effects are discussed
in turn below.
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Impingement on intake screens

In an earlier AEC impact statement issued on Indian

Point Unit 1, it was recognized that fish impingement
rates are a function of both flow and velocity through

the intake structure. Figure V-4 in the present draft

statement (which was also presented in a previous statement

for Unit 2), illustrates this point. It can be seen

that the impingement rate increases drastically at the

plant site for velocities greater than 0.9 fps (0.28 mps).

The intake velocity across the screens at Unit 3 will be

1.5-2.0 fps (0.46-0.61 mps) under full flow conditions.
The question then arises as to why the applicant did not

utilize such information in the final design of the intake

structure. A better design could have resulted in an

intake configuration with a lower intake velocity and

consequently a reduced impingement rate. In this regard,

it should be noted that the importance of reducing.
environmental damage of this nature is addressed in the

FWPCA. Section 316(b) of the Act pr~v1e- that the

"..location, design, construction, and capacity of
cooling water intake structures reflect the best technology

available for minimizing adverse environmental impacts."

Although the applicant estimates that the total annual

kill from impingement at all three Units will be 2.6 x 106

fish per year, Lhe AEC staff estimates that this figure
may be low fr.: a nu-iber of reasons, among %.hich is the

fact that the figure does not include peaks resuiting
from large-scale periodic kills. EPA believes, however,

that from previous data submitted, the above estimate may

be very low. To this point, in the final statement for

Indian Point Unit 2, it was estimated that the winter kill

at Unit 2 alone would be about 30,000 per day, which

translates to 5.5 x 106 over the 6-month winter period. It

would probably not be too unreasonable to estimate a total

annual kill.of.8 x 106 at Unit 2. This would be equivalent

to about 20 x 106 at all 3 units, a figure 7 times higher

than that given in this draft statement. This point is

reinforced by Raytheon data which show about 1.3 x 106

fish killed in only 2 months of data collection. The AEC

should attempt to clarify this discrepancy in fish kill

estimates in the final statement. In addition, considering

the magnitude of the impingement problems likely to be

experienced at Unit 3 during the interim period, the

final statement should indicate the means by which intake

design changes and plant operations will be utilized to

reduce excessive impingement rates.

9

With respect to this goal, the AEC staff proposes that
the applicant be required to monitor impingement and indi-
cates that the "Environmental Technical Specifications will
place a maximum number on daily fish kill in order to limit
kills " In other words, the applicant will be expected to
monitor impingement kill rates and to reduce flow when
a given number is reached. We are skeptical that this
procedure will be effective considering that this unit
will supply base load capacity to a system that is
purported to be, during some periods of the year, already
overtaxed terms electrical demands. Thus, the final
statement should only indicate those realistic measures
that will be taken to assure that impacts due to impingement
kills will be minimized.

It should be noted that the applicant, in an effort to
reduce kills on the travelling screens, has installed
fixed screens in the front portion of the intake structure
of Unit 1. This has reduced the impingrmenet problems on
the travelling screens, but it woulU s-em, though, that
the problem has been transferred to the fixed screens.
Documents reviewed by EPA to date appear to indicate that
little is known about the effectiveness of the fixed screens in
prevention of impingement mortalities. If this is not the
case and data exists to show that fixed screens are
truly effertivr, in rt9ucing such mortflities, it chculd
be presented in tir final statement and a reasmn given
for not installing this device on Unit 3 during its
interim period of operation with once-through cooling.

Entrainment

Entrainment is. and will continue to be a major
problem at Indian Point, particularly during the interim
period. The draft statement addresses this problem, but the
AEC staff's approach is limited and may well be under-
estimating the overall picture by concentrating too
extensively on the effects on the striped bass. For
example, the draft statement does not adequately cover
a significant decline in the White perch that has occured
since the early 1960's. If, as seems likely, a major
contributing factor in this decline was the operation
of Unit 1, then combined operations of all three
units promise to accelerate this trend. Since the same
problem exists for yet other species (e.g., toecod, shad,
and alewife), it is important that decisions concerning
the schedule and manner of replacing the presont once-
through cooling systems be based on analyses that include
species in addition to the striped bass.
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With respect to the analyses of the impacts on the
striped bass population, the AEC staff estimates that
reductions of eggs and larvae moving, past the plant will
range from 43 to 72%, if the comaine 'effects of all
plants in the area are considered, including those
caused by Indian Point operating at full capacity. Although
the draft statement does indicate that such losses could
result in the bass population deteorating "...beyond the
point of rehabilitation," we are concerned that it has
been assumed that irreversible conditions will arise
only if operation of the three units with once-through
cooling were to persist well beyond the perind allotted
for installation of closed-cycle cooling on Units 2 and
3.. It'is possible that the irreversible point could be
reached before 1978 or even July 1, 1977.. Thus we concur
in the recommendation of the AEC staff that the applicant
develop a "plan-of-action of operating procedures and
design of the once-through cooling system.., to minimize
deterimantal effects on aquatic biota in the Hudson
River to a prettirable :ninimum during tha interim
period ...... .. e suggest, however that the details of
this plan be submitted to EPA for revie: as soon as
they are available and, in any case, prior to FPA's
action on an NPDES permit application for Unit 3.

Returning to a consideration of other species, if
theffect- of irmningement and entrainment are great
dnd if there is a Kiort time lag between hatching
and recruitment to the aoult population, then population
effects in these other species may be even mere significant
than those exhibited by the striped bass population. Thus
we question the argument that a 5 year "test" period
before installation of a closed-cycle system(s)" is warranted
because there is a 4 to 6 year lag before egg and larval
-destruction will result in a. decline in adult bass
population. In our opinion, any such test period should
be predicated on one of the other important species,
for example the white perch discussed previously. The
final statement should-discuss this point.

Physiochemical Parameters

The major concerns in this area are the effects of
operations on dissolved oxygen (DO) and chlorine
concentrations in the receiving water.

In the draft statement it is stated that: "The
Hudson River near Indian Point has a relatively low load
of decomposing matter." This would secm to be contradicted
by the range of ambient summertima dissolved oxygen levels

i1

in the receiving water (3-11 mg/1). An ambient DO of
3.0 mg/l would indicate a very high leading of the water
with putrescible organics. No DOD data were reported in
the statement; if this were included' Li the final state-
ment, we would be better able to judge the possible severity
of the thermal enhancement of biochemical oxygen demand.
Also, the discharge of an appreciable -ass of dead organisms
(as will certainly occur here) can only serve to increase
the DOD in the thermal plume.

The waters into which the Indian ?oint plant discharges are
classified as "SB" under the Neew York State regulations.
The present regulations for this cla-s specify a minimum
of 5.0 ppm (mg/l) of dissolved oxygen. Since combined
discharges of all 3 units at Indian Pei:.t will further
lower DO values, which are already in violation of
regulations during certain seasons of tame year, plant
operations will further contravene the New York regulations
for dissolved oxygen, The final statement should discuss
this probleml.

According to the statement, "Chlo-ination of the
once-through cooling system for either Unit 2 or Units 1
and 3 may result in discharging cooling water containing
up to 0.5 ppm (mg/i) of residual chlorine." IL is also
stated that, "The (AEC) staff will recaire that the

otaeL resieual chlorine concentration at'the point of
discharge into +hp :7udson River shall not exceed 0.1
ppm (mg/l)." As was the case with fish kills of the intake
screens, the applicant will also be reuiared to monitor
chlorine residual. The final statement s!'ouid contain
actual operating data from Units 1 and 2 in this regard.
From previous documents it seems that the chlorine
residual from Unit 1 alone has at times exceeded 0.5
mg/l (ppm). In light of this fact, further evaluation
is needed that combined operations at Units 1-3 will yield
no more than 0.1 mg/1 (ppm).

We agree with the AEC staff that chlorination should
be performed during peak tidal flows and daylight hours.
We also feel, how, ever, that due to uncertainty as to actual
chlorine residuals which might result from combined
operations, alternate means of condenser cleaning should be
reevaluated and the results discussed in the final statement.
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Thermal Discharge

The data contained in the statement indicate that the
thermal plume at Indian Point will not comply with either
present or proposed New York State thermal criteria.

It is predicted that under severe operating conditions
the entire surface width of the river will experience
temperature rises greatqr than 2.2 IC (4'F). This would be in
contravention of present New York regulations, which
stipulate that a temperature rise of this magnitude shall
not take place over greater than 2/3 the surface width.
New York regulations also stipulate that surface
temperatures shall not be greater than 0ý3F (32.2'C) at any
point in an estuary. We agree with the AEC staff's reservations
as to whether this requirement will be met. To better
evaluate this situation it would be helpful if the AEC
included actual operating data in the final statement with
respect to the thermal plume resulting frcia operation of
Units 1 and 2.

EPA believes that there is significant potential at
the site for recirculation of the heated effluent. The
combined discharge is located only 152 m (500 ft) downstream
of the intake openings for Unit 3. The final statement should
discuss the potential for recirculation of heatea effluent
......e T 1-,,.!g anrd olck tidal cycles and the effect of tLis
recirculation on. c- ability ,of the plant to meet thermal
standards.

In order to reduce impingemint, during the time when
ambient water temperature is 4.41C (400F) or leze• 60% re-
circulation of flow will take place in accordance with a
directive from the State of New York.. Given that this
procedure will reduce impingement, it may also, however,
aggravate the already unacceptable thermal discharge effects.
The statement contains information indicating that the
cross-section requirement of the New York regulations will
be violated. They stipulate that no greater than 50% of
the cross-section of the river shall be impacted by the
41F (2.21C) isotherm. The thermal pluma will exceed this
limitation most of the time. Thas, it appears that the
only way New York State criteria '.ill be met is by
conversion of Unit 3 to closed cycie cooling.

ADDITIONAL COMMENTS

During the review, we noted in certain instances that the
draft statement does not present sufifcient information to
substantiate the conclusions presented. We recognize that
much of this information is not of major importance in
evaluating the environmental'impact of the Indian Point
station. The cumulative importance, however, could be
significant. It would, therefore, be helpful in determining
the impact of the plant if the following information were
included in the final statement:

1. According to the draft statement, the liquid
effluents from steam generator blowdoý,m will be
released directly into the environment without treatment,
if the blowdown contains activity below a predetermined
value. The final statement should provide the criteria
for such untreated discharges and should indicate if
such untreated rvleases are taken into account in Table
5-6 of the draft statement.

2. Ventil2tion air from the turbine building, Unit 1
flash tank vapor 'via Unit 1 roof vent) and Unit 3 flash
tank vapor (via Unit 3 roof vent) will not be monitored.
Also, it is not .leai from the draft statement whether
turbine buildin5 drains will be monitored. The final
statement should d3scuss how AEC Safety Guide 21 criteria
can be met without monitoring. If monitoring or =ampling
provisions are not to be included, the AEC should discuss
in the final statement exactly how the radioactivity in
the discharges viI be quantitated, so that environmental
dose assessments anm station release records will reflect
the total station impact on the environment. It appears
that the Unit 3 flash tank vapor via the Unit 3 roof top
vent is not accounted for in the list of radioiodine source
terms in Table 5-9. This source term should be given
in the final statement, and the dose evaluations
correspondingly modified.

3. On Page 5-121 in the draft statement, the AEC states
that the ventilation air from the fuel storage buildings
will be treated by a charcoal adsorber only if the radio-
activity in the air is above a present value. The specific
criteria for utilizing the charcoal adsorber should be
given in the final statement.

4. The final statement should specify the estimated
percent. of operating time that plant load will exceed the
percolation capacity of the sand filter beds. This excess
would be bypassed directly to the river. If the bypass
time is significant, consideration should be given to
enlarging the capacity of the beds.
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Decenbetr 13, 1973

Mr. Daniel R. Muller
Assistant Director f1 1i

for Environmental Projects DE I
Directorate of Licensing
Office of Regulation
U. S; Atomic Energy Corsaission -

Washington, D. C. 20545

Dear Mr. Muller:

T1his is in response to your letter of October 17, 1973,
requesting comment on the AEC's Draft Environmental Statement
related to thie proposed issuance of an operating license to
the Consolidated Edison Company of ,o:e York, Inc. for the

Indian Point Nuclear Generating Plant, Unit No. 3 (Docket

No. 50-235), located in Westchester County in the State of
New York, Thwo operating nuclear generating units are located
on the site.

These cooiuents by the Federal Power Coimission's Bureau

of Power staff are submitted in compliance, with the National
Environmental Policy Act-of 1969, and the August 1, 1973,
Guidelines of the Council on Enviroennental Quality, and are
directedl to the need for the capacity of the 965-megawact
Indian Point Unit No. 3, and related bulk power supply
matters.

In preparation of these comments, the Bureau of Power

staff has considered the AEC's Draft Environmental Statement,
the Applicnot's E£virorunental Report and Supplements thereto,
related reports made in accordance with the Co-mmission's
Staltement of Policy on Reliability and Adequacy of Electric

Service (Docket No. R-362); and the staff's analysis of these
documents, :ogether with related inforinsation from other FPC

reports. 'the staff generally bases ins evaluation of the need

for a specific bulk power supply facility upon long-term con-

sidcrations as veil as upon the load supply situation for the

peak lead period immediately following the availability of the
new facility. It should be noted that the useful life of

Indian Point Unit No. 3 is expected to be 30 years or more.
During that period the unit will make a significant contribution
to the reliability and adequacy of the electric power supply in

the Applicant's service area.

The Applicant is an electric utility, whose service area

includes New York City and the major portion of Westchester
County. The Applicant is a member of tile Northeast Power

Coordinating Council (NPCC), which coordinates the planning
of members' bulk power geucrating and transmission facilities

for the rogional area which includes New England, New York,

and the Canadian provinces of New Brunswick and Ontario. In

addition, the Applicant is a member of the New York Power Pool(NYPP), the operatin,; pool for the State of New York, which

coordinates the planning and operation of the members' generating
and transmission facilities. NYPP has established a regional
reliability standiard which requires each member system by 1975 to

maintain an installed reserve capacity at least equal to that

required to provide an 18 percent reserve margin during its -most
recent annual peak load period. NYPP utilizes centralized
economic dispatch techniques to operate the members' bulk power
facilities on a single control area basis.

The discussion and conclusions regarding the need for the

capacity of the 965-megawatt Indian Point Unit 3, contained in
the AEC's Draft Environmental Statement, are concurred in by the
staff of the Bureau of Power. The capacity, load, and reserve

data presented in the draft environmental statement agree with the

latest information available to the staff, and demonstrate the
need for the unit on the Applicant's, the NYPP, and the NPCC

sys teas.

Since the publication of the draft environmental statement,
fuel oil supplies from the MIiddle East have been curtailed.
With the :c-eeeption of 1,130 megawatts -of baseload nuclear
capnbility, the Applicant's baseload and peaking generating

capability is dependent upon oil and natural gas- fuels. About
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3,350 megawatts of oil-fired baselo:d capacity could be converted

to pulverized coal fuel, if an adequatC coal supply could be

established. Houever, in view of the impact t1haL the current oil

shortage is having on the electric u:ility industry, it seems

prudent to make usc of nuclear powc: sources to the extent possible.

The discussion of alternatives to the Indian Point Unit 3

and associated transmission lines is considered adequate.

The Bureau of Power staff concurs with the conclusion that

new capacity such as that representeid by the 965-megavatt Inl'dia

Point Unit 3 is needed to meet the 2nroected load requirements and

provide reliability of bulk power suply in the power supply areas

involved.

Very truly yours,

Chief, Bureau of Poue/

STATE OF NEW YORK

DEIEARTMENT OF

ENVIRONwMENTAL CONSERVATION

ALBANYRONALD W. PEDERSEN

Decesber 17, 1973

Dear Sir:

The State of New York has completed its review of the "Draft
Environmental Statement Related to Operation of Indian Point
Nuclear Generating Plant Unit No. 3", (Docket No. 50-286).
The statement was prepared by the Commission's Directorate of
Licensing and issued in October 1973.

In preparing the attached comments, we have taken into consid-
eration the views of all appropriate State agencies including
the New York State Atomic Energy Council and the Office of
Parks and Recreation. Many of the comments are quite detailed
and directed to very specific points in.the draft environmental
statement with the intent of clarifying and improving the
Comsission's final environmental statement. While we have many
consents on this statement, itis felt the draft environmental
statement is an exceptionally well prepared document.

The Staff conclusion requiring a closed-cycle cooling system on
Unit 3 is similar to the Staff position on Indian Point Unit
No. 2, which was upheld in the decision of the Atomic Safety
and Licensing Board. Since the combined environmental impact
due to the operation of Units 1, 2, and 3 cannot be fully
assessed at this time, and since the cost of a closed-cycle
cooling system retrofit on the Indian Point Units is very ex-
pensive, it is felt that the Commission Staff conclusions are
appropriate, but should be modified to provide that whenever
Con Edison believes it has accumulated information which can
demonstrate that the operation of Unit No. 3 in conjunction with
Units I and 2 will not result in an unacceptable, long-term
irreparable damage to aquatic biota, or contravene the water
quality standards of the State of New York, the applicant should
be allowed to seek appropriate modification to the operating
license.
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Particular attention should be devoted to our specific comments
concerning seismology and geology. It appears that the most
recently available information has not been utilized.

Thank you for providing the State with the opportunity to comment
on this environmental statement.

Sincerely,

Enclosure

United States Atomic Energy
Commission

Washington, D. C. 20545

Attention: Deputy Director for
Reactor Projects,

Directorate of Licensing

COMMENTS OF THE STATE OF NEW YORK ON THE U. S. ATOMIC ENERGY COMMISSION
"DRAFT ENVIRONMENTAL STATEMENT RELATED TO THE OPERATION OF INDIAN POINT
NUCLEAR GENERATING PLANT UNIT NO. 3.: (DOCKET 50-286)

1. General Conment - In the proceedings for a construction permit for Nine Mile

Point Unit No. 2, the Commission has recently ordered the Atomic Safety and

Licensing Board (ASLB) to consider the conservation of energy.

It is therefore appropriate to include a thorough discussion of the conservation

of energy in the Final Environmental Statement for the Indian Point Unit No. 3.

2. General Comment - The Commission staff should consider alternate use of the

rejected heat from plant operation. In this time of energy crises, the wasteful

disposal of heat which could be used for heating homes and businesses, used in

the production of food, etc., does not appear to meet those goals of NEPA presented

in the FOREWARD.

3. General Comment - Appropriate meteorological and climatological data (Section II.E.4)

have been compiled and presented for the environmental impact evaluation. These

data have been compiled over several years since Indian Point Unit No. 1 was first

planned. However, the continuous maintenance and compilation of data has not been

.as conscientious as it should have been and so, there are gaps in the data. It is to

be noted that updating of the meteorological observation program is planned for

subsequent detailed evaluation of cooling tower impact.

The diffusion analysis techniques used are in accordance with conservative

procedures established by the U. S. AEC.

4. General Comment - The evaluation of impact on climate (SectiorsV.B.l & 2) is based

on once-through cooling and hence is limited to the potential formation of fog on the

warm water surface and shoreline.

The evaluation of impact on air quality (non-radioactive) addresses the appropriate

control agency standards of ambient concentrations and emissions. However, it is not

clearly indicated that these standards are met when the superheater and all of the

boilers are operating.
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5. General Comment - The report mentions the effect on aquatic life due to the

heated water. There should be more discussion of the effects on aquatic life

when there is a shut down of a unit and the heated discharge is diminished or

completely stopped.

6. General Comment - The preliminary evaluations of the alternative heat

dissipation systems (Sections XI.C0.1 - 5) are appropriate and it is indicated that

further comprehensive evaluation of a preferred 'closed-cycle cooling system will

be conducted based upon current research programs by the AEC and a revised

environmental monitoring program to be conducted at Indian Point specifically

directed toward this evaluation.

7. General Comment - Inadequate information is given in the Draft Environmental

Statement to assess the noise impact that the operation of Unit 3 will have on the

adjacent community. To determine the effect on the adjacent community it is necessary

to compare predicted plant levels with existing ambient levels and criteria for

determining human response to noise.

Existing Ambient Levels

An adequate sampling of existing ambient sound levels must be obtained for all areas

of potential impact. Such a sampling should consider daily, weekly and seasonal

variations. The ambient noise survey referenced in the Draft Environmental Statement

reports statistical sound level data obtained on twowinter weekdays at six locations.

Predicted Plant Levels

Since the proposed license may require eventual conversion to closed cycle cooling,

predicted plant levels should be developed not only for Unit 3 with once-through cooling

but for the proposed alternate cooling methods as well. Predictions should consider

directionality of the source due to plant layout, and abnormal aound propagation due

to terrain, prevailing winds in the river valley, and due to other atmospheric

conditions since there is a "high probability of inversions occurring" (page V-5).

The Draft Environmental Statement reports simply that "no significant additional noise

levels will be created by operation of Unit No. 3 along with the other two units"

-3-

(page V-3): no sound levels are given for Unit 3 with once-through cooling.

Sound levels are reported for two alternate cooling methods; 50dBA at 2500 feet

for natural-draft wet cooling towers, and 50dBA at 5000 feet for mechanical-draft

wet cooling towers. Inadequate attention is given to directionality of the source

and abnormal sound propagation.

Transmission Line Noise

Since the operation of the Indian Point Stations will necessitate "upgrading of

transmission facilities" (page IV-3), specifically, increasing some transmission line

voltage from 138KV to 345KV, an analysis of noise and other environmental-effects

of the higher voltage line should be included in the Environmental Statement.

Human Response to Noise

Since the Statement recommends comparison with HUD criteria, the appropriate form for

presenting information on human response to Indian Point Unit 3 noise is a series of

contours delineating the areas which are unacceptable, normally unacceptable,

normally acceptable, and acceptable. The study referenced by the Draft Environmental

Statement gives only the total area within the normally unacceptable contour, and the

number of residents presently living within that area.

8. Page i Summary and Conclusions -

What is meant by the following statement on Page i: "The proposed action will be

interrelated to other actions taken by-other Federal agencies such as the Environmental

Protection Agency in regard to granting or denying application for discharge permits

by the New York State for the other power plants on the Hudson River."

9. Page ii Summary and Conclusions -

Estimated dates for completion of the 80-acre forested park, completion of

the new visitors center, transfer of 14 acres to Village .of Buchanan, and development

of the marina should be stated. Also, the present status of these lands should be

discussed.
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10. Page iii Summary and Conclusions 3.f. - Since the Federal licensing is complete

for the proposed Cornwall Pumped Storage Plant, the environmental effects from

operation of the Cornwall plant must be included with those of Danskammer, Roseton,

Lovett, and Bowline and Indian Point to ascertain the synergistic effects that power

plants have on the Hudson River in this area.

11. Page viii Summary and Conclusions, 5. - Since the action to be taken is administrative,

consideration should be given to other administrative alternatives, such as, issuance

of a provisional operating license instead of a full-term license.

12. Page 1-8 - Future Environmental Approvals - It is stated that discussions are underway

for obtaining a 401 certification pursuant to the Federal Water Pollution Control Act

Amendments of 1972. A 401 certification was issued by the N.Y.S. Dept. of

Environmental Conservation on September 24, 1973 for full power operation of Unit 2.

13. Page I-10 - The description of the composition and functions of the Hudson River

Policy Committee is in error. Connecticut has not, been a member of the. Conmnitee

for several years. The Technical Committee is a subordinate committee created by and

serving at the pleasure of the Policy Committee. The Policy Committee does not serve

as a Study Steering Committee for the Indian Point work. The Committee does not

outline ecological studies and present its conclusions and recommendations to Con. Edisoi

The Committte does review proposed work as presented to it by the Company and advises

as to its "quality and importance to providing information on fisheries impact"

(P. 3 of A.C. Hall's' letterJan. 11, 1973).

14. Page 11-3, Section Ii, The Site, - It is noted that the applicant plans to build a

new visitor's center near Unit No. 1 and to maintain an 80 acre forested area and lake

for recreation in the northern portion of the site. This statement should be expanded

to note when the applicant proposes to initiate action to accomplish this intent, and

when the facilities are projected to be available for public use.

15. Page 11-5. Regional Demography and Land Use - The Stewart Air Force Base has been

decommissioned and the bulk of the facility transferred to the Metropolitan Transit

Authority and is now known as the Stewart Airport.

-5-

16. Page 11-15. Section II. E.3 - Certain aspects of the discussion on geology and

seismology are inadequate. The 1971 New York State Geology Map was not used in

preparation of this draft environmental statement. This map is the most recent

presentation of geologic formations of the area. It shows large significant

faults near the Indian Point Site.

The details of the drilling logs by Paige and Fluhr are not shown. In the absence

of such information it must be assumed that sound geotechnical data is not available.

The Fluhr and Paige analyses appear in conflict with that in Section 2d7 of the

applicantý Final Facility Description and Section II.E.3 of this draft environmental

statement regarding rock strength, grouting, and local changes in rock formation.

The discussions presented in this statement are in apparent contradiction of the

consultants recommendations.

In summary, the site geologic and seismologic investigations appear inadequate and

the Commission staff presentation concerning these topics is equally deficient. In

reviewing the applicants reports, the recently issued staff Safety Evaluation, and

this draft environmental statement, we notice there has been a lack of, or neglect of,

information.

It is recommended that the Commission staff reassess the geology and seismology:

1. Referring to an article in the bulletin of the Seismological Society of

America, Volume 58, No. 2, pages 681-687 published in April 1968 'and titled

"Seismology In the Vacinity of the Ramopo Fault, New York-New Jersey."

2. Referring to an article in the Journal of Geographical Research, Volume 788,

No. 5, February 1973, "Seismic Wave Attenuation and MagnitudeRelations for

Eastern North America."

3. Require rock stress analysis be performed at and near site (e.g. by means of

overcoring in deep.boreholes).

4. Require Re-examination and Detailed logging of all boreholes to determine

the depth extent of jointing, and possibly mapping of the joint patterns to

determine what stresses have been released.
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5. Establishing a quadrilateral system of surveyed points across the river

and across the Ramopo Fault to ascertain if there is any small movement.

17. Page II - 15. Section II. the Site - Under Geology and Geography it is noted that

the three reactors are built on a hard, dark grey, metamorphosed diomitic limestone.

It is recommended that this sentence be changed to read "the three reactor plants"

or "all structures" are built on a hard, dark grey, metamorphosed diomitic limestone.

The fourth sentence notes that the bedrock is more than capable of carrying any

load that will be placed on it at the site. This statement should be expanded to note

the approximate load which the bedrock will support and the actual load which is

imposed.

18. Page 11-16, Section II, The Site - The State has commented in the past on the Indian

Point site regarding the inadequacy of the geologic and seismologic investigations

conducted by the applicant. The State Geological Survey's position regarding the

content of the Geology and Geography section (Pages 11-15 and 11-16) of the Draft

Environmental Statement is that it is not adequate for evaluation purposes.. For

example, Paragraph 2 on Page 11-16 is essentially a quote from comment 13 provided

to the 'U. S. AEC by the New York State Department of Environmental Conservation on

June 1, 1972 relating to the Draft Environmental Statement for Indian Point Unit No. 2.

Although that statement of geology was quoted, the comments relating to additional

seismic and geologic investigations were apparently ignored. These, comments, which

still apply to the site and to Indian Point Unit No. 3, are reiterated as follows:

a. For power plant siting an investigation should be made involving a seismic

monitoring program with analyses of focal mechanisms to determine whether

the motions observed correlate both geographically and geometrically with

known faults. It can be anticipated that this kind of study will be required

for future site investigations and that more detailed geologic mapping will be

required.

b. The Environmental Statement should include detailed geologic investigations of

the entire region to fill in the gaps in existing data. The geologic reports

by T. W. Fluhr, P. E., and S. Paige by themselves are not considered to be

-'7-

sufficient for basing decisions on power plant siting in the region around

Indian Point.

In addition, no discussion of the seismology of the site and the area is included

in the Draft Environmental Statement. In Dr. W. R. Stratton's letter of May 16, 1973

to the Chairman of the U. S. AEC he indicated a need. for seismic hazard evaluation

in the Eastern USA. Thus, seismic data should be included in the Final Environmental

Statement for evaluation purposes.

19. Page 11-20 - The section describing the ecology of the site and the environs should

be expanded. Ecological parameters such as diversity indices, biomass, productivity

and indices of stability should be discussed. Such ecological parameters would aid

in assessing the effects of thermal and radiological discharges.

20. Page 11-20, Section II, The Site - The discussion under terrestrial ecology should

note that the applicant has stated that no rare or endangered species of plants or

animals were found during their site survey or their literature search regarding the

site area.

21. Page 11-29 - The section on background radiological characteristics states there

are no conspicuous natural sources. There are small areas to the north and northwest

within a 5 mile radius of the site where the maximum external radiatioid level

measured by New York State was 5 times normal background due'to natural radioactivity.

It may be well to identify these locations as they may be attributed to the operation

of the plant at some later date. An ARMS survey similar to those done for other

sites is recommended. The sources of radioactivity, such as cosmic radiation, that

comprises-the 125 millirems /yr measured dose rate should be identified.

22. Page 11-30, Background Radiological Characteristics - It is stated that the New York

State Department of Environmental Conservation has also carried out periodic checks

since 1958 on samples taken from various locations surrounding the site. This

statement should be revised to indicate that the monitoring program was conducted

by the New York State Department of Health until mid-1970, and thereafter by the

New York State Department of Environmental Conservation.
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23. Page 11-31 - Table 11-4 lists selected representative sample data from the

Radlological Environmental Monitoring Program taken in the area of Indian Point

Unit No. 1. It would be well to identify the dates of these data as Indian Point

Unit No. 1 operated during periods of high fallout and some of the activity

reported may be attributed to other than plant operation.

24. Page III-1, Section III, The Plan_ t - The second paragraph notes that cooling water

is.withdrawn from the Hudson River at a maximum rate of 840,000 GPM through pumps

at full capacity and at 30,000 GIPM for service water purposes. This Section should

be expanded to note the number of cooling water and the number of service water pumps

which are required and installed for this maximum flow. It should also be noted

that the cooling water pumps are two speed.

15. Page III-I, Section III.B - External Appearance - The Draft Environmental Statement

should discuss the external appearance of the transmission facilities associated with

the plant and their visual intrusion on the neighboring communities.

26. Page 111-5, Figure 111-2 - The service water pump should be labled, since it is

discussed in various paragraphs of Section I11.

27. Page 111-6. Section III. Intake System - It is stated that there is only one service

water pump for Unit No. 3. This section should discuss how service water is provided

to wash the traveling screens if the service water pump is out of commission.

28. Page 111-9, Section III.E.2 - Intake System - It should be stated whether the

traveling screens will be continually rotated or only periodically rotated. The velocity

of the water used to clean the traveling screens should be stated. Also, the draft

environmental statement should discuss the effects of severe weather conditions on the

operation of the intake system. For example, can the traveling screens be operated

during severe winter conditions or will they ice up? Also, when the traveling screens

remain idle in severe cold weather, can they be immediately operated or is

there a delay time due to ice buildup on the screens and drive mechanisms?

29.'Page 1 1-13, Section III, Discharge Structure - It is stated that ten of the twelve

installed exit gates will be manually adjusted to provide a discharge water velocity of

at least 10 FPS under any combination of units in operation and for different river
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conditions. A discussion should be included which describes how it is known

that adjustment of the gates results in an exit velocity of at least 10 FPS.

30. Page IV-4, Section IV, Impacts on Water Use - This section notes that air bubblers

to reduce fish impingement were required by New York State to be installed at the

intakes in front of the fixed screens for. Units No. 1 and 2, but that none are

presently at the Unit No. 3 intakes. It is felt that this section should be expanded

to note the general effectiveness of the air bubblers and whether or not it is

anticipated that they will be installed at the Unit No. 3 intakes.

31. Page V-1, Section V.A.I. - Aesthetics - The Commission's condition of operation of an.

alternate closed-cycle cooling system required of the applicant will impose a further

visual impact on the environs which should be considered.

32. Page V-3, Section VI.A. 3 - Noise - One of the most predominant sources of noise

at the site is the outdoor loud speaker system. Noise levels associated with this

system should be determined and once construction is complete, consideration should

be given to eliminating or minimizing use of this outdoor system.

33. Page V-3. Section V.A. 5 or Section V.B. 2 - Transmission Facilities - The

Environmental Protection Agency, on page 18 of its comments concerning the Draft

Environmental Statement relating to Indian Point Unit 2, suggested a discussion of

the production of ozone by the high-voltage transmission lines.

It is understood that research is being performed under contracts from the electrical

power industries and EPA to answer the ozone production question. A discussion

should be presented in this statement concerning ozone production and the results

of these studies to date. Also, the statement should contain a discussion of, or

references to, problems of induced electricity to structures in the vicinity of EHV
transmission lines.

34. Page V-6, Section V.B. 2 -Paragraph 4, indicatqs-the expected contribution to the envir'

mental concentrations from "the boilers of all three units". This seems to indicate

that the superheater is not included in this evaluation. If this is so, then the

evaluation is deficient. If the superheater is included, then the statement should

indicate this.
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35. Page V-6, Section V.B. 2, paragraph 6 - Quantitative evaluation compliance with

the emission standards is presented only for the superheater. The evaluation for

"total amounts of all non-radioactive emissions" should be presented quantitatively.

36. Page V-21, Table V-3 - Footnote (c) should indicate that the New York State

Department of Environmental Conservation is the agency requiring collection of all

chromium discharges.

37. Page V-28, Section V.C. 4 - Although the velocity of water entering the intake

structure may have a minimal effect on boating activities, the impact of the facilities

on the Hudson River fishery may have indirectly a greater effect on boating activities

on the Hudson River.

38. Page V-33. Sedtion V.D. 2.a. - If, with a similar intake design Units I and 2

necessitated the use of fixed fine screens at the intakes, it appears that at least

fixed fine mesh screens should have initially been designed for the Unit 3 intake.

39. Page V-36, Section V.D.2.a - The statement is made,"In summary, although the impingement

problem has existed at Indian. Point Unit No. 1 since operation began in 1962, some 10

years ago, the applicant still has neither determined the causative factors nor

elucidated any methodology that will establish the cause-and-effect relationships

controlling the impingement at Indian Point." It is felt that a methodology that will

establish the cause-and-effect relationships controliing the impingement at Indian

Point should be ascertained by the Commission staff and the studies incorporated in

the Environmental Technical Specifications for these plants.

40. Page V-52. 4th parAgraph - This statement may attribute a greater influence to

temperature as a factor in selecting spawning site than is justified when considering

other factors such as salinity.

41. Page V-55, Section V.D.:'Pc (3) - The report mentions the possibility of low dissolved

oxygen (D.Q) in the effluent plume. However, there is no discussion on the effect

to the D. 0. content in downstream waters. There have already been recorded in the

summer months some values of D. 0. at Verplanck less than the 4.5 ppm figure noted in

the report. The Department of Environmental Conservation maintains an automatic

-Il-

sampling station at Verplanck and a complete record of the data may be obtained.

The report mentions that aerators could be. used in the discharged cooling water to

alleviate low D. 0. The ability of water to hold oiygen diminishes as the t~mperatume

rises. It is also noted that the ability of water to hold oxygen also diminishes

as the concentration of chlorides increases. During the low flow sum~er months the

chloride concentration in the Hudson River at Indian Point would be at its peak.

Therefore, because of the high temperature and high chloride concentration expected,

the placing of an aerator in the heated water could have very little effect on D. 0.

content simply because the effluent water will not have the ability to hold any

additional oxygen.

42. Page V-65. Section V, Chemical Discharges - The last paragraph states that chromium

discharges will be collected and treated prior to any release in the river. This

statement should be expanded to note the concentration of chromium expected to be

discharged and the effect of the release on the aquatic biota of the river.

43. Page M-100, Section V, Liquid Wastes - This paragraph notes that if the radioactivity

exceeds a predetermined value, the discharge will be automatically stopped by a valve

on the discharge line and the liquid effluent will be recycled for further treatment.

It is felt that this statement should be expanded to note this predetermined value

and, in addition, note that there is an audible alarm (Environmental Report)

associated with the radioactivity approaching this predetermined value.

44. Page V-103, Section V. D.2.e - It is not clear why the Commission staff allow

programs in the Environmental Technical Specifications which are considered misleading,

at best. For example on P.V-102 it is stated that "The Environmental Technical

Specifications will detail the specific sub-programs";:while on P.V-103 it is stated

aboutaquatic research programs which are part of the Unit #2 Environmental

Technical Specifications:
"In effect,. the applicant has formulated his hypothesis

in a way that allows the applicant to derive benefit from

poor experimental design or careless execution of the

required sampling."

Page V-104, 2nd paragraph -We agree with AEC staff on the need to continue the
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the research program to show compliance with the Technical Specifications and to

monitor biological effects.

45. Page V-ITT, Figure 1-17 - It is not clear from the Figure whether the liquid

radioactive waste from the waste condensate tanks and from the blowdown treatment

equipment flows into a common header or each flows directly into the discharge

canal. In addition, the automatic stop valves discussed on Page V-100 should be

shown in each discharge line.

46. Page V-113, Section V, Steam Generator Blowdown - The last paragraph states that the

turbine building drains will be discharged to the discharge canal without treatment.

This statement should be expanded to note that these drains are not radioactive, and

to describe how non-radioactive pollutants such as lube oil are prevented from being

discharged to the river via the turbine building drains.

47. Page V-142, Transport of Solid Radioactive Wastes - The applicant estimates that

from 5 to 10 truckloads of waste will be shipped from Unit No. 3 annually. Using

these values as a basis, the U. S. AEC estimates that an average of 23 truckloads

will be shipped from Units Nos. 1, 2, and 3 each year. It is further noted, however,

that using present experience of operating reactors, the U. S. AEC estimates that

about 50 truckloads of waste will be shipped from Units Nos. 1, 2, and 3 each year.

It is not clear why the lesser figure (23 truckloads) alone is used in Section 2.C

(pages V-145 and V-146) and in Table V-17 "Summary of annual exposure..." (page V-147)

to estimate annual exposure of humans during the transport of radioactive waste.

48. Page V-142, Section V.F.b - It is stated under "Transport of Irradiated Fuel'\that

the applicant estimates"at most three fuel elements per cask" will be shipped.

The present shipping cask designs will only accept one pressurized water reactor

spent fuel element in a cask designed for shipping by truck. Therefore, the number of

truck shipments-would be 170 per year rather the 57 predicted by the staff.

49. Page V-143, Principles of Safety in Transport - This section states "The procedure

the carrier must follow in case of accidents include segregation of damaged and

leaking packages and the notification of the shipper and the DOT." It is not clear

-13-

whether "segregation" is meant tO imply physical handling of the damaged and

leaking packages, or simply having personnel avoid contact with the damaged

and leaking packages.

50. Page V-145, Irradiated Fuel - It is noted that, for combination truck-rail

shipments, the U. S. AEC staff estimates that during transfer of the cask from

the truck to the rail car, four men might work for an hour at an average distance

of 6 ft.., and might receive individual doses of approximately 10 mrem/hr.

Using 26 such shipments from all three units, the AEC has estimated a total dose

of 0.840 man-rem for the freight handlers. It appears that this total~dose figure

should be 1.040 man-rem.

51. Page VI-9, Severity of Postulated Transportation Accidents ý It is noted that an

extensive program has been carried out over the past several years by which

emergency personnel have been advised of procedures to follow in accidents

involving radioactive materials and other hazardous materials. New York State

concurs in the need for training of these emergency personnel. It is considered

that the significant details of this training program should be expanded upon in

'the Draft Environmental Statement, and that the plans for carrying out *this training

on a continuing basis should also be discussed.

52. Page VII-l, VII-5, etc., Section VIII - One of the adverse environmental effects

which cannot be avoided is noted to be the discharge of toxic amounts of residual

chlorine or chloramines to the Hudson River incident to prevention of fouling of the

circulating water system, and significantly the condenser tubes. It is recommended

that this section be expanded to include a discussion of why high pressure water

flushing and/or mechanical cleaning cannot be employed- to-prevent the cooling system

frombecoming fouled .

53. Page VII-2, 2nd paragraph - If the facility alone will have an adverse visual aspect;

the addition of two cooling towers will greatly compound this impact.

54. Page VIII - 3, 12 Line - We are not aware of any evidence to date by which to

evaluate the significance of.a reduction in other fish populations, such as white perch.
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55. Page VIII 3. Last Line - We agree that two years of post-operational experience

with once-through cooling will not be adequate to assess the long-term impacts

of this method.

56. Page X-16. Section X.H, Assessment of Predicted Demand - This Section should contain

a discussion of the effects of the present energy crisis on the Con Edison service

territory. The results of an effective national energy conservation program and

possible shifts from gasoline powered vehicles to electric powered modes of

transportation should also be included.

57. Page X-18. Section X.I,.Applicant's Ten-Year Plan - This Section should reference

the "1973 Report of Member Electric Corporations of New York Power Pool and the

Empire State Electric Energy Research Corporation pursuant to Article VIII, Section

149-B of the Public Service Law, August 1973." This report, although needing

improvement, is the most recent and comprehensive discussion of the State electric

corporations' long-range plans.

58. Page XI-I. Section XI.A.I.. Purchased Pc::..r - The power from the James A. FitzPatrick

Nuclear Power Plant will not be available f-r purchase until at least its initial

operation which will be mid-1974 at the earliest.

59. Page XI-17. Section XI.C.3c. - The staff should include a fourth alternative heat -

rejection combination of the Indian Point Units which would consider operating all

three units with a natural draft-cooling tower.

60. Page XI-18. Section XI.C.3.c.(l)(a) - An obvious location for disposal of the

overburden and spoil would be the quarry on the Verplanck Site.

61. page XI-18, Section CI.C.3.c.(l)(b) - The once *through cooling system as noted in

the Draft Environmental Statement may seriously impinge upon the natural production

of recreationally important fish. This could have a serious impact on the estimated

26,000 people fishing in the Lower Hudson Valley on the average summer Sunday.

Cooling towers however-, may have direct impacts on Bear Mountain State Park. The

towers would intrude visually into more than 1000 acres of the park.

-15-

An additional negative condition is the possible defoliation of Bear Mountain

and Hudson Highlands State Park by the saline spray from wet cooling towers.

The report by the Directorate of Licensing of the United States Atomic Energy

Com•mission fails to account for the effect of the prevailing southerly winds

on the distribution of the spray from the cooling towers.

The Hudson Valley is unique in that a tongue of forest types indigenous to the

South intrude northward. These forest types are particularly susceptible to salt

damage.

Further studies should be undertaken to determine the impact of wet cooling towers

in this regard.

62. Page XI-23, Section XI, Mechanical Draft Towers,- The second paragraph notes that

in the staff's opinion the deposition of approximately 2.025 LBS/acre per year of

drift salts from mechanical-draft cooling towers at Indian Point will have a

negligible impact upon ground water supplies. The basis for the staff's opinion

should be provided, particularly since the second paragraph on Page XI-29 notes

that the wells in the area are relatively shallow.

63. Page XI-44 - We agree with staff assessment of the proposal to mitigate damages

through stocking.

64. Page XI-51, Section XI, Alternative Fish Protection Measures - In the second

paragraph, 0.5 ppm should be corrected to read 0.5 FPS - (editorial).

65. Page KI-53, Section Xt.H.l. - Justification should be given for the "conservatively

estimated" 15% annual forced outage rate in view of Con Edison's past forced outage

rates for Indian Point Units land2.

66. Page B-12. 3rd paragraph - This is not the most comprehensive data available on

spawning actibity; extensive collections were made in 1973.

67. Appendix C - Radiation Effects on Aquatic Biota should be expanded to take-into

account the low dilution expected with the operation of cooling towers.
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DETAILED COMMENTS BY THE ATTORNEY

GENERAL ON THE

DRAFT ENVIRONMENTAL STATEMENT BY

THE DIRECTORATE OF LICENSING

UNITED STATES ATOMIC ENERGY COM-

MISSION RELATED TO OPERATION OF

INDIAN POINT NUCLEAR GENERATING

PLANT UNIT NO. 3 FOR

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.

Docket No. 50-286

December 17, 1973

I. General Comments

A. Introduction

In the past few years, Congress has enacted the

National Environmental Policy Act of 1969, 42 USC

S 4321, the Clean Air Act Amendments of 1970, 42

USC 1857-18571, the Federal Water Pollution Con-

trol Act Amendments of 1972, 33 USC 1251-1376,

and several other important pieces of legislation

designed to preserve and protect the quality of

our natural environment. This recent awakening

was for the most part due to a realization that

our natural resources were being despoiled and

exhausted, and that the public interest required

an end to such destruction. The Atomic Energy

Commission, in its environmental statements and

.ultimately in its licensing decisions, must conform

to the mandate of these laws.

In general, the State of New York agrees with

the recommendations and conclusions of the Staff

as contained in its Draft Environmental Statement.

The Staff recognized that operation of Indian Point 3

with once-through-cooling would cause unacceptable

levels of mortality of aquatic organisms through

impingement, entrainment, and thermal pollution

-1-
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(summarized in DES V-105-108). Almost identical

calculations of the effects of Indian Point 2

prompted the Atomic Safety & Licensing Board to

order Consolidated Edison to install a cooling

tower for that facility. Thus, except for the

specific comments contained herein, the State of

New York supports the recommendations and con-

clusions of the Staff's Statement.

B. The Limitations of Modeling

The Staff and the Applicant have attempted to

determine the behavior and abundance of organisms

in the Hudson River and to predict the adverse

effects that the plants' intrusion will have on

the Hudson River ecosystem.

The problem with the Staff's modeling approach

is that it is limited to predicting only the direct

effects of nuclear power plant operation on aquatic

biota in the Hudson ecosystem. As for the indirect

adverse effects, the models offer little imfor-

mation. The long-term effects of temperature changes,

possible shifts in the demographic patterns of the

estuary,the effects on one organism resulting from

the decimation of other organisms, are examples of

-2-

unquantifiable indirect effects. Very little

data exists on the indirect° effects, and because.

of the necessity for measuring the nature of these

effects over the long-term, it would be impossible

to calculate them in the time available. Moreover,

if long-term studies were undertaken, there would

still be unpredictable effects due to the limitations

of our present knowledge.

Because of the impossibility of measuring all of

the possible indirect adverse effects that this

huge project may have upon the Hudson ecosystem,

the Attorney General urges the Staff to recognize

the limits of its ability to predict the totality

of environmental damage through modeling and to

point out in its FES that any model predictions of

adverse environmental inpact from Indian Point 3

must of necessity be underestimations.

II. Comments on AEC Staff Analysis of Multi-Plant Impact

A. Introduction

The Attorney General supports the inclusion of

the multi-plant analysis in the Indian Point 3 DES.

However, we believe that the analysis was imcomplete

in that it ignored many existing facilities which

affect the Hudson River ecosystem. More important

-3-
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still was the Staff's exclusion of the effects

of future facilities on the Hudson which will

be operating during the life-span of Indian Point 3.

The applicant opposed consideration of the multi-

plant analysis for Indian Point 3 as late as

March of 1973, although its consultant Dr. Lawler

thought it important to consider the effects of

the Lovett and Danskammer plants in his October 30,

1972 testimony (Page 3) "Effect of Entrainment and

Impingement, etc." concerning Indian Point 2.

This mode of analysis was later expanded by the

Indian Point 2 Licensing Board (TR 10010-10023) to

include the Bowline and Roseton power plants, both

of which were in the process of construction at'

that time. Multi-plant analysis is necessary, as

Dr. Lawler states, "to develop an analytical means

to evaluate the potential for direct loss from

both 'entrainment and impingement of eggs, larvae,

and juveniles, and also the potential impact of

that loss on the adult population of striped bass

in the river." (ibid. 2)

in the Indian Point 2 proceedings a mathematical

model was developed to predict "...quantitatively

the 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" (ibid., 76). On

the basis of these simulations of reality,

decisions could then be made about the one

modifiable parameter, power plant operations.

The Staff's report fails to account for the

effects upon the estuary of Con Edison's Corn-

wall Pumped Storage Project (Storm King)'recently

licensed by the FPC and under construction some 13

miles upstream from Indian Point 3. The Storm

King project is a prime example of how the Staff's

multi-plant analysis should be augmented to include

other industrial and municipal facilities that' will

be operational during the useful life of Indian

Point 3. Moreover, enough data already exists on

the estuarine effects of Storm King to allow the

Attorney General to provide an example of how the

multi-plant analysis can be expanded. The following

discussion points up the severity of Storm King's

impact on those same species that will be adversely

affected by operations at Indian Point 3. The

impact from Indian Point 3's once-through-cooling

system will obviously be rendered even more severe

if the Hudson.River fisheries are being decimated

by other sources.

-4- -5-

1-30



B. Description of the Storm King Plant

The applicant's pumped-storage generating plant

at Storm King will withdraw from and return to

the Hudson approximately 3.4 billion cubic feet

of water per week, or four times more water than

Indian Point's three power plants combined. At

least 24 billion BTU/day will be discharged into

the water while it is passing through the Storm

King plant. Pressure within the system may vary

between 30 and 560 psi, most of the change occurring

at the turbine. Passage of organisms through the

system will result in substantial mortality since

no safeguards against impingement or entrainment

have yet been specified for the Storm King facility.

C. Impingement at Storm King

Although no intake screening at Storm King has

as yet been specified, it can be assumed that num-

bers of juvenile fish of various species will be

impinged on whatever devices are utilized. If no

sureens are used, mortality will occur in the

transportation of fish up to the reservoir and

back down to the river.

-One task for the Staff is to describe and quantify

the mortality that Storm King will cause to juvenile

fish. The Staff can use impingement data from the

Danskammer and Indian Point plants as guides for

Storm King. Account must be taken of Storm

King's intake portals which are adjacent to shoal

areas in Newburgh Bay, areas which the applicant

claims are attractive to juveniles. The resultant

impingement figures for Storm King should be com-

pared to standing crop estimates for species in

that section of the river and factored into the

multi-plant model of effects on striped bass and

white perch. This will result in a reasonable

prediction of fish available for impingement at

Indian Point 3.

D. Entrainment at Storm King

Withdrawal of river water at Storm .King will carry

vast numbers of fish eggs and larvae, and other

forms of aquatic biota, through the system. The tur-

bulence and pressure changes should result in sub-

stantial mortalities for each age group of aquatic.

species. The Staff should attempt to quantify the

level of mortality in the light of its discussion in

the DES (V-42-66) succinctly stated at V-53: "It is

quite possible that pressure changes may be a more

important factor than temperature."

-7-
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Of special interest here is the Carlson-McCann

Report (HRFI) prepared in 1969 in reference to

striped bass eggs, larvae, and young of the year.

This report indicates that on a seasonal basis

12.2% (page 43) of the striped bass larvae and 4%

(page 41) of the striped bass eggs in the Cornwall

segment of the Hudson will be withdrawn daily. On

the basis of this report the operation of the pro-

ject in only two weeks will withdraw over 80% of

the larvae and 40% of the eggs present in the seg-

ment. -Similar effects can be predicted for other

species.

The Staff should consider these data in the

Hudson River striped bass model presented for

Indian Point 3. If a significant mortality occurs

upstream from. Indian Point 3, the additional effects

of Indian Point 3 must be considered even more

unacceptable than indicated in the DES.

E. Thermal Effects at Storm King

The operation of the Storm King project will

consume 3 kws of electricity for pumping while

producing only 2 kws during generation. Most of

this energy difference is released as heat to the

-8-

water, about 24 billion BTU/day, raising the

temperature of the discharge 1.11i F. The Staff

should include these data in the multi-plant

thermal model, to arrive at a more reasonable

far-field thermal prediction.

Storm King should be given the same consideration-

as other power plants along the Hudson whose im-

pact has already been assessed by the Staff in

the DES. It would be irresponsible as well as

totally irrational for the Staff to blind itself

to the effects of one plant on the Hudson eco-

system while considering the effects of all other

plants on that same ecosystem.

-9-
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COMMENTS ON AEC STAFF ANALYSIS
OF THERMAL EFFECTS

A• Introduction

The flow regime and mixing characteristics of

the Hudson River at indian Point are extremely complex.

For example, during the twice-daily tidal floods, heated

water from the plant discharge will tend to flow upstream

with the tide. Since the tidal flow is more dense than

the fresh-water flow, the upstream flow occurs pre-

dominately in the lower layer of the river. Discharges

from the plant are principally in the upper-layer and

travel predominately downstream. Overall, a temperature
rise occurs upstream of the discharge canal, as well as

downstream, as shown in the attached Q.L.M. model (Fig. 1).

Similar patterns of temperature rises and downstream

temperature decay gradients must exist for all point

)sources of'thermal discharge in tidal mixing zones.

B. Federal and State Criteria

The Staff states (DES V-8, A-3) that the appli-

cant must meet New York State. Water Quality Criteria.

The applicable State Regulation, 6 NYCRR 704.1(b)(4),

defines those criteria in terms of 3 standards:

-i0-
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I. Surface temperature no hotter than 9 0 0F.

2. 50% of the cross-section including 1/3
of the surface no hotter than 40F above
the ambient (natural) temperature of the
estuary, or a maximum of 83°F, whichever is
less.

3. During July through September, if the
ambient surface temperature is more than
83°F, at no point in the passageway described
above shall the temperature be above 84.5*F.

The Staff's thermal analysis indicates that under

many conservative input conditions, the operation of

once-through cooling will contravene all three parts

of the State's Water Quality Thermal Criteria (DES,

A-14, 26). Moreover, even with a cooling tower at

Indian Point 2 (Alternative A) the resultant once-

through operation of Indian Point Units 1 and 3

will contravene Part 2 and 3 of the State criteria.

The Staff's predictions of thermal effects nee d

more adequate parametric tables. The intermediate

field thermal model was not discussed in terms of

the results of the far-field model. Similarly, no

connection was made between the results of the near-

field model and the results of the other two models.

Connecting these would form another set of parametric

tables far more meaningful than those presented.

-11-

For example, it would be useful to know what

effects on the near and intermediate-field models

would result from an 86*F. intake temperature as

indicated by the far-field model. The intermediate-

field model would then show that Parts 1 and 2 of

the State criteria would be violated (over 50% of

the cross-section will be raised 4'F. or more to at

least 900). Looking to the near-field model, it

would predict approximately a 6*F. rise in the sur-

face discharge plume or about 92°F. violating Part I

of the criteria.

Finally, as discussed below in section D,.this

massive heating of the estuary will be exacerbated by

ambient ocean temperatures which were under-estimated

by the Staff by at least 3*F.

C. The Staff's Model

The Staff, in assessing the probability of com-

pliance of Indian Point 3 with State criteria, used a

far-field model which includes most sources of heat of

artificial origin contributing to the river. The

sources in the staff's model included:

Danskammer Plant
Roseton Plant
Indian Point Plants 1, 2 and 3
Lovett Plant
Bowline Plant

-12-
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While this model did take into account the complex

mixing characteristics of a tidal estuary, it ne-

glected to take into account the many industrial

and municipal discharges that now exist or can be

foreseen to exist over the useful life of Indian

Point 3. Similarly, the thermal effects of anti-

cipated power plants on the Hudson River were also

left out. The projected Storm King pumped storage

plant, for example, would add 24 billion BTU/day to

the Hudson, 1/7 the heat of Indian Point 3 (See page

11). Some information on existing major discharges

can be found in the Q.L.M., "Hudson River Water Quality

and Waste Assimilation Capacity Study", (December, 1970).

These additional thermal imputs should be included in

an updated FES model.

D. The Staff's Far-Field Model

As in the striped bass recruitment model which

appeared in the FES for Indian Point 2, the Staff's

far-field thermal model suffers from incomplete pre-

sentation of supporting data upon which its conclusions

are based. Without this material, it is impossible to

recompute the predictions of the DES on pages A-21-25.

-13-

Secondly, there were no "ambient" temperature

curves included in figures A-4 through A-7 which would

connect the assumed ambient temperature of 80*F. with

the ocean temperature in the Battery. Such curves

were presented in the Indian Point 2 proceedings in

a "Preliminary Study . . ." by M. Siman-Tov, February 8,

1973, figs. 3-6. Without information on what the water

tempe.ature would be in the lower Hudson before the

addition of heat of artificial origin it is impossible

to predict the extent of non-compliance by the appli-

cant with State Thermal criteria, since the criteria is

based on an "artificially unheated" standard.

Thirdly, the Staff mistakenly assumed the average

water temperature of the ocean at the Battery to be

700F. The National Ocean Survey has tabulated the

surface temperature of the Battery since 1927. The

most recent long-term means between 1927 and 1971 at

that station are 71.40F. for July and 73.2 0 F. for August.

These figures are only means. Higher average temperatures

exist for individual weeks and for individual months

during hot, dry years. Additional information compiled

by the New York City Department of Water Resources, the

Annual Harbor Survey, indicates even higher average

temperatures during 1973. The model should be amended

to include such data on a time-dependent basis. A para-

metric study should then use the amended model with

-14-
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reference to various cool-wet years. and hot-dry years.

E. The "Ambient" Temperature Profile

Only after the predicted temperature profiles for

the lower Hudson River are calculated can the natural

temperature of the river be calculated. This task

is impossible at the present with the absence of an

"ambient" temperature profile in the DES.

Without an accurate far-fieldmodel prediction

of the intake water temperature, verification of the

plant's compliance with State thermal criteria is

impossible. There is no place on the Hudson where

a true "ambient," relative to Indian Point, can be

physically measured. All temperature measurements

above and below Indian Point will be "polluted" with

heat from other sources in the process of decay. (See

Figure 1).

Incidentally, physical on-site monitoring of

thezmal pollution is impossible. One classical means

of measuring heat discharge employs infra-red aerial

monitoring. However, this will only compare the dis-

charge plume to the already elevated intake temperature.

Actual temperature readings of the Hudson would both be

impractical and inaccurate. Simultaneous readings of

the river temperature from its source to its mouth, on

lateral and verticle cross-sections, is totally unfeasible.

-15-

Moreover, even if such were possible, present thermal

discharges would make the data worthless as an "ambient"

temperature guide.

F. Thermal Effects.on Biota

The biological effect of waste heat discharge on

the various organisms of the Hudson estuary was con-

sidered by the Staff at XI-38 and V-49 - V-53. The

presentation inadequately considered the preferential

and lethal temperature of various species of aquatic

biota. The staff should refer to studies such as the

Gift-Westman Study, "Responses of Some Estuarine

Fishes to Increasing Thermal Gradients" June, 1971,

and recent data by Dr. R.E. Loveland on the thermal

responses of benthic organisms in Barnegat Bay. The

DES also failed to consider the effects of thermal pol-

lution in its cost-benefit analysis. Some attempt..

was made to consider the magnitude of the thermal problem

at V-52. 'This metiod should be expanded to quantify

some negative value for this additional source of adverse

environmental impact.

Despite the shortcomings outlined above, we want

to thank the Staff for the outstanding work that they

have done in preparing this draft statement. The

Attorney General is of the same opinion as the Staff that

a closed-cycle cooling system must be installed at Indian

.Point 3 as soon as possible in order to protect the

Hudson River biota from serious adverse harm.

-16-
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COMMENTS ON DRAFT ENVIRONMENTAL

STATEMENT BY HUDSON RIVER FISHERMEN'S
ASSOCIATION AND SAVE OUR STRIPERS

Gentlemen:

On behalf of the Hudson River Fishermen's Associa-
tion and the Save-Our-Stripers I enclose a memorandum of
comments on the Draft Environmental Statement prepared
by the regulatory staff of the Atomic Energy Commission
with respect to Indian Point Unit No. 3, Docket No.
50-286, application of Consolidated Edison Co.

These comments have been in preparation for some
time but because of technical difficulties in our
offices here we have only been able to mail them out
today. We respectfully ask that you give them appropriate
consideration.

d2-"::';"

Very truly yours,

* 
\

Nicholas A. Robinson
Attorney for the HRFA
and SOS

Preliminary Statement

This memorandum of comments is submitted to the

U.S. Atomic Energy Commission, Directorate of Licensing,

pursuant to notice published on October 23, 1973, 38

(No. 203) FEDERAL REGISTER 29243, so that the issues

treated herein may be fully considered in the preparation

of the Final Environmental Statement to be issued by the

A.E.C. under the National Environmental Policy Act of 1969

("NEPA"), 42 USC 4321 and the A.E.C.'s regulations in

Appendix D, 10 C.F.R. Part 50.

These comments concern the "Draft Environmental

Statement by the Directorate of Licensing, United States

Atomic Energy Commission, in relation to.operation of

Indian Point Nuclear Generating Plant Unit No. 3"["DES"]

dated October 1973 and released October 16, 1973 for the

NAR: sl
Encl.
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A.E.C. by George W. Knighton, Chief, Environmental Projects

Branch il, A.E.C. Directorate of Licensing.

The Hudson River Fishermen's Association ("HRFA") and

Save Our Stripers ("SOS") are parties in the above captioned

matter brought on by the Consolidated Edison Company of New

York, Inc. ("Con Edison" or "Con Ed") involving Indian

Point Nuclear Generating Plant, Unit No. 3 ("I;P.3").

HRFA and SOS petitioned for and were given leave to inter-

vene by Order of the Atomic Safety and Licensing Board.

HRFA and SOS are interested in preserving the aquatic

resources of the Hudson River, especially the striped bass

and other fish. These interests prompt both groups to

press the following concerns in connection with the DES:

A. Every possible and practical measure must be taken

to protect the Hudson's aquatic resources as conditions

precedent to Con Edison operating I.P.3.

1. Unless new techniques are found to reduce

impingement of young-of-the-year fish at the intake screens,

Con Ed must reduce operations to avoid fish kills.

2. To avoid massive destruction of phyto-

plankton, zooplankton and eggs and larvae of many fishes

from entrainment in Con Ed's proposed once through cooling

systems, assuming use of natural draft cooling towers a

closed cycle cooling system must be installed for I.P.3

by May 1, 1977 or as soon as possible, and an operating

permit should be delayed until such towers are operational,.

3. Alternatively, to minimize irreversible ad-

verse impact between such time as an operating permit is

granted and cooling towers are operational, Con Edison should

be required to-restrict I.P.3 operations during the critical

spring spawning-period. Such restrictions could include com-

pensating for reduced operation by I.P.3 by (1) electricity

use conservation and (2) securing alternative sources of

electrical power.

B. These measures are required because of the substan-

tial injury which once-through cooling will cause to the

Hudson's acquatic resources.

1. The impingement and entrainment figures given

to date are minimal and support the requirements for both

cooling towers and restricted operations.

2. The commercial and recreational sport fishing

economies of the Hudson River, the Atlantic coastal region

and Long Island must be protected against the irreversible

losses which unconditional operation of I.P.3 would cause.

3. The Hudson River is a priceless natural

resource, a productive breeding area for resident fish

species and migratory oceanic species such as striped

bass, shad and herring. The unique value of this resource

must be fully protected for present and future generations

in our country.
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I. Impingement Damage Must
Be Curbed

A. Complete assessment of the environmental

impact of I.P.3 requires examination of Con Ed's Cornwall

(Storm King Mountain) proposed pump storage generating

plant as well as all other major water uses near I.P.3.

5. The cumulative impact of I.P.3 over Indian

Point Unit No. 2 ("I.P.2".) justifies natural draft cooling

towers for I.P.3 on the same facts as I.P.2.

While the DES gives these issues careful and perceptive

attention, nonetheless the DES fails to examine adequately

all aspects. Before the final environmental statement is

released, more comprehensive analysis must be set forth

concerning (i) impingement and means to minimize adverse

impact, (ii) need for cooling towers, including Cornwall

(Storm Ring Mountain) influence, (iii) construction time

for cooling towers, (iv) reduced operation before cooling

towers :are operational, and (v) cost/benefit justification

for cooling towers, reduced operation and other measures to

conserve and preserve the Hudson's aquatic resources.

HRFA and SOS will comment on the DES with respect to

each of these five issues here.

At the outset HRFA and SOS stress that the DES is

largely a very competent and thorough document. It is far

superior to the draft environmental statement issued for

I.P.2, and it has taken into account the extensive expert

evaluation which the I.P.2 licening proceedings produced.

The A.E.C. Regulatory Staff is to be commended for its

work and its recommendation requiring a closed cycle cooling

system for I.P.3.

The DES properly establishes impingement as.a majo3

potential problem involving substantial fish kills for

I.P.3 based on the experience with Indian Point Unit 1

("I.P.l"), (pp. V-29-37). The DES acknowledges that

"the precise cause of the impingement problem is not

completely understood." (p.V-31).

While the New York State Department of Environmental

Conservation has required Con Ed to recirculate 60% of its

flow when ambient water temperatures are 400 F. or lower

for I.P.I and I.P. 2 (p. V-33) and although Con Ed has air

bubble screen devices in operation (p. V-29), it is not

clear that any measures will in fact eliminate impingement

fish kills. Con Ed's Fish Advisory Board (p. V-36) does

not appear to have offered any solutions.

Indeed *air bubble screens have not proven effective.

See W.A. Maxwell, "Fish Diversion For, Electrical Generating

Station Cooling Systems," N.U.S. Corp. S.N.E.-123 (1973);

J.R. Clark, "Electric Power Plants In The Coastal Zone:

Environmental Issues" at V-2, V-7 and V-54 (American

Littoral Society and Striped Bass Fund 1973). Moreover,

Con-Ed's Fish Advisory Board (p. V-36) does not appear

to have offered any solutions.

The impingement problem is over a decade old since it

began with I.P.l. Con Ed has shown an inability to cope

with this problem.,

1-1
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The FES must set forth the possible parameter of

losses from impingement for white perch, striped bass and

other fish. It must estimate both the short term and

long range environmental impact from impingement..

The DES recommendation that Con Ed submit a plan

including "means of reducing . . . impingement on the in-

take structures" by July 1, 1974, appears unrealistic.

(p. XI-74). Con Ed has no plan. The FES should independ-

ently explore impingement and make recommendations. NEPA

requires nothing less. Such analysis by the AEC Regulatory

Staff is necessary to consider environmental impact "to

th3 fullest extent possible," as required.

Among the aspects of impingement requiring discussion

is the effect of a common intake structure and different

means of design to minimize intake velocities. Avoidance

devices employing light, sound or electrical techniques

and guidance devices such as louvers must be scrutinized.

Traveling screens and lift baskets must be analyzed. The

effect of a previous rock dyke in front of intake structures

must also be studied. Since Con Edison has indicated that

it is exploring these techniques, so should the Regulatory

Staff. See "Applicant's Responses to Interrogatories

from Hudson River Fishermen's Association and Save Our

Stripers" at 66-68 (Nov. 30, 1973).

The reduced flow and protection against impingement

which cooling towers afford (p. XI-30) should be further

examined as well in light of the analysis of other impinge-

ment-avoidance techniques. Reduced winter intake should be

explored also. A cooling water intake flow velocity of .5

feet/second (1/3 m.p.h.) has been recommended as the most

appropriate standard for open cycle cooling systems in order

to minimize intake fishkills. See J.R. Clark, su2ra (1973)

at p. VIII-2.
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II. Cooling Towers Are Needed
At I.P.3.

A. The Incremental Adverse Impact on Fish from I.P.3:

Requires Cooling Towers.

Closed-cycle cooling has been mandated for I.P.2. In the DES,

the AEC Staff concludes that the same must be required for I.P.3.

This requirement in the DES is not only consistent but crucial if

the aquatic resources of the Hudson are to be preserved.

The impact from operation of I.P. 1 and I.P.3 with once-through

cooling is slightly greater than that estimated for I.P.1 and 2

operating with once-through cooling. (p. XI-46.) The reasons for

mandating closed-cycle cooling at I.P.2, therefore, provide carmensur-

ately greater cause for mandating closed-cycle cooling for I.P.3.

If I.P.1 and I.P.3 are both'allowed to operate with

once-through cooling, while only I.P.2 has closed-cycle

cooling, there will be an estimated annual loss of 1.6 million

fish from impingement; an estimated reduction of 15 to 44 per-

cent in striped bass juveniles due to entrainment; the possi-

bility of detrimental effects fromwaste heat, reduced oxygen

levels and chlorine; the probability that the combined effects

of impingement and entrainment over several years would sub-

stantially decrease the populations of other fish species.

(p. XI-46.) By making a comparison of these predictions with

those where I.P.3, as well as I.P.2, operates with cooling

towers - either mechanical or natural draft - one can easily

see the substantial incremental impact I.P. 3 will have unless

cooling towers are required.

If I.P. 2 and I.P. 3 both operate with cooling towers,

there will be an estimated annual loss of .6 million (vs. 1.6

million) fish from impingement; an estimated reduction of

6 to 21 percent in striped bass juveniles due to entrainment

(vs. 15 to 44 percent); a high potential for a much greater

reduction of detrimental effects from waste heat, reduced

dissolved-oxygen levels and chlorine; a sizeable reduction

in the probability that the combined effects of impingement

and entrainment over several years would substantially decrease

the striped bass fishery and a parallel reduction-in similar

effects that would possibly cause a substantial decrease in

the populations of other fish species. (pp. XI-46, XY-47.)

The Staff's analysis clearly shows that unless closed-

cycle cooling is required, the complex estuarine environment

of the Hudson River will be severely impacted from long-term

operation of I.P.3. It is therefore essential that operation

of the plant guarantee an acceptable limit to the environmental

costs by installation of a closed-cycle cooling system.

B. Cornwall (Storm King Mountain) Must be Reviewed in order to under-

stand the impact I.P.3 will have.

The complete assessment of the enviro-nsental impact of I.P.3

requires an examination of the impact of the Cornwall pumped

storage project ("Storm King") as well as of the other

11-2
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power plants already located in the Hudson River. In order

to accurately portray the environment in which I.P.3 will

be operating, the AEC must look to the present and reasonably

foreseeable effects on the estuary which are being or will

be caused by other installations. Any other course fails

to analyze I.P.3's impact on the environment as it is or will

be.

The DES has predicted the impact of other installations

on the Hudson River aquatic life, but states only that the

operating of Storm King, which is expected to be operating

by 1979, "would substantially increase these predictions."

(pp. V-48, V749.) No further analysis is given, nor is any

attempt made to quantify the impact.

Storm King has been licensed by the FPC and, as the

DES recognizes, is scheduled to begin operation in 1979.

During the hours it is in operation, it will withdraw from

the Hudson River more than twice as much water as I.P.1

and 2 com
6

ined. Predictions have been made by the AEC Staff

and others that the plant might well withdraw something in

the range of 30 to 40 percent of all the striped bass larvae

in the Hudson River. Goodyear at I.P.2 hearings, Tr. 9324-30;

Affidavit of John Clark in Support of HRFA Petition to FPC

for Hearing and for Order Modifying Operation of Pumped

Storage Project, February 7, 1973, at p.4; Affidavit of

Dr. Charles Hall in Support of Scenic Hudson Preservation

Conference Petition to FPC to Reopen and for Further Hearings

in the Storm King Proceeding, March 21, 1973 at p.5. In

addition, Hall predicted that mortality of at least 50 per-

cent of those eggs and larvae withdrawn would not be unlikely.

Hall Affidavit at p.
6 . Such reductions in striped bass

juveniles flowing from operation of Storm King make installa-

tion of closed-cycle cooling at I.P.3 all the more imperative,

since its operation with once-through cooling would further

reduce the striped bass fishery and could result in its

demise altogether.

The likelihood that Storm King will have a substantial

adverse impact on the Hudson River fishery is supported by

the AEC Staff's recent revelation that the 2.8 percent with-

drawal rate which was predicted by the "Hudson River Fisheries

Investigation 1965-1968" (Carlson-McCanfi Report) and used by

the FPC in drawing its conclusion of minimal plant impact

when it issued the license for Storm King, represents not an

annual withdrawal rate as was previously thought, but a daily

withdrawal rate. AEC Staff at ORNL, Storm King Analysis

Requested of Senator A. Ribicoff, December 3, 1973.

Inclusion in the FES of an analysis of the impact Storm

King is likely to have on the striped bass fishery should be

facilitated by the fact that the AEC has agreed to do a 6 month

study of just this for Senator Ribicoff. See Letter of Dr.

Dixie Lee Ray to Senator Ribicoff, October 31, 1973.

11-3
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III. Construction Time for.Cooling Towers
Must be Advanced

The DES would recommend permitting use of a once-

through cooling system until May 1, 1978 (p. XI-72). This

period of time is excessive given the current state of the

art for closed cycle cooling systems by natural draft

cooling towers.

The DES fails to show why such a long period is re-

quired. The system should be mandated for completion by

May 1, 1977, assuming an operating permit may be granted by

the end of 1974 with natural draft cooling towers required.

The Con Ed construction time estimates must be scrutin-

ized independently by the A.E.C. Regulatory Staff and dis-

cussed in the FES. The design time needed should largely

be satisfied by Con Ed's preparations in connection with

I.P.2, and actual construction should substantially overlap.

A rigorous and tight construction schedule for cool-

ing towers must be required. Con Edison should not build

in a cushion at the expense of the fish. Con Ed's poor

record of construction efficiency should be a basis for

a strict construction deadline, not an extensive one.

The DES should explore further the time periods

within which Con Edison could provide cooling towers. Such

cooling towers are required for I.P. 2, the question of

economics of time and expense in constructing both unit's

closed cycle cooling systems must be discussed.

111-2,
111-1
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IV Reduced Operation is Necessary
Each Spring at I.P.3

In order to protect the spawning in the area of

I.P.3, as a minimal requirement until a closed cycle

cooling system becomes operational, I.P.3 should not be

permitted to function at all during the peak spawning

season for the striped bass and other fish on the Hudson

River estuary. This is necessary to minimize the damage

to aquatic resources from impingement and especially

entrainment. The DES should examine this alternative.

Subject to annual variation, the period from the

end of April through July represents the period of peak

losses of larvae and eggs because of entrainment

(pp.V-37-49; App. 13) Con Ed should plan to use energy

sources other than I.P.3 during this critical period.

If interim operation with base design is allowed at all,

the DES should explore what can be done to limit opera-

tion in the April-July period for each year before

closed cycle operates.

V. Cost/Benefit Evaluation
Must Be Scrutinized

IIRFA and SOS have no quarrel with the DES

conclusion that, by the most careful cost/benefit analysis

set forth, cooling towers'must be installed at I.P.3.- The

recommendation that interim operation be allowed until

1978 with once-through cooling, however, cannot survive

close cost/benefit analysis.

The benefit, presumably, is the availability

of I.P. 3 generated electricity. Even assuming Con Ed can

operate I.P. 3 without breakdowns so that the electricity

would actually be available, a careful review of the off-

setting costs would reveal that the costs outweigh the

benefits.

A. COSTS -

The effect on aquatic resources of once-

through cooling of I.P. 1, 2 and 3 operating together with-

out cooling towers has been set forth in the DES. It appears.

for impingement (Table X1-6 at X1-31) and entrainment (Table

X-12 at X1-43). The effect is that described'as the base

design.

Based on Con Ed's minimal estimates for

3 years of I.P. 1, 2 and 3 once through cooling

(actually a fourth year of I.P. 1 and 2 together exists

also), .28,600 lbs. per year of fish would be-impinged, or

IV-1 V-1
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2,600,000 actual Fish. Over three years this sum is 858,000

lbs. or 7,800,000 Fish. Taking only the striped bass as an

example, a substantial number of fish will be lost, with

greatest impact being when those fish mature and their

numbers are not available for recreational fishing or spawn-

ing, added to this already significant loss are the cumulative

entrainment losses for the three years. Assuming 100% mor-

ta-lity on entrainment with once through cooling base design,

the mean predicted reduction of striped bass Juveniles due to

entrainment was between about 23% to 58% (Fig. XI-3, p.XI-34).

Adding the cumulative impact of all plants other than

Storm King the 100% mortality assumption on base design

rises to about 43% to 74% (Fig. XI-4, D. XI36).

Taking the mean predictions of mortality for

base design with 100% mortality assumed at 43% of all striped

bass Juveniles (p.Xl-32), the interim once-through cooling

will reduce substantially the available striped bass stock.

Adding all plants except Storm King this loss of juv-

,eniles results in a mean prediction of 62%, up 14%.

On balance,, over half of the striped bass for at

least a three year period would be lost. Since fish egg and

larvae measurements are difficult to make, the estimate may

in fact be much higher. The maturation period for striped

bass is some four-six years; accordinrly, at the end of the

'interim period the first adverse impact on commercial and

V-2

recreational striped bass fishing on the Hudson and off

the Atlantic Coast and Long Island would be felt.

The adverse economic impact on recreational

striped bass fishing is ignored by the DES. In weighing

the costs of interim operation at base design of I.P. 3 with

I.P. 1 and 2, this impact must be considered.

The striped bass is one of the most sought

after game fish in the area off New York and along the

Atlantic Coast. The fish prefer waters near shore and are

seldom found more than several miles away. The pressure

on striped bass from increased numbers of anglers, commer-

cial haul seining, pollution, insecticides and run-offs, and

most significantly the losses from once through cooling at

existing Hudson River power plants, has reduced the catph

significantly in recent years. . At-stake here, there-

fore, is avoiding a new and Isubstantial adverse impact. As

Edward Raney noted, "Wallace and Neville (1942) have outlined

the persistent problems of the [striped bass] fishery and have

focused attention on the factor of removal of the striped

bass by man --- the only important factor which is immediately.

controllable." E.C. Raney, "The Life History of The Striped

Bass", 14 Bull. Bingham Oceanogr. Coll. #1 (1952).

"Man" here is Con Edison. The Company must install

cooling towers and must not use I.P. 3 without cooling towers be-

cause of the harm which will result if 50% of striped bass are

eliminated for each of three years running.

V-3
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Such a fish loss would injure the conserva-

tively estimated 160.,000 striped bass anglers in New York.

See D. G. Dewel and J.R. Clark, "The 1965 Saltwater Angling

Survey", Dep't of Interior, Bur. of Sportfisheries and

Wildlife, Resource Publ. #67 (July 1968). The number of

these fishermen increases by 6.7% annually. I.M. Alperin,

J.V. Miller, P.R. Nichols, and J.E. Sykes, "Striped Bass,"

Marine Resources of The Atlantic Coast Series, Atlantic

States Marine Fisheries Comm., Leaflet No. 8 (1966). It

is clear that well over 200,000 fishermen seek recreation

from the striped bass in New York alone.

Each such striped bass angler spends large sums

fdr supplies and equipment. An average of $9.00 a day money

spent per striped bass angler was estimated in 1959, as both

the Department of the Interior (Fishing Leaflet #592) and

the Department of Fish and Game of the State of California.

Even without adjusting this figure for the inflation of the

last two decades, with a minimum of 16 days of fishing a year

as a conservative estimate, each fisherman contributes $144

a year to the economy in pursuit of striped bass, or $28,800,000

a year for a conservative estimate of all New York's stiper

fishermen before inflation adjustments.

The value of the striped bass must be figured

in terms of such expenditures for charter boat operators, bait

and tackle dealers, motel owners, gasoline stations, restaurants

and taverns, food stores, dealers and manufactures of boats;

special clothing, and the like.

The value of these market components cannot
be Ignored Wi-th adjustments for inflation, the annual
striped bass fishermen contribute in excess of $80,00o,o00 to
the State's economy.

The DES must evaluate how much Inte~rim I.P. 3
operation with once through cooling before closed cycle cooling
is installed would cut into this striped bass recreational
fishing industry. A 50% reduction in available fish would
cut into the economy and into the ability of the fish to
regenerate its numbers.

It would be a tragic blow if cooling towers
were required only to go into operation too late to avert
massive reductions In fish because of Once through cooling
for 3-4 years. The DES must come to grips with this issue.

Such an economic analysis reveals the full

,worth of the resource. The 1970 Saltwater Angling Survey
(U.S. Bureau of Commerce National Marine Fish Service)

must be studied to bring the analysis more current. The
value of the striped bass fish alone has been computed for
the North and Middle Atlantic at from $59 to $146 million
per year. The Hudson-supported striped bass fishery in
fish alone totals $75.4 million annually. J.R. Clark,
"Testimony on Effects of I.P. Units I and 2 on Hudson
River Aquatic Life" (Docket 50-247, Oct. 30, 1972) pp. 2-4.
To these raw fish figures, the DES must evaluate the economic
multipliers if true costs are to be established.

V-4
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B. Benefits

The benefits also need scrutiny during the

interim period before cooling towers operate. Con Edison's

need for the power which I.P. 3 can provide should compel

an earlier installation of cooling towers, rather than a

later date. Indeed, it should compel the earliest possible

date. In the meantime, Con Edison should supply the power

it needs from alternative presembly abailable sources.

Con Edison's position is not as bleak as

might appear.

The DES review in Chapter IX on the need for

power could usefully be compared to the soon to be released

report of the Regional Plan Association and Resources For

The Future establishing that the metropolitan New York

area including Westchester ises 6.4% of the nation's energy

although 10% of the nation's people live here. 35.1% of

all energy goes to transportation, 28.9% to residential uses,

24.9% to commercial and public facilities and 11.1', for

industry. This is below the national average figures. See

Regional Plan Association Resources For the Future,"Repional

Energy Consumotion" (1973).

To supply-the portion of these demands which

is Con Edison's responsibility, it is improving its trans-

mission capabilities by 1975 and thus can purchase power

(Table X-2, p X-2).

The DES concedes (at p. X1-2) that "It would

appear that adequate net import capability exists to make

purchased power a viable alternative to Indian Point Unit

No. 3." It ,notes that as inavailable Con Ed capacity could

require I.P. 3 between 1973-75 nonetheless (Table X-9 and

X-10, p. X-25, p. X1-3).

The DES does not, however, factor in the

energy conservation measures now in effect and soon to be

required by the N.Y.S. Public Service Commission. It must

indlude these.

The DES also fails to consider the facts

set forth by the City of New York as to Con Edison's

additional generating capacity. While estimated with re-

spect to the energy potential of Con Edison's Cornwall

(Storm King Mountain) plant site, the facts are directly

relevent to alternative power sources during theconstruction

of cooling towers for I.P. 3. The N.Y.C. Environmental

Protection Administration report establishes that Con Edison

could save fuel oil by linking new gas turbines to wasteheat

boilers to produce steam for both electrical power and

steam heat. While the N.Y.C.E.P.A. report is framed in the

1980-1992 Cornwall (Storm King .ountain) time frame, the

same facts should have been treated in the DES with respect

to the 1973-75 time frame. See N.Y.C. Environmental Protection

Administration, "An Alternative to Storm King" (November 30,

1973).

V-6
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Since Con Edisons predicted peak load over

the next few years is always within the total system capacity

(Fig. X-6, p. X-23), it hardly seems justified on a cost/

benefit analysis to endanger the striped bass population and

striped bass recreational and commercial fishing economy by

permitting interim operation of I.P.3 before cooling

towers are installed. Even if outages reduce total

capacity, the alternative power sources available to

Con Edison should be used to get it through the next

short period until I.P.3 has a closed-cycle cooling

system.

Conclusions

The extensive losses which will result from

even a short period of operation of I.P.3 with once-

through cooling cannot be accepted. The DES is de-

ficient in failing to closely examine this issue. Similarly,

the DES should review intensively the entire impingement

problem rather than simply pass the burden back to Con

Edison whose experience hardly commends it for such a

review. The cooling towers should be operational by

May 1977 at the latest, and if Con Edison cannot meet

such a deadline the plants should not operate with

closed cycle cooling after May 1, 1977. Finally, Con

Edison must curb operations during the spring spawning

season in order to protect the striped bass and other

fish resources of this priceless natural resource, the

Hudson River estuary.
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Carl L. Newman
V111 P1.11-1

Dated: New York, New York
December 10, 1973

Consohdated Edison Conmpiny of Ncw ork. Inc.
4 Irv1nq Place. N,!,, York. N. Y. 10003
lelephone (2121 4.0-5f33

Mr. L. Manning Muntzing
Director of Regulation
U.S. Atomic Energy Commission

Washington, D.C. 20545

December 24, 1973

Respectfully submitted

Hudson River Fishermen's Association

Cold Spring, New York

Save Our Stripers
Massapequa Park, New York

By: Nicholas A. Robinson
Marshall, Bratter, Greene,

Allison & Tucker
Office & P.O. Address
430 Park Avenue
New York, New York 10022
(212) 421-7200

and
Sarah Chasis
Angus Macbeth
Natural Resources Defense

Council
,Office & P.0.Adcdress
15 West 44th Street
New York, New York 10036
(212) 869-0150

,'-I"

Re: Indian Point 3
Docket No. 50-286

Dear Mr. Muntzing: "/

Con Edison respectfully submits the following comments

on the Draft Environmental Statement by the Directorate of
Licensing related to the operation of Indian Point Nuclear
Generating'Plant Unit No. 3 (DES). We hope these comments
will be useful to the AEC's Regulatory Staff (the StaTf) in
its preparation of the Final Environmental Statement. Detailed
co.ments are set forth in an appendix. We would like to make
the following principal observations.

1. DES Fails To Analyze Whether There is Time To
Complete Studias

The DES, despite its bulk, fails to address the
principal issue in contention between Con Edison and the
Staff--that is, whether there is time to complete the eco-
logical study program prior to making the decision whether
or not to build cooling towers.

During the course of the hearing on Indian Point 2.
it became very clear that the presently existing data were in-
adequate. Witnesses of unquestioned honesty and integrity
reached extremely diverse conclusions because of different
assumptions made in the face of lack of good data. It would
seem obvious that the only way we will know the impact of the
plant is to start Unit 2 and also Unit 3 and make careful
measurements of important biological parameters. Then we
will know impacts instead of assuming them. Con Edison has
designed and is implementing an ecological study program
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which will make these measurements.

Although the Staff has criticized this program, we
suggest it is completely inconsistent to predict massive
biological damage on the one hand and then say that a study
program as extensive as that undertaken by Con Edison may not
detect any damage. Clearly the program will detect damage of
thi dimensions postulated by the Staff.

The critical question then becomes whether, in the
event serious damage should occur, there is time to complete
this program without creating an irreversible adverse impact
on the aquatic resources of the Hudson River. The DES does not
address this question. If the study program shows that the
Staff's worst estimates are true, closed-cycle cooling systems
can then be installed and the biological skstems of the river
would recover from the adverse impact. Numerous instances
exist of recovery of biological systems after much more ex-
tensive destruction than is postulated by the Staff. The
Staff has not considered whether the prevention of a possible
short-term diminution of aquatic resources justifies making
the cooling tower decision now. We submit that the economic
costs of such an approach clearly outweigh the environmental
benefits, which at the present time are speculativein nature.

Also the Staff agrees that the hatchery program can
mitigate any damage from such interim plant operation (XI-46*),

.and Con Edison has expressed a willingness to effectuate such
a program. Accordingly, no valid reason is presented in the
DES for denying Applicant the opportunity to complete the eco-
logical study program prior to making the decision on cooling
t•owers.

2. Bias in.Analysis of Biological Impact

A. Existence of Bias

Con Edison is deeply distressed at the obvious bias
that permcates the estimate of biological impact of plant opera-
tions. In this respect the DES can hardly be considered a
realistic assessment of environmental impacts, as specified
by the National Environmental Policy Act (NEPA). Rather, the

*,All similar references are to pages of the DES.

Staff has strained to find indications of damage or potential
damage from plant operations and has systematically rejected
all evidence, no matter how clear the data may be, that the
plant will not damage the aquatic environment.

WNe note in this regard that the Commission's pro-
posed regulations for environmental considerations require a
discussion of "probable" environmental impacts. Proposed
Reg. §51.20(a). The DES does not analyze environmental impacts
interms of probable impacts. For example, the crucial con-
clusion on impact of the plant on striped bass populations
refers to "a high potential" of damage and does not say whether
or not this potential is probable. (v.) Furthermore the analysis
that backs up this conclusion has even more' "possibles", ("may",
"could", "potential", etc.) than "probables;'*

The bias principally occurs in Section V. D. 2
where the Staff analyzes the plant's potential for biological
damage and concludes that such potential damage is unacceptable.
Here the Staff rejects all data favorable to the Applicant's
position. This is particularly surprising because, in the
Indian Point 2 proceedings, the Staff consistently rejected

:subjective statements on environmental impacts offered on
behalf of Applicant regardless of the qualifications of the
persons making those qualitative judgments and asked that it
be furnished with data. Now the Staff ignores the data.

Although many of these items are noted in the ap-
pendix, we will describe a few examples:

a. The Staff's inconsistent use of the results
of New York University studies. The Staff relied on
NYU data to show damage to phytoplankton by chlorine
(V-63), and ignored NYU data on temperature tolerance
of phytoplankton at Indian Point which showed no ad-
verse effect, (Testimony of Gerald J. Lauer on Effect
of Operation of Indian Point Units 1 and 2 on Hudson
River Biota,

* For example, see pages v item 2; v item 3; vi item 4(c);
V-78 third par.; V-81 first par.; V-91 par. 2; V-95 par. 2;
V-95 par. 3; V-95 para. A; and V-96 par. 2.
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October 30, 1972), choosing instead, to support its pre-

diction of serious adverse effects on phytoplankton by
data from unspecified plants under unspecified conditions

(V-71).

b. In Table V-4 (p. V-47) the Staff fails to take
into account extensive information obtained for the Appli-
cant by S1YU and supplied to Staff on the temperature tol-
erance of aquatic species found in the Hudson River. In
choosing to ignore the NYU data, Staff has instead elected
to rely on data garnered from sources other than specific
studies of the Hudson River.

c. The Staff's treatment of the potential plant im-
pact on American shad. Two years of daily counting and
classification of fish collected from the Indian Point
intakescreens have established that rarely are shad col-
lected from the screens. Two years of entrainment studies
have failed to find any shad eggs entrained in the plant.
Nevertheless, in several places the Staff states that the
plant will have an adverse impact on American shad from
impingement and entrainment. (V-78; V-91.)

B. Source of Bias Is ADDroach Contrary to Scientific
Standards

The scientific and particularly the biological analyses

contained in the DES reflect not only bias but are contrary to
standard scientific principles: i.e., basing conclusions on
all pertinent data. Examples are indicated throughout the appen-
dix. Basically the emphasis of the DES on the mathematical
biological model reflects a preoccupation with a new and untested
technique without adequate recognition of its fundamental.lixnv
itations. As noted above, the question of irreversibility of
adverse impacts during the'time necessary to carry out the study
program is ignored.

The Staff's approach to the study program which, in
effect, rejects the utility of standard biological research
methods, also reflects this problem. The Staff concedes that
no five-year. research program'no matter how competently designed
and executed can satisfy the Staff's requirements. (V-103 to
104.) A more scientific approach would recognize that it is
not necessary to understand every biological interaction in
the ecosystem to analyze plant impact. Ecosystem measurements
before and after startup of the plant should provide a suffi-
cient indication for decision making.

3. The Staff Makes a Wrong Decision by Using Wrong Procedures

A. Unusual Burdens of-Proof

The problem of rational decision making is compounded
by the Staff's selection of the standards for the burden of
proof. The Staff states that Applicant must "conclusively dem-

,onstrate" that operation of the Indian Point plant will not have
an unacceptable adverse impact on the fisheries supported by
the Hudson River. (V-97.) Where does the AEC Staff obtain the
concept that this must be conclusively demonstrated? Nowhere
in NEPA nor in the Atomic Energy Act is such an unusual standard
set forth for environmental review. Furthermore, the fact that
Applicant is being required to prove a negative makes the burden
virtually impossible to meet.

The Staff is well aware of the fact that scientists
do not talk in these terms.- Applicant cannot present as a
witness a responsible scientist who would ever say that some-
thing has been "conclusively demonstrated" not because our case
is weak but because scientists don't use this language. Scien-
tists generally speak in terms of confidence levels based on
the range of data, and the ecological study program has been
designed to reach such conclusions.

in summary the Regulatory Staff is saying that in the
absence of Applicant's ability to conclusively demonstrate a
negative proposition, the environmental decisions must be made
on the basis of unproven but most conservative assumptions.
This is not only legally wrong because it is not authorized
by any statute, but it is also bad as a matter of public policy.
Translated into action, this policy means that the environment
must in every case be protected from all potential sources of
damage regardless of cost or the value of the damage. This is
not a policy enunciated by any act of Congress. If carried
out in all governmental actions, it would create a serious mis-
allocation of our resources, which we are all painfully learning
are not unlimited.

Our nation has enough existing environmental problems
which need attention that our efforts should not be diluted by
premature decisions involving such a vast and irretrievable
commitment of resources. Since a large number of problems
exist which are not being addressed because of lack of funds,
they should clearly have priority over eliminating hypothetical
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potentials for environmental harm. In a community which is
suffering from lack of adequate funds for hospital facilities,
mass transit, drug problems, rodent control and many other
similar matters, it seems indefensible to spend $38 million
per year for cooling towers at the two units at Indian Point
without the need having been established therefor.

B. Different Standards for the Environmental Problems
of cooling Towers

The problems of the Staff's approach are made even
more acute when the alternative the Staff proposes has adverse
environmental impacts of its own, i.e., natural draft cooling
towers. Environmental impacts of this alternative cannot be
"conclusively demonstrated" any more than can the environmental
impacts of the present once-through cooling system. The Staff
therefore "reverses its field". Gone are the most conservative
assumptions when analyzing environmental impacts of cooling
towers. In these sections, as noted:in the appendix, the Staff
based its analyses on conclusory statements and data much less
definitive than the data it has rejected in analyzing the im-
pact of the once-through cooling system.

Thus the decision is made on the basis of artificially
constructed standards of proof rather than a careful analysis
of the large quantities of available information on actual
environmental impacts. In this case the result is a decision
which is not only "environmentally conservative", but is very
likely environmentally wrong. Applicant considers it terrible
from a strictly environmental point of view to impose on the

-people of the Hudson Valley the irreversible and irreparable
adverse environmental impacts of large cooling towers at Indian
Point on the basis of the Staff's compounding of most conserva-
tive assumptions with respect to the once-through cooling system.

C. Decision Should Be Based on Analysis of Benefits
and Costs

The decision on cooling towers should be made on the
basis of a rigorous analysis of realistic benefits and costs.
All decision making whether governmental or private is essen-
tially made by balancing costs against benefits and this is
precisely what the AEC has been ordered to do. (Calvert Cliffs!
Coordinating Committee Inc. et al.v. USAEC, 449 F.2d 1109
(D.C. Cir.. 1971].)

The Staff has failed to base its decisiom on thisdifficult analysis and has elected instead to base its deci-
sion on the principle that all adverse environmental impacts
should be minimized. This is easier for the Staff, since it
closely resembles its nuclear safety standard that radio-
active releases should be kept as low as practicable.

Although the appendix to this letter notes examples
of how the Staff has applied this concept, it is clearly
revealed on Pages XI-46 to XI-48 where the staff presents
the summary and conclusions of biological impacts. On these
pages the Staff assumes adverse impacts must be minimized
without purporting here or anywhere else in the DES to weigh
the real'social costs of these adverse impacts. Plant
mortality by itself is equated with social cost with no
attempt being made to relate these impacts to aquatic popu-
lations having significant value to society, except to some
extent in the case of striped bass, in which case there is
no attempt to quantify the value to society of a diminutionin the fishery. Quantifying commercial and recreational
values of a fishery is not a new problem and the Federal
Govenment has for many years had a Congressionally-approved
method for doing this.

Furthermore, a proper benefit-cost analysis speci-
fically requires a realistic assessment cf the benefits and
costs. The bias that permeates the DES, discussed above,
makes a proper balancing impossible.

The result oZ the Staff's failure to perform a proper-
benefit-cost analysis results in imposing a large financial
burden on the people of New York City and Westchester who
will pay for the two cooling towers an amount properly esti-
mated at not less than $38 million per year. It also imposes
on the local community the serious, irrevocable, adverse en-
vironmental impact of the towers themselves. The benefit-cost
analysis must contain a clear explanation of what they will
receive for this money and environmental burden. The elimina-
tion of potential and hypothetical damage to aquatic resources,
which have not been quantified in any meaningful way, would
not appear to offer any reasonable explanation.

Very truly yours,

Carl L. Newman
Enc. Vice President

1-53



--1-

1. Page i, Item (2), par. 2

APPENDIX

TO 2. Page iii, Item (3). f

COMMENTS OF CON EDISON

ON

DRAFT ENVIRONMENTAL STATEMENT

RELATED TO THE OPERATION OF

INDIAN POINT NUCLEAR GENERATING PLANT

UNIT NO. 3

3. Page iii, Item (3). f

License request for Unit 3 is for
965 MWe and 3025 MWt. All cal-
culations should be based on these
values, and not on the 1033 MWe
employed by the Staff.

In stating its conclusion that the
thermal discharges from Indian
Point Units 1,2, and 3 may exceed
the state thermal criteria, the
staff gives no indication of the
qualifications on this conclusion.
On page V-li of the DES the staff
states "In assessing the results
of the thermal discharge studies,
it should be emphasized that the
estimates are strong functions of
the values of the input parameters,
which are largely based on judge-
ment and need verification by
more field data than are now
available." So as not to be
misleading, a similar qualifying
statement should be made here.

On page V-17 of the DES the staff
acknowledges the conclusion and
position of the applicant ýhat:
A) "The scarcity of field data

available makes the modelling
difficult," (as demonstrated
by the disagreement between
the Applicant's physical and
mathematical model predictions.)

B) "The applicant will carry out
a thermal plume program" which
will "enable the applicant and
staff to predict more accurately
the thermal plume characteristics."

C) The applicant "intends to operate the
Indian Point facility so that the
addition of Indian Point thermal dis-
charges to the existing Lovett and
Bowline discharges will not create a
violation of the State thermal crlter.a.

However,.on-Page iii, Item f, the
staff describes the applicants'
conclusion as being simply "that the-
thermal discharges from Unit Nos. 1,2,
and 3 will meet the.New York State
thermal criteria."- This oversim-
plification is misleading, and the
true position of the applicant, as
indicated above, should be given
here also.
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B. Rage vi, Item 4h

4. Page iii, Item (3) g

5. Page iv, Item (3) 1

6. Page iv, Item (3) )

7. Page v, Item (3) J (2)

In the initial decision for Indian
Point Unit 2* the ASLB ruled that "The
applicant must monitor the dissolved
oxygen in the vicinity of the plant. If
the concentration falls to dangerous
levels, which is hardly to be expected,
the discharge must be aerated
or other suitable action
taken to satisfy the requirements
of the New York State Department
of Environmental Conservation." In
the light of this decision, it is
assured that dissolved oxvyen will
not be permitted to fall, due to plant
operation, to levels dangerous to
aquatic life. This should be noted in
the staff's conclusion on dissolved
oxygen, which as now worded gives the
incorrect impression that no action is
presently planned to insure that dis-
solved oxygen will be maintained at
safe levels.

No reference is made here (Summary
and Conclusions) to the program
imposed by the Unit #2 Environmental
Technical Specification Requirements
of determining the lowest residual
chlorine that is possible consistent
with plant operations. Also we have
not chlorinated at the frequencies
listed here for several years. The
description of the circulating water
system (page .V-25) contains
reference to these current programs
and similar statements should be
incorporated in "Summary and Con-
clusions."

In addition to studies on the effect-
iveness of the air bubbler and
reduced flow to reduce impinge-
ment, the applicant is also under-
taking a flume study to investigate
fish guidance and avoidance devices
which if installed at the Indian
Point intakes could reduce fish
impingement. This flume study should
also be mentioned here.

There is no sound basis for assuming
that all larvae entrained will be
killed.

9. Page vii, Item 4
c

'he stare's assertion that the fewadditional voars reouired for com-oletion of the nronoscd ecolo ¶cal
study carry significant risk ofirreoarable environmental damage
is unsumoorted by peneral theory
or by fact.

The Staff also fails to acknowledge
methods to mitigate damage while
studies are being performed. If
ooeration of the Indian Toint
power nlant caused damage to fish
Populations which was irreversible
through natural processes, then
mitigation by stocking, or temporaryreduction of fishing with financial
compensation to economically damagedDarties,.could he emnloyed to restorethe loss value of the natural re-
sources to the public.

Staff does not acknowledge data
Presented in the IP2 hearings.
Stresses should not be termed severe
if they do not cause mortality.
See the following:

Rebuttal mestimony of Gerald J. Lauer,
Th.P.,on .ffects of hntrainment onMorone so. (strioed bass and whiteperch) egogs and larvae at Indian Point,dated -ebruary 5, 1973

Testimony of Gerald J. Lauer on Effects
of Operations of Indian Point Units 1and 2 on Hudson River Biota; October 30,1972

Rebuttal Testimony of Gerald J. Lauer,Ph.D., on Studies of the Effects of
Rapid PressurL. Changes on Strined Bass
Eggs and Larvae by NTew York University,dated Pebruary 5, 1973

Testimony of Gerald J. Lauer on Effects
of Elevated Temoerature and Entrain-
ment on Hudson River Biota, April 5,1972

Rebuttal Testimony of Gerald J. Lauer,Ph.D., on The T
emnerature Tolerance

of Strioed Bass Eggs and Larvae Relative
to Their Seasonal Occurrence and

' Docket No. 50-247 (September 25, 1973)
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10. Page vii, Item 4d

11. Page vii, Item 4e

12. Page vii, Item 4f

Exoected Indian Point Plant Dis-
charge Temneratures, dated February 9,
1973

Testimony of Gerald J. Lauer on Effects
of Chemical-Discharges from Indian
Point Units 1 and 2 on Biota and on
River Chemistry, April 5, 1972

Statement is not supported by the
analysis.

There is no sound basis for this
statement.

Reduction of mean probability of
entrainment of phytoolankton has in-
herent value only if it were to be
damaged, which NYIY studies show will
be true only during chlorination.
Furthermore, a reduction of phyto-
plankton is only significant if total
pooulatlons in the river are reduced.
Staff erroneously implies that any
reduction is a significant'adverse
environmental impact. In any event,
Staff should state the expected in::nact
of this mortality on total populations
in the river.

See the following:

Rebuttal Testimony of Gerald J. Lauer,
Ph.D., on Effects of Entrainment on
Morone so. (striped bass and white
erch eggs and larvae at Indian Point,

dated Pebruary 5, 1973

Testimony of Gerald J. Lauer on Effects
of Operations of Indian Point Units 1
and 2 on P udson River Biota; October 30,
1972 ,

Testimony of Gerald J. Lauer on Effects
of Chemical Discharges from Indian
Point Units I and 2 on Biota and on
River Chemistry, April 5, 1972

Requirement for plan to reduce impact
during time prior to installation
of cooling towers is inconsistent
with Item 4b (see comment above)

14. Page x, Item Md

15. Page xi, Item 8d (5)

16. Page xi, Item 8d (10)

17. Page 1-2, Table I-i

which states irreparable damage
may take place during studiesi.

The need for detailed studies is in-
consistent with conclusions thpat
studies cannot determine the
impact of plant operations.

The plant does not discharge copper
in its operations, although,,as a
theoretical matter, immeasurable
copper discharges may result from
corrosion of condenser tubes.

This requirement is too general
to be meaningful, and there is another
inconsistency in the following
paragraph. It implies that the
massive impact predicted might not
be detected.

(A) The maximum ambient temperature
in the vicinity of Indian Point,
is 790, not 81OF as postulated
by the Staff. A detailed
discussion of the maximum
ambient temperature in the
vicinity of Indian Point,
including comments on the Staff's
utilization of applicants data
is presented in Appendix B-l,
Con Edison's comments to the
Draft Environment Statement for
I.P. 2 (see FES, I.P. 2, Vol Ii,
p. 203).

(B) Freshwater flows in excess of
the maximum value stated by the
Staff (50,000 cfs) have been
regularly reported. See, for
example Geise and Barr,"-The
Hudson River Estuary," State
of hew York Conservation Depart-
ment, Water Resources Commission,
Bulletin 61, 1967Y (Table 2
in the aforementioned document gives
mean monthly net fresh water flows
at Poughkeepsie (which is upstream
of Indian Point) of, for example,
almost 68,000 cfs for April 1960.

13. Page ix, Item 8c

* Reference 9 in Ch. II of DES.
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18. Page 1-3, par. 1, 1-9, line 4

19. Page I-B

20. Page 1-8, Item 3

Ten suPplerorots, not nine, have been
nub,:itted to the Unit No. 3 Environ-
imental Report. Supplement 11 will
also be suhboittod prior to issuance
of the Final Environmental Statoment.

The discussion or, future environmental
approvals does not take into
account recent changes in New York
State law. Effective September 1,
1973, the New York Environmental
Conservation Law was amended to
eliminate the requirement for an
operating permit and to substitute
a requirement for an "SPDSS" permit.
This amendment was intended to
make New, York law compatible with
the federal system adopted under the
1972 Amendments of the Federal
Water Pollution Control Act. Until
December 31, 1974, an application
for a permit is deemed a permit.
Accordingly, SPDES permits for Units
No. I and No. 2 are not required
until December 31, 1974.

Furthermore, a certification pur-
suant to Section 401 of the Federal
Water Pollution Control Act was
issued by the Nlew York Department
of Environmental Conservation for
Unit No. 2 onl September 24, 1973.
An application for similar
certificationl for Unit No. 3 has
been filed.

The New York State order of April
28, 1972 states that if it were
determined at public hearings that
the air bubbler system now in use,
Is "not satisfactorily protecting
the fish population of the Hudson
River, or that the screened lagoon
will provide a level of fish protect-
ion significantly higher than the
air bubbler system"., then Con Edison
must build the screened lagoon.

Staff should discuss the additional
approvals required in connection with
its recomnendation for the installa-
tion of cooling towers.

This discussion should.descrlbe the
visually affected area around the
site, i.e., the region within which
the Plant structures and emissions
can he seen. The size of this region

and the visual impact of the plant
varies with light and meteorolorlcal
conditions and the distance from
the plant.

This zone of influence extends from
Bear Mountain Bridge south to the
Tappan Zee Bridge and to the high
topography which creates the Hudson
River Valley rim. Natural scenic
geologic features include the estuary
itself, Prickly Pear Hill, Anthony's
Nose, Bear Mountain, Dunderberg
Mountain, South Mountain (High Tor)
and Hook Mountain, the latter two
forming the northern extremity of the
Palisade Diabase.

The dominant man-made features in-
clude several communities; Buchanan
Montrose, Verolanck, West Waver-
straw, Stony Point, Tomkins Cove,
and Peekskill.

It should be pointed out that the
Penn Central Railroad at Croton-on-
Hudson has large switching yards and
is an important terminus.

The important geographicai features
in Figure II-1 should be included
in the text.

The salt front is not neccessarily up-
stream of'Indian Point".much Of the year
as indicated here or all but three
months of the year (March, April,
May) as indicated on page B-5. The
figure below from Texas Instruments'
1972 Annual Report on Indian Point
shows that the salt front is above
Indian Point only 3 months o.f 1972.
The remainder of the year it was below
Indian Point.

22. Page I-1, par. 3

21. Page 1-9

22. Page I-1, Section A
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0<1.0.0 c.5'*A.

Saltwater Intrusion Length,

23. Page II-1, par. 4

24. Page 11-6, par. 3

25. Page 11-7, par. 2

26. Page 11-13, par. 3

Indian Point Region, Hudson River, 1972

This paregreph Is grossly misleadIng.
The entirzc river south of Albany serves
as a spawning and nursery area. The
sentence would be more accurate if the
words "near Indian Point" were deleted.

This.paragraph should be rewritten
as suggested below:

"The State Archieologist of the New
York State Museum and Science Ser-
vice, State Education Department has
noted archeolorical sites at. Hontrose
Point (shell niddens), Georges
Island, Oscawana rsland, Croton
Neck and Kettle Rock Point, None
of these sites are impacted by the
facility." The reference to relic
collectors is sheer speculation.-

The Staff's statement on the
maximum value of the freshwater flow
at I.P. (50,000 efs) is incorrect
(see comment 175 above)>

See commrent 17A above for
Applicant's analysis of the maximum
ambient temperature in the vicinity

27. Page 11-17

28. Page 11-18, par. 3, line 15

29. Page 11-26, Section b, par. 1

of Indian Point. The data presented
by the Staff do not acknowledge the
effect of plant operation on the
measurements and the precision of
the instruments used, which were
geared for biological activity
rather than temnerature distribu-
tion. See Appendix RE (2),
"Supplemental Study of Effect of
Submerged Discharge of Indian Point
Cooling Water on Hudson River Temp-
erature Distribution, "Qirk, Laulet
and Matusky Engineers, May 1972,
pages 1-3 to 1-5, for a detailed
discussion (I.P. 3 ER).

It should be pointed out that both
the 100 foot and 400 foot meteorological
towers are located at sites over 100
feet above sea level.

The Staff rejected Applicant's
models on the grounds that
instruments were not sufficiently
accurate. Wind instruments used
on the 100 foot meteorological tower
were installed at the 100 foot level
and operational f1r7m l'January 1940
to present. Soecific seensor criteria
for-the instrumentation.are: thres- V
hold of 0.6 MPH and accuracy +0.15
MPH for the wind speed; wind direction
threshold less than 1 MPH and
accuracy +30. The aforementioned
criteria are within the instrument .
accuracy presented in Regulatory
Guide 1.23 (Safety Guide 23). Further-
more, although "more conservative
meteorological models" are appropriate.
for nuclear safety matters, they are-
not appropriate for a realistic
assessment of environmental impact.

Role'of phytoplankton as food for
zooalankton varies in different
bodies of. water. In. the Hudson River,
organic detritus appears to be-a
more important food source. See -
-Howells, G.P., and Weaver, S.
"Study on Phytoplankton at Indian
Point", Proceedings of the Second -
Symposium on Hudson River Ecology.
1969 ...
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30. Page 11-28, par. 4

31. Page 11-27

32., Page 11-29, par. d, line 8

33. Page IIlil, line 18

34. Page I11-i

35. Page 111-5, fig 111-2

The Staff's statement that macroinvert-
ibratos ability to recover from kills
is restricted because they reproduce
only once ocr year, is incorrect.
Although some do reproduce only once
per year, various individuals may be
reproducing at different times through-
out the year. Also, Conreria, Ralanus,
Amnicola, although they naturally

hB-cu igh seasonal mortalities at
Indian Point, nevertheless regenerate
and maintain large and healthy popula-
tions. For further data the Staff
should consult TI's First Annual Report
on Indian Point (April 1973)

Delete "and eunhasilds" from lnst
paragraph. There are no euphasiids
in the Hudson.

The reference to Long Island Sound
is misleading. The parties are in
agreement that Hudson River strioed
bass predominate in the western portion
of Long Island Sound, but the Staff
is well aware that there is a dispute
as to their presence in the eastern -

portion of Long IslandSound. The
omission of a reference to this contro-
versy makes this statement misleading.

Insert the word "approximately" before
the words "10 feet per second".

The Applicant will furnish a more
recent photograph of the site.

(A).Unit No. 1 has one condenser
with two halves, not two condensers
as indiceted

(B) The de-icing flow for Unit Nb. 1
is not achieved via a pumped
return flow from the discharge
canal, as indicated by the Staff,
but via a direct flow from the
condenser outlet.

(C) The values for Unit No. 3
should be based on the license
request power level, not the
maximum calculated power. The
proper values are:
- NWt: 3025, not 3216
- MWe (net): 965, not 1033

36. Page II-Cg, par. 2

37. Page 111-7, Table i11-2.

38. Page III-10 & Table 111-3

39. Page IV-3

- Condenser Rise: 16.3°F, not
17 . 5oF

- Canal Rise: 14.8'P, not 15.3
0 F.

All subsenuent calculations and
evaluations by the Staff should
employ the license request
power- levels.

Tn connection with the parenthetical
exoression at the end of this para-
graoh it should be noted that the
design of Unit Po. 3 has been altered
from that of Unit Ho. 2 for environ-
mental- reasons. The fixed screens
at Unit Ho. 2 have been replaced at
Unit No. 3 by placing the traveling
screens at thu river face of the intake
structure so that fish cannot be
trapped in the forehanys as was the
case with the Unit No. 2 design before
installation of the fixed screens.
The air curtains are being tested for
possible use with the Unit No. 3
intake.

.The columnsn under "Unit No. 3" and
"Total" should be chan7ed to reflect-
the comawents on Figure 111-2 above.

The residence time for IP3 at full
flow and simultaneous operation of
I.P. 1 & 2 is. 5.91 minutes. If-
Unit 3 operates alone at full flow,
the transit time is 8.72 minutes.

The discussion of Applicant's
upgrading of its transmission
facilities is not relevant to the
ehvironmental impact of Unit No. 3.
The Atomic Energy Commission
resolved this matter in Regulatory
Guide 4.2 (S. 3.9).

Change "1952" to"1932"

Water is- recirculated from the
discharge side of main pumps to
the forebays in front of-the pumps.
The water is not recirculated from
the condenser outlet.

Discussion of transmission lines
beyond the Buchanan substation is

.improper under Reg. Guide 4.2
(see comment on IV-3).

40.

41.

Page IV-3 Ninth line from bottom

Page IV-
4

, Item c,. par. 1

42. Page V-4
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41 z '12 -, .)Ocbi11 R72, 110n .1

44. Page V-6

45. Pare V-7, Item c.1

46. PaFg-V-8, par. 2

n'h. r h :,r "serv.I(=cý ;:ucle;,.i. bo-ilcrs"sh:.uld hc "norvici" bl:(]lcvs'".
"' ''1'C .re.1.~'o tea r'

0.1-c C , t]2! f.(i f Oj I

u 110 cui ' I oil

0 s ct to recent oh *- of

a n*A abi 1, .

a 11l'.bi ly R e 1'~uc, = r ,i i h t i'I b c
n, r.:d tO c : ]tn~r :th 1ýc;]rý ?]i .!•o. !

Fjr,iriroli-:i,]Qt, t] ]PLe Rep(' t z•]{ •nci e itCo:
Analys]s June lc7; S. plemet I
8/73, DTt. 90-3) for u:- ted
d(1uncent on thec superheater an.!

assoclate,.' nadCa'ce boiler inst,- a]l. ten.
Thcre are a total oT seven sc•.t~cnriry
combustion insta'lat<ons' inolu c in
the sup'er'ea ter.

Wn do n,,lt object to a co7'na-iEs,;:1 of
em;issions, to standards for ncýý! sta-
tihonary sources but w-! 'trun'-ly
ohiect to ,'O- , of the fact tiat
tbhc- _- cv I nothe , tn~ arb:ee not 'p!-be
to the hiij:1a~i' p].ate. Also,
the .055 lbs/!o' 01;11 and 28% figures
for particulao es are inconsistent.

All thermal calculations should be
revised to reflect the lcenae re-
cuest values, e 2.e. th-ee unit heat
-load of 15.2' ,-ý BT'/hs:-, and
temperature rise of 1i S°Y. "

The. statement '-iven on pa5,e V-l8,
wh.ch follows,

"In addltion, the limit of '. 50P
during Jouly through SePteorber is
waived for the. estuar0n-c portion

- of the Hudson River, because of
the thermial monitorn.,- studies
bein-, casrried out in the estuary."

is misleadin' as written. The actu:]
statement taeen fro':i the roe''co-mended
thermal cri.eria' as deter'ined by
the Federal Thermal Task eorce in
their report of -November 1971, is as
follows,

"Because of the- studies that have
been made on the estuarial nortion
-of the Hudson River the need for
limiting the temsnerature rise here
during July through Seotcmber to
-1.50P is waived and the conditions
srecified for October through.
June wil-l be permitted year-round."

47. Page IT-9 to V-18

13 -

The combination of values o4 the
disoersion coefficient (F) heat trans-
fer coefficient (") and fresh water
flow (QO) selected by the Staff are -
in many cases unrealistic. For
example, the Staff selected a K of
go BrTU/sq ft°F with a Q of 4000 cfs.
Aoplicant's remarit3 on this combina-
tion of a winter K with a typical
summer Qf are presented in (a)
"Additional Testimony of John P. Lawler,
Ph.D.-.Quirk, Lawlcr and Matusky
Engineers on the Cumulative Effects
of Bowline, Roseton and Indian Point
Generating Station on the Hudson
River," March 30, 1972 and (b) "A
response by Jchn - . Lawler, Ph.D.,
Quirk, Laler ad 'a1,us-y Eingineera
on Additional Information "equested
by the Staff on the Temoerature
Distribution Section in our March 30,
1973 Testimony ..... , "Aoril 20, 1973.
Staff apparaenly refuses to recognize
current progress and state of the art
in evaluatingi K, (see Table 2 in
(b) above), where values in excess of
200 are presented for summertime
conditions. 'faa Sae: selection of
values less than !' -or a dispersion
coefficient is also quite unrealistic
for the freshwater flows selected.

The Staff's remarks "...applicant's
difficulties to maintain 10 fps
discharge velocity at all times
due to leakage around the discharge
ports" and inferences from these
remarks are incorrect because
(a)the leaks have been fixed and
(b) the leaks were of such a nature
that difficulty in attaining 10 fps
was a problem only at low flows
(i.e., I.P. 1 alone). One should
note that because of the small
thermal load-of Unit 1, a minimal
velocity would provide the required
dilution.

Commenting only on the computational
technique employed by the Staff, and
not on the validity of the parameters
selected, the Staff's employment of

48. Page V-9 par. 2

49. Page V-12, and V-13, Table V-1
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the recirculation factor is incorrect.
The area averare temperatures is not
denendent on recirculation, but only
on the dispersion coefficient (E),
thermal stratification factor (TSP),
heat exchange (or transfer) coefficient
(K), frcsh water flow (Qr), plant heat
rejection rate (H),'and river .geometry.
Employinethe nomenclature used by
the Staff (FES I.P. 2 p. 111-27),.
the average temperature, TA'is:

- H
TA -

10C PA.

Recirculation affects the spatial
temperature distributions across
the river, but not the area average
value.

The 100,000 gpm necessary for
dilution of chemical wastes during
outages is not necessarily service
water, but water for any use,
including condenser cooling water.

First sentence should read:"The
standard chemicals utilized in the

primary system are lithium
hydroxide and boric acid." Hydrazine
is used not in the primary, but
in the secondary system.

Add 'lithium" after"2.2 ppm."1

Add "lithium hydroxide" after
"lb/day."

See Table attached as Exhibit A.

Table V-3 serves no purpose and
should be deleted.

54. Page V-22

55. Page V-22, Section 2

50. Page V-19 par. 2

51. Page V-19, Section 2.a(1)

52. Page V-20, Table V -2

53. Page V-21

Paragraph on potassium chromate In
"Primary System" should be removed
and added to section on "Auxiliary
Systems" since potassium chromate Is
not used in the-primary system.

Ist par., second sentence should
read: In Unit No. 3 the maximum
phosphate concentraton will not
exceed 80 ppm. At a maximum
expected discharge rate of 40
gpm, the expected maximum sustained.
release is 38 lbs/day from Unit No.2.
or 3,and 15 lbs/day for. Unit No. 1.

The reference to the blowdown
intertie should be deleted. This

.intertia will not be used for.
"chemical treatment."'

2nd paragraph, second sentence should
read: The expected maximum flow
rate is 40 gpm, and the expected

sustained release is 1 (2) lb/day

during normal operation.

3rd paragraph, lst line: "neither

and or morpholine'! should be deleted.

2nd line: add "not" before "exceed"

"maximum" should be "expected"
and "200 gpm" should be "40 gpm"

4th line: ."12 (24) lb/day" should
be "2.4 (4.8) lb/day.."

6th line: "either amine" should
be deleted

2nd paragraph 3rd line: "excess"
should be "spent"

14th line: . "clean" should be
"treat"

3rd paragraph - line ten: "discharge"
should be "use"

The last sentence should be deleted.
The blowdown from the flash
evaporator containing the spent
sulfuric acid (pH 7.0 to 8.5) is
discharged directly to the circulating
water.

56. Page V-23 1st line:

1-61



- 16 -_

62. Page V-27, par. 2, lirne 6

63. Page V-28

57. Page V-24

58. - Page V-24, Ist paragraph

2nd paragraph

3rd paragraph

59. Page V-25, Section 2.a(3)

60. Page V-26, section C.2.b

61. Page V-26, section C.3

The following sentence should be
added. "Ho bulk amounts of acids
or basis shall be instantaneously
discharged without prior
neutralization."

4th paragraph - The sentence beginning
"The sulfuric acid..." should be
deleted.

This page should note that the
neutralization facility presently
under construction will neutralize
all acids and bases from the site
demineralization facility.

The sentence beginning, "Thus a
total of 1410..." should be deleted.
960 lbs/day of sulfuric acid of
this total is not released as
sulfuric acid but as a neutralized
salt solution.

The last sentence should be deleted
and the following substituted:
"T"he spent soda-ash solution is
neutralized prior to discharge.

The following sentence should be
added: "Sears biodegradable
detergent will also be used."

In lines 6 and 13, "as C12:: should
be "as available chlorine.

In the last line, change "40°F"
to "45°F."

Applicant does not intent to
chlorinate effluents from the
sewage treatment facility.

The sentence "thus about 23% of the
tidal water is-used by the once
through cooling system" is incorrect
for it suggests the plant uses 0.23 x
178,000 cfs or 40,000 cfs. Actual
plant usage is 4585 Cf3.

64. Page V-28, Section C.4

65. Page V-29 to V-37

66. Page V-29, Item a.
impingement, par. 2

67. Pagd V-30, par. 1

68. Page V-30, par. 2

17 -

change "450,000 gp2" to "450,000
grd."ý

The DES should nob that the thermal
discharges will 'benfit navigation in
the winter by reducing ice conditions
and will extend the growing season
for aquatic biota.: If the DES is to
represent analysis of: all environmental
impacts, favorable ones should be
noted as well as unfavorable ones.

No one swims in the area of the
discharge structure. The reference
.to this activity should be deleted.

The definitions and values for
approach and intake velocities are
not consistent throughout this
discussion and should be made
consistent.

Alterations of the physical
structures surrounding the intakes
were effective at reducing impinge-
ment. Removal..of sheet piling
and fixed screens eliminated the
trapping effect and enlarging the,
intake openings reduced Phe
intake velocity.

Statement concerning fixed screens
contradicts statement on V-29 that
changes in physical structures
surrounding the intakes did not
reduce impingement:

Statement that fish count data
from 1967 to 1969 were "not
included" implies it is available
but not supplied. Count data for
this time does not exist.

The statement that the impingement
was simply shifted from the travelling
screens to the fixed screens is not
Justified. Observations and data
make it clear that the installation
of fixed screens at the'mouths of the
intake forebays has reduced the
impingement problem.
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69. Page V-30, par; 3

70. Page V-31

71. Page V-31

72. Page V-31, par. 3

73. Page V-31, par. 4

74. Page V-33, par. 2

75. Page V-ý1, par. 2

76. Page V-32, Fig V-4

The meaning of the last sentence is
not clear. An example of Staffs'
bias is that, after d~scussing in
detail the periods for which accurate
impingement data are unavailable,
the Staff fails to mention the period
subzequent to December 1970 during
which time detailed records have been
kept of numbers, size and species of
all fish collected on the intake
screens.

Throughout this discussion of fish
impingement, the Staff assumes that
any plant-induced mortality is an
environmental cost. This constitutes
an application of the "as low as
practicable'! philosophy, which has not
been made applicable to environmental
matters by any law. This mortality
does not properly constitute an environ-
mental cost unless there is an impact
on total populations in the river,
which has not yet been established
and cannot be properly assumed.

Impingement data site December 1970
should be included.
Winter water temperatures are
commonly at 32

0
F.

Statement that reduced intake
velocity is only effective method I
disagrees with statement on p. V-30
that fixed fine screens are, effective.'

During reduced flow operation
40% is recirculated and 60% is
passed through plant.

Statement that fish are exposed to
velocities up to 2 fps is inconcistent
with velocities given on p. V-33.

Change "Intake Current Velocity" to
"Average VelocityN." Also, add ,the
following footnote: "*Velocity
measurements were made at several loca-
tions throughout the intake bays of
Unit No. 1 prior to fixed-screen
installation and represent average
water velocity in the intake bays, not
velocity through the screens."

77. Page V-33 to V-34

78. Page V-34, par. 1

79. Page V-35, par. 3

80. Page V-36

81. Page V-36, par. 3

In addition to the air bubbler
and reduced flow, the flume study
should also be mentioned. See
conmnent above on p. iv, Item. (I).

Number of species reported (66)
is toohigh. The number should be 44.

Daily countirg actually started in
December 1970.

It should also be noted in this
section on impingement that the
plant may be acting as a scavenger in
impinging only thre less fit members
of fish populations. Evidence clearly
indicates that fish impinged on the
screens have a significantly lower
weight per unit length (up to 30%)
than fish in the river. See the I.P. 3
Environmental Report, Appendix BB,
page 46.

The last sentence provides further
evidence of the one-sided approach
taken by the Staff. Applicant's
biologrists believe that the design
imerovemnents in the ""it No. 3 intake
should result -in lo. mnacement than
at Unit No. 2 but !I.e, unlike the
Staff's discussie• of entrainment,
the Staff seeks operating data
before making a prediction. -

The Staff appears to have overlooked
the fact that the fixed screens at
Unit No. 2 have been replaced by
traveling screens at Unit No. 3
which will be washed automatically
when the head differential exceeds
one foot.

Cause and effect are known. Cause:
intake velocity pulls fish back against
screen. Effect: fish dies. Subtletie:
of the process are unknown.

In order to be accurate after the word
"organisms" on line 4 insert "compen-
satory mechanisms". and at the end of
the paragraph add 

"
as related to the

river populations of the species."

82. Page V-36, par. 4

83. Page V-36, par. 5

84. Page 11-37, section b, par. 1
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85. Page V-37, par. 2

86. Page V-37, par. 3

"Consumption" of passive organisms
is related not only to rate of water
used, but to the mortality of organlsms
withdrawn.

Plant does not act like large
predator even in case of those
organisms killed because it does not
consume them. Rather it returns
them to the river where they are eaten
or decomposed, thus recycled through
the food chain. This earagraph
implies that all entrained organisms
are killed. This is a gross exaggar-
ationý

Statement on relation of combined
plant flow being ecual to volume of
river flow in 2.1 days is very
misleading.

This discussion of plant predation
should be put into perspective by
reference to other farms of predation,
such as commercial and sport fishing.
Biological coenrarisen betw•een plant
predation and remoe>i "` :sport fish
by fishermen should a, described.

Inthe discussion of Arpllcant's
position, reference should be made to
*the contention that the post yolk
sac larvae gradually develop swimming
ability and at 13-16 mm. (approximately
4 weeks old) move to the shoals thus
terminating their planktonic downstream
movement.

The. conclusion of the statements of
Applicant's position should refer to
the fact that Applicant places little..
confidence inthe ability of these
early developmental mathematical
models to-predict biological
effects. Applicant contends that the
traditional scientific empirical.
approach of quantifying aquatic data
before and after plant startup,.while
maintaining detailed data on plant
operations and all other river
variables, is the only scientifically
responsible approach. This view of
-mathematical models is supported by,

89. Pages V-39 to V-46

the Department of the Interior, which
in a letter to the ABC Staff
dated May 10, 1973, stated as follows:

"The combination of fresh water
and tidal flows in the vicinity
of the plant site is a complex
phenomenon which makes modeling
and computation of exnected thermal
effects extremoly difficult and
open to doubt and manipulation.
Only actual measurement of
operational temperatureswill
determine if a different.outfall
design will be needed; . . .".

These pages contain -the discussion
of the biological model in a way
which is contrarv to scientific
anialysis. There is no evidence to
support the concept that the
predicted naercentages of reduction of
striped bass are accurate and the most
that can-be said is that these reduc-
tions may occur depending entirely
on'the'validity of the assumptions that
went into the Staff 1..-,l and the
ability of the more:, reproduce -.

cause and effact on-i, -ime. The DES
does nat rindicstp whetb-r the Staff
has aenlied its model to redict the
difference between the-base line and
the plants in operation at the present
time. Applicant's attempt to use the
Staff model in this manner shoed that
the model completely misrepresented
the present status of bass populations
in the river. Furthermore, at the
bottom of page V-42 there is a dis-
cussion of the reasons the predicted
reductions could be larger. Where is
the corresponding discussion of the
factors that could make the predicted
reductions smaller?

The assumptions used in developing
equation (1) are incorrect. The
assumption of uniform concentration
of organisms through the plant river
segment and the failure to allow for
intake avoidance by entrainable organts
result in unrealistically high oroba-
bilities of entrainment (P ). Also,
the method used by the'Statf in
equation (2) to calculate the effective

87. Page V-38

88. Page V-39

90. Pages V-39 to V-40

1-64



- 22 - - 23 -

91. Page V-4O, par. 1

92. Page V-40 end of par. 3

93. Page V-t1, fig. V-5

94. Page V-42, par. 2

95. Page V-42, par. 3

downstream transport flow (0 ) is
incorrect and yields values 01 this
variable which arc unrealistically
low. When substituted into
equation (1) to calculate the
probability of entrainment these
values of 0 yield even higher and
more unrealTjtic values of PT than
indicated in the above co-ment.
The reason equation (2) yields unreal-
istic values of QTR is that it fails
to account for vertical mixing caused
by density differences and tidal
turbulence. Aodetailed criticism
of the use of this equation by the
Staff can be found. in Con Edisons'
comments- on the Staff's Indian Point
Unit 2 DES. (See I.P. 2 FES, Volume II,
pages 239-263)

The relationship of the assumption
to reality and the sensitivity of the
results to the assumrtion should at
least be set forth in a footnote,
together with a range of results
reflecting other assumptions.

Very doubtful if ar---rulation is
maintained seoely by local reproduction
as implied.

The probability of entrainment (PT)
presented in this figure is unreal-
istically high for the reasons
indicated in the above comment.

Amotican eel is not likely to be
affected because it is relatively un-
available to entrainment and
hardy enough to survive entrainment
in any case.

American shad not likely to be much
affected because shad spawn far up
river.

The Indian Point plants do not
entrain or impinge.a significant
number. of American shad.

The data provided in our October 1973
Report "1973 Hudson River Program,
Fisheries Summary Data, May-July",
supplemented by our December 1973
Report to be released shortly "1973

96. Page V-43

97. Page V-44, par. 2-3 and
Figures V-7 and V-8

98. Page V-47, Table V-4 and
Page V-51

Hudson River Program, Picheries SUMrary
Data,. August-Noveiber", provides
far more accurate and relIable data
and should be used in any analysis of
river populations of young of the
year striped bass.

Are these plots based on 50% or 100%
assumption mortality of entrained
organisms? How would it appear If 50%
were assumed? Do these also assume
no comnensation? The presentation
of a'chart like this, without a clear
identification of assumptions, - 9
is misleading.

The predicted reductions In juveniles
present-ed hare by the Staff are the
result of a math model which, because
of several serious flaws, gives un-
realistically high estimates of plant
entrainment impact. :A detailed "
description of these flaws is.presented
in the comments below on Appendix B
of the DES.

-Most of aeclimati-on temperatures
quoted are far beleo n-,-ier ambient
temperatures at. Ind'in Point;

-therefore,.-upper critical temperatures'
-are also low and not-relevant-to -
conditon described in top paragraph
on-Page V-51. . pagp

As for tomeod,,the small sizes of -

those occur during winter and. late'
spring, in which case upper
critical temperature is far higher :
then pluLe temperature that
would occur at Indian Point.

There is a "curious" absence, of any'
of the abundant New-York University
data on' summertime temperature
tolerance for Hudson River species
in this table.

.Statement that "larval development
-also requires narrow ranges of '
temperature" is taken out of context. -

In stating this, de Sylva was-referring
.to marine species which are much'more
stenothermal than estuarine species .

99. Page V-49
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100. Page V-51 par 1

i01.' Page V-51, par. 3

Thiermal range of metabolic insen-
sitivity undefined. Here Staff
says effects are difficul t to detect.
In section on prieary producers
Staff says effects would to readily
detectable.

Fish and larger invertebrates could
prefer or avoid plume to cause
changes in conposition, but not
micrcrustaceans or algae. In any
case no algae data are referenced in
Table V-4.

No mention of NYU Temperature
Tolerance data on earlier life stages
submitted for Indian Point Unit 2.
See the following:

Rebuttal Testimony of Gerald J. Lauer,
Ph.D., on The Temperature Tolerance
of Striped Bass Eggs and Larvae
Relative to Their Seasonal Occurrence
and Expected Indian Point Plant Dis-
charge Temperature dated February 5,
1973.

Duration of cxeos;ý several hours
is speculative as Sleecid.

Assumption that detrimental effect
would be positively correlated with
extent and volume of 4J and 60
isotherms indicates that those
temperatures increases are detrimental.

This is an unfounded assumption.
There is more foundation for con-
cluding that growth, reproduction
and species diversity would be in-
creased in those areas.

The temperature history of the
Hudson River indicates 900 will be
reached in the Indian Point discharge
the second week in July (see Figure 13
of Feb. 5, 1973,.testimony of John
Lawler "'Expected Water Temperature
at Indian Point During Entrainment
Period").

104. Page V-52, par. 2

105. Page V-52, par. 4

106. Page 52, par. 4

107. Page V-52, par. 5.

102, Page V-51, par I.

108. Page V-53, par. 1

109. Page V-53, par. 1

110. Page V-53, par. 3

Ill. Page V-54

The statement "the probability of
being exposed to aLT of 40F or
greater in moving past Indian Point
is 0.37" and its accompanying
calculation is incorrect.

No basis exists for saying this.
Spawning location may have and probably
does have little to do with tem-
perature.

Raney testified (TR. 5843 and 5983 ff)
that behavior of spawners would not
be altered by a thermal plume.
Merriman reports similal experience.

Thermal attraction will lead fish to
the discharge not the intake.. If
recirculation causes an increase
in.temperature at the intake of
1 - 2 F and the discharge.produces an
incre'ase in temperature'of 150P, there
is no question but that the fish will
be attracted to the discharge rather
than the intake.

In its discussion of fish in the
discharge canal, the Staff has ignored
the fact that the 10 ft/sec veloc~ties
will normally preclude f~sh from
entering the discharge canal.

If indeed the plant induces-spawning
near the plant (and the evidence at
other plants is to the contrary) the
entrainment losses would thereby be
reduced based on the AEC model for
they would move downstream sooner where
they then become free of plant entrain-
ment.

The growth rates would be enhanced
rather than decreased. At no time
will a significant portion of the
Hudson River exceed the preferred
temperature.

Rejection of Dr. Lauer's studies is
unwarranted and further evidence of
the bias in the DES. The criticism
that the pressure studies did not
include turbulence and shear is errone-
ous. Dr. Lsuer's pressure tests were
conducted in a static pressure chamber.

103. Page V-51, par. 3
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112. Page V-54, par. 5

113. Page V-55, Item 3 & V-56

But he also performed a comparison
of intake and discharge mortalities on
passage through the plant, which
necessarily included the synergistic
effects of pressure and the other
relevant variables. But, most
importantly, what does the Staff
substitute for Dr. Lauer's studies?
Sheer speculation. The Staff' has
absolutely no data to support its
discussion on this page, which is no
more than a theoretical possibility.

No data supports statement that
more organisms will be withdrawn with
bubbler screen.

The staterent on D.C. levels ranging
"'from low smer values of 3 ppm to
high winter' values of 11 ppm" appears
to be based on a few data points in
a report of Raytheon Company.

'Since the Staff has previously agreed
that the Raytheon data are probably
erroneous (see RES I.P. 2 Volume I,
page V-13), Applicant falls to under-
stand :,rhy the Staff continues to refer
to these data, particularly without
reference to the evidence of
inaccuracies in the data.

The first T.I. Annual Report,'p. 11-19
(April 1973) shows mean D.O, levels
varying from 5 to 13 ppm. with the
variation from station to station
showing little relation to plant
location, and in many instances being
less than the mean variation from
surface to bottom.

Summary not consistent with pre-
ceeding. In any case, NYU's noAT
operation intake-discharge studies
relate directly to this speculation
and indicated mortality somewhere
between 7 and 39%. Similar range found
atAT up to'11

0
F.

1973 data from noAT operation show
latent effects for larvae collected
from discharge no greater than for
those collected from intake.

115. Page V-56, pe~r. 1 & '3

116. Page V-55, par. 3

117. Page V-58, par. 3

118. Page V-54, par. 2

119. Page V-58, par. 2

- 2 -

Increased metabolism e.g. photo-*
synthesis also, tends to increase D.O.
during the day. Net effect could
be slight elevation of D.O. in day,
slight reduction in D.O. at night in
plume.

An objective report should reflect
that the applicant and other power
companies on the river are continuing
to collect data on the synergistic
effects of passage through condensers
and better information will be

-available by 1976.

Analyses are spurious. D.O. is so
variable from place to place that one
can pick out data from any tio points
and have one be lower than the
other. There were also many occasions
when D.O. in plume was same or higher
than outside plume.

There are no data to supporc statement
of certain damage to gas bladder
due to pressure change.

The first sentence of this paragraph
illusrtrates has the Staff consistently
rejects field dale colieuted by the
Applicant when it does not support
the Staff's speculations. In the
Indian Point 2 proceeding, Applicant
submitted ample data to show that the
impact of plant operations on D.O.
is very small. The Staff also ignores
the fact that the D.O. of the river
at Indian Point has undoubtedly been
affected by the BOD of the Standard
Brands Company and Peekskill sewer
discharges upstream of the plant/

The evidence is all to the contrary wit'
respect to growth rates and D.O.

The absence of any discussion of the
chlorination frequency studies by the
Applicant and the 5 of time chlorina-
tion will be used biases the report.

Organisms were held for 4 days(96 hours

Clarify the first sentence in
item (a). As presently worded, it
is unclear.

114. Page V-55
120. Page V-60, par. 1

121. Page V-61

122. Page V-62, par. 2

123. Page V-62, par. 4
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124. Page V-63, par. I

125. Page V-63, par. 4

126. Page V-64, par. 1

127. Page.V-65, par. 1

128. Page V-70, line 6

129. Page V-71, line 4

130. PageV-72, par. 2

131. Page V-63, par. 6

132. Page V-65, line 9

Inhibition in plume was at about
the level expected based on a
dilution of discharged water at samp-
ling point. This doesn't indicate
damage was taking place in plume.

Although the sensitivity of the
amperometric technique is superior
to that of the ortho-tolidine or
Black-Whittle method of analysis,
for the cdncentrations. which were
found to result in mortality to test
organisms, the sensitivity of the
latter technique was sufficient.

Last sentence is sheer speculation.

The evidence to date at Indian Point
supports a contrary conclusion of no
deleterious effect of chlorine in
the plume.

Should read "1983".

Insert after "years" "by commercial
fishing".

The Staff ignored the potential
for extended growing periods of
certain organisms caused by the
thermal plume and the beneficial con-
sequences it offers. .It is further
evidence of bias to talk about inhibi-
tion of growth during certain portions
of the year without-also mentioning
the stimulation of growth during
greater portions of the year.

Whether or not two of species were
not among most common is irrelevant.

On page V-65 the Regulatory Staff
asserts "....most of the toxic
chlorine components will be in the
thermal plume, which will be spread
out on the surface.", that is, the
thermal discharge from Indian Point
(or any other power plant) induces
thermal stratification in the. Hudson,
with the warn water (i.e., the thermal
plume) on the surface. Therefore,
the thermal stratification factor"
(TSF), defined as the.surface.
average excess temperature divided by

the area average excess temperature
is greater (in fact much greater) than
one. The forer•olna 1'- inconsistent
with the Staff's handling of the
degree of stratification of the thermal
plume in its an.',lysis of theithermal
discharge from Indian Point. The
Staff asserts (page V-9) that their
parametric studies involv'ed "...varying
the values of input parr eters over a
reasonable ranae." Yet in the Staff's
assignment of TSI's, the value of
unity was selected most often (Table
A-1, page A-12, -13, out of 47 cases,
29 (61%) has a TSF of unity; and in
Table A-6, page A-21, out of 8 cases,
6 (75%)'had a value of uno'y.) A
TSF of unity is indicative of a well
mixed effluent, without a surface
plsne. The Applicant has nresented
field data indicating the existence
of TSP's grcaeir than uni-y,- in fact
TSF values of about 20 wure observed
approximately one half mi dcwnstreae a
of the Dams kasrer power plant (Re-
direct-Pebuttal Testimony of John P.
Lawler, Ph.D., Quirk, Ltwlcr and
Matusky Engineers, on the Thermal
Effects of Indian Pcint Coiing Water
on the Hudson -Fbruary 5, 1973).

With regards to the statement
"the probability.... would also be
lessened by chlorination schedules
that coincide with peal, tidal flows

S. ."," the Staff implies that the
chlorine will be diluted, not only
with the freshwater flow, but also
the tidal flow. This is in direct
contradiction to Table V-2, p. V-20,
where the Staff calculated the chlorine
concentration in the Hudson River by
assuming the chlorine diluted was
only with.the freshwater flow.

The Staff indicates that the Applicant
Is conducting a series of bloassays
on the exposure of biota to metals.
This should be deleted since no such
study is being conducted. -It has
been adequately demonstrated by past
investigations that there is no
threat to biota from metal discharges
at Indian Point. (See IP 3 Environ-
mental Report, Appendix Z).

133. Page V-65, line.3

134. Page V-65
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135. Page V-71, pam. 4

136. Page V-7l, par. 5

137. Page V-71, last par.

133. Page V-72, par. 2

139. Page V-72, par. 3

140. Page V-73, par. 1

141. Page V-73, par. 2

142. Page V-73, par.3

143. Page V-74, par. 1

Phytoplankton productivity in the
Hudson is so low that they probably
are much less important than detritus
as food. See Hou!ells & Weaver,
"Study on Phytoplankton at Indian
Point", Proceedings of 2nd Symposium
on' Hudson River Ecology (1969)

First sentence fails to acknowledge
Lauer data whiich shows a not in-
crease In assimilative capacity.
See:

Testimony of Gerald-J. Lauer on
Effects of Elevated Teoaerature
and Entrainment on Hudson River
Biota, April 5, 1972

Why does the Staff refer to other
power plantfs when Lauer has presented
extensive daia from Indian Point?
Unless the data is obtained at Indian
Point, it is essentially irrelevant.
The Staff appears to accept Con
Edison data only when it shows
environmental damage. -

Estimation of complete" "reproductive
kil' is unwarranted because data
show complete kill does not occur.

Dominance by blue-greens in dIscharge
canals occur at temperature near 90°F
and above.

-Much data directly from Indian
Point shows that inhibition will not
occur at maximum plume temperatures.

Speculative. Data from site indicate
that neither of these types of damage
will occur, so neither will secondary
effects listed.

Data which Lauem presented supports
neither the position in the prior
paragraph or in this paragraph.

The York River results are different
with respect to the temperature
associated with change than reported
by Lauer but not in conflict. Con-
flict would exist only if someone
else's data from Indian Point was
different than Lauer's. Data from

142. Page V-74, par. 2

143. Page V-75, par. 2

144. Page V-7G to V-7?

145. Page V-76, par. 1

146. Page V-76, par, 2

Hudson is certainly more relevant to
Hudson than data from York. Also,
quite a number of other references
report data more in agreement with
Hudson River data than with York
River data.

Would it not be more fair to say that
these "changes can be easily detected:
by the sampling program the Applicant
proposes"? As written the implication

.is that the sampling program is not
"proper".

Bottom temperatures are not expected
to exceed 90 0 F. So why include the
implication that they will?

Recent Texas Instruments' studies
indicate that i/somysis is probably
not very important in aquatic
community dynamics near Indian -
Point. This should. be noted here.

Statement on Neomysis is true but
Neomysis is not a microzooplankton
form.

Each Neomsis female can reproduce
only once but the populal-lon probably
produces three generations per year,
only one of. which occurs.when Neomysis
is present as far north as Indian
Point.. Gammaru- produces two or
more generations/year/female, and.
there are almost always gravid femaleE
present during spring, summer and fall

There is no basis for saying they move-
to get to Indian Point from downstrear.
and then stay there. Rather the
Neomysis are probably being continuall
sloshed back and forth and intermixed
longitudinally along the river and."
adjacent coastal waters.bythe tidal-
currents and mixing, at and below the
salt front.

Conclusion completely overlooks the
abundant data that G ammarus not N eo-V.
meals, are the principal.food item

and thus the effect on neomysis (none
of which are removed from the food ,
chain in any case) will probably have
no identifiable deleterious effect on
the recruitment from the nursery. '_

147. Page V-77, par. 1
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148. Page V-77, par. 2

149, Page V-77, par. 1 and 4

150. Page V-78, par. 3

151. Pag-e V-715

152. Page V-79, par.. 1

Maintenance in zone of preferred
salinitty is sperulati:e. NeoMYsi.9
may just avoid fri:th water zo!,C UP
die and sett'l.e out if carried into
it. The species occurs at least to -

Montauk Point to the east and to
Sandy Hook to th2 south, so it lives
in much hi'gher salinity in most of
its regienal range than is present
at Indian Point.

"Unpublished 1972 0YU data indicate
that juvenile om'-' sis are dis-
tributed throughoutG tihe salt 1;a"ter
portion of the estuary, thus disproving
the Staff~s sug.estion that the
Indian Point regio' ay be a nu-,rsery
area for juvenile "i

It is only fair to add at least that
"the Applicant iaeintainso that reduc-
•tions in annual recru i tmnt greater
than 255 caused by tie plant o'.: -ration

will be detected in the course of
the Applicant's study' and in time to
take corrective before the
change becones irreversible".

In farine's there iiould be added the
concusi'on that "in no case ,ill the
effect on neomysis be irreversible".

There is insufficient evidence to
support the supposition that longi-
tudinal distribution is controlled
by temperature. Other influences
such as salinity and hydrology are
probably more important. Also there
is-no basis to suppose that the presena
of the thermal plume from indian Point
will cause a greater proportion of
spawning in the vicinity of Indian
Point.

Evidence clearly indicates that the
progression from planktonic movement
to independent swimming starts at the
post yoke sac stage and by 13 to.16 mm
(about 4 weeks of age) the larvae are
more independent than planktonic and
have also acquired an avoidance
capability, and exhibit a shoreward
and to a lesser extent downstream
migration.

154. page V-17, par. 2.

155. Page V-79, par. 2, last sentence

156. Page V-79 to V-82

The statement than 70 to 90% of the
surviving juveniles had migpatcd past
Indian Point is riot correct. The
data presented in Table B-li only
indicates that 70 to 90% were dis-
tributed below Indian Point. This does
not mean that all of these 70 to 90'
migrated past the plant. Some and
possibly many of the:m were spawned
below the plant and therefore never
passed it..

Our analysis of 1973 data shows that
all spawning does not take place
above Indian Point.

Staff's position on downstream migra-
tion of young striped bass in relation
to entrainment by Indian Point power
plant as developed in V-79 to V-82
is based upon data of very poor scien-
tific quality compared to data now
available from Applicant's ecological
study. These newly, available data
will be further supplemented by addi-
tional studies to be carried out during
1974. Analyses of 1973 studies are
not yet complete but preliminary I.
indications are that previously held
notions aboutstriped bass abundance,
spawning areas, movement of young,
and distribution of nursery areas. are
seriously in error, and that the
more accurate view which will be
available through 1973 and 1974
studies will not support Staff'-s pre-
dictions of extremely high losses due
to entrainment. Furthermore,
Applicant's research program is expecte
to yield empirical estimates of frac-
tion of young striped bass population
entrained, which can be presented free
of the assumptions included in the
models used in Indian Point #2 hearings

Attached are updated charts showing
spatial and temporal distribution
of striped bass eggs and larvae in

1973. These should be substituted
for the charts on page V-80.

153. Page V-79
157. Page V-8O
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158. Page V-81, par. 1

159. Page V-81, par. 2

160. Page V-82, par.: 2

161. Page V-'82, par. 2

162. Page V-83, par. 3

163. Page V-83, par. 3, last line

164. Page V-83 & v-84

165. Page V-83

Add "but in no cese Is the change
expected to be irreversible by 1933".

Although the Applicant has little
confidence in the ability of a math
model to replicate biologic cycles
in the river, it is preparing a third
generation model which will reflect
variations in abundance and life
stage on a real time basis.

Striped bass are known to be
cannibalistic, a form of predation
which is generally density dependent.

The Staff's statement that the major
predator on striped bass is man ignores
the fact that during its early life
stages the striped bass is exposed
to many predatory fish whose impact
on the striped bass population size
can far exceed the impact of man's
fishing.

There are many influences besides
food that effect population density,
some density dependent such as canni-
balism and interspecific predation and
predation and ccncpati for food,
and some density inde,,endan•ent such as
storms, run-off, and ocllution and
fishing intensity which can be either.
The widely observed year class fluc-
tuation of striped bass, which has
been apparent for 40.years, has yet
to be related to a specific cause.

The fecundity is known to increase
naturally as populations decrease.
Thus speculating to the contrary withou
a full discussion of the alternative
would indic-te bias in the analysis.

A definition of a "stable population
size" would help particularly in view
of the known year class fluctuations
of 400% in the Hudson and 300% in
the Mid Atlantic.

All of the discussion on reproduction
strategy leads inescapably to a con-
clusion that short term effects (less
than 10 years) would not be expected
to be irreversible.

166. Page .V--85, par. 2

167. Page V-86

168. Page V-83, par. 2

The Applicant did supply. an estimate
of 55 to 10; contributilon of the
Hudson to the Mid Atlantic (Raney
Tr. 5965 - 5973 and 5985 - 5988)
Presently planned meristic andlelecti-o
pheresis studies are expected to
provide definitive data that will
confirm this hypothesis.

The Staff!s conclusion that the
Hudson is the major contributor to
the Mid-Atlantic striped bass fishery
because 935 of the variability'in
recruitment can be attributed to the
presence of mature fish in the Hudson
is improper. This only demonstrates
that a correlation exists and not
that the Ibd1.on is the major contri-
butor. An analysis was presented.
by the Applicant in the Indian Point
Unit 2 hearings which demonstrated
a similar correlation with the
Chesapeake.

A third analysis between Mid-Atlantic
and combined Hudson/Chesapeake, landings
showed an even higher correlation
than the above two. Also, under c!es
examination in this hearing the Staff
admitted 1) That this method of
analysis could not be used to prove
a hypothesis but only to show that
one cannot be rejected; and 2)IThat
the variations in Mid-Atlantic:and
Hudson landings could very well both
be the results of a third factor such
as climate or fishing effort, rather-
than cause and effect themselves.
This should be noted here in the DES.

The first sentence of par. 2, page
V-83 is misleading on two counts.
First, regulation of a prey population
by factors such as predation or
competition with another species
does not, indeed cannot by definition,
take place independent of the density
of the prey population. Regardless of
whether the process is intra specific
or inter specific, regulation of a
population involves feedback from
its own density. Second, a
population which is regulated by inter
specific factors can compensate for
changes in survivorship of other
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169. Page V-83 to V-84

170. Page V-86 to V-92

individuaJs in the population' (taken
to r"ea dividmn'''V other than those
upon ''nice the inte 'snecif*'! factor
referred ao implnges). Utless the
population has been driven to such a
low level of abundlance that every

,potential compensatory process was
operative, additional mortality
imposed on, say, the juveniles, might
reduce population density to a level
whetre one of the following occurrs:
(a) lower juvenile density triggers
compensatory response in juvenile
stage, (b) lower juvenile density
results in lower adult density and
population stabil'ty at the new,
lower, average density due to Com-
pensatory resnortse of the fishery;
(c) lower juvenile density results in
lower adult density and population
stabilized at the new, low.:er, average
density due to compensatury response
other than the fsshery-possibly an
increase in survival "hen some natural
predator switched from less abundant.
striped bass to other food resources.

Th& last per. of V-83 and first
par. of v-84 receat the mislsadfing
dissociation of nrey population
density from regulation by predation
cited in the first part of the .
preceeding comment here. If predation
is regulating a population (i.e. if
it is a compensatory process) then.it
involves feedback from prey. population
density and ie produces effects
similar (possibly identical) to those
of intraspecific regulation. Applicant
agrees that predation need not be a
regulatory nrocess - that it can be
density independent, or even inversely
density dependent ( depensatory;
creates positive feedback).

Staff analyses on pages V-86 through
V-92 are seriously wrong methodological
and logically and the conclusions
reached are utterly without.substance.

The Staff's failure to even mention
here the many studies that reach a
contrary conclusion which are dis-
cussed in Appendix F is reflection of
bias.

172. Page V-91, par. 3

173. Page V-91, par. 3

174. Page V-95

The Staff's bias is ago1n illustrated
by their continued reference to an
alleged decline in populations of
white perch. Populations, fluctuate
naturally and, by selecting a tem-
porary doenward fluctuation, the Staff
projects a continuing decline. Further
more, the theory that impingement at
Unit N~o. I could have caused the
decline, in 1965-69 is obviously
false because impingmesnt problems
recurred in late 1969 and 1970.
It would appear obvious to an unbiased.
writer that the reduced impingement
in the intervening years was caused
by improvements in the intake structure
design.

Not true that NYU data indicated
decline in white perch between 1965-
1969. The data were too variable to
indicate anything by professional"
interpretation, as already debated
in-Unit 2 hearings.

Contrary-to Staff position in pars-
graphs 1 and 2, page V-95, that
impacts on fish populations of the
drastic proportions predicted by Staff
and intecrvncra can be readily de-
tected through changes in fish -
population parameters measured in the::
ongoing ecological-study. Had - :-
lower impacts been predicted by Staff,
the Applicant's field studies might,
not have been sensitive enough to
detect them. However, the position
taken by Staff has been that impacts
on fish populations will be serious
because they '-till be massive. This "
position is inconsistent with the
view that the ecological studies
underwtay cannot detect the postulated
serious change.

No consideration is given to the
method of haul, the season, the net
size,-or mesh, size, which must be
included in order to avoid possible
bias. For example, if beach seines
in 1969 were taken in areas er times
of low concentrations as compared to
1967, they wouldnecessarily.have a
lower catch-per-unit-effort. The
white perch must be consider-ed a
migratory species in its first year.

175. Page V-92, figure V-15

171. Page V-86
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176. Page V-94

177.. Page V-91, par. 2

178. Page V-95, par. 1

The Applicant holds that the fish
species in the Hudson having zi,:nificant
social valu e are limi'ted ' o st ri- ped
bass and shad. Other aquatic species
are significant to the e-xtent they
are a vital link 1n the food chain of
one of these two species. The evidence
that shad are not impinged and that
young of the year ere spawned and
reared past the first li'e stage of
passively floating planktonic larvae
is clear evsdence of the validity
of the Applicant's conclusion.

More than 1700 megawatts of once throug>
cooling have been added to the lower
Hudson since 1949. Tf that is minor,
then by definition the addition of
Indian Point 2 and 3 must be minor.

We are not trying to determine any
irreversible dsmage in two years.
We do intend to determine if the oper-
ation of the plant will reduce annual
recruitment by the amounts speculated
by the Staff.
We are committed to take the appro-
priate mitigating measure (including
the alternative of the construction
of cooling towers) should such losses
be identified. Thus the last sen-
tence is irrelevant and misleading.

The "general concurrence" in paragraph
(3) is not clear. The preceeding
paragraph on the position of HRFA
contains several points, some
substantive and some unsupported
attacks on the honesty and integrity
of Con Edison and its consultants.
The Final Environmental Statement
should clarify the concurrence, and
the Staff should disassociate itself
from this attack.

The staff again states that the
Applicant must "conclusively demonstrat.
no unacceptable adverse impact on the
fisheries. This standard is not only
contrary to law, but contrary to
scientific method which depends on
statistical significance of
results rather than conclusive
demonstration. Thus, by adopting this
standard, the staff has placed upon
applieantfa burden which is not only

181. Page V-98

182. Page lO00, par. 3

183. Page V-102

illegal but which cannet be achieved
through scientific procedulres. The
Staff certainly cannot "conllusive!ly
demonstrate" its prediction of envlr-
onmental damage.

Objectives 2, 3, 4 in part, and 5
in part, are being pursued by NYU,
not T.I. as indicated.

The Applicant does not intend to use
the striped bass transport model as
the basis for the conclusions to
be drawn from the study. The con-
clusions will be based on the data,not on the mathematical model.

It is simply not true that no baseline
of prior environmental measurements
exists to be used as a control for
new measurements made concurrent with
start up of Indian Point Units 2 and 3.
Significant studies have been carried
out since the mid 19 6

0's. These are
well known to Staff who have used
them to formulate their present positib•r
Applicant has outlined in detail the
continuity for comparative purposes
which exists betw.;een these earlie4
studies and the present dcological
studies.

Staff's allegation that !'the applicant
has formulated his hypothesis in a
way that allows the applicant to
derive benefit from poor experimental
design or careless execution of the
required sampling" is untrue and
completely contradictory to statistical
theory and scientific method. The
choice used in the form of statement
of null hypothesis:

a) is consistent with universally
accepted scientific procedures;

b) does not preclude Applicant, Staff
or intervenors from establishing and
testing. different hypotheses with
data from past and ongoing ecological
studies.

179. Pag& V-97 184. Page V-103, par. 3

180. Page V-97
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c) has not led to exuerinental
or sampling designs in the re-
search nrorram whico are im-
portantly different from those
which would have been employed
had the hypotheses been stated
in a different way;

d) confers absolutely ino benefit
on the applicant from deliberate
or accidental carelessness in
conducting the research pro-
grams;

e) does not in any way preclude
use of the "interval estimation"
approach to statistical analysis
of research data, which approach
aeolicant intends to use along
with the "hypothesis testing"
aoproach in order to provide
the most comolete and under-
standable analysis of research
findings attainable.

Poor experimental design or care-
less execution of samiplinn would
work to great disadvantage of the
Applicant. Greater sample size would
be required to reach satisfactory
levels of precision in the data,
thereby increasing the cost of research.
More important, anything which
increases the sampling variability
of research data widens the confidence
interval around estimates and thereby
admits of a larger probability of
severe environmental impact even if
the point estimates indicate moderate
or no impact.

The first sentence is grossly errone-
ous and is another indication of bias.
The Applicant has never proposed
"research as an alternative to closed
cycle cooling systems".

The estimate of impingement was con-
ditioned heavily. Experience at
Indian Point 2 since making a pro-
jection on Indian Point 1 statistics
indicates impingement rates at 1/10th
of the Indian Point 1 extrapolations.

187. Page V-105, last par:

188. Page V-106

189. Page V-108

190. Page V-lll, fig. V-17

191. Page V-113

192. Page V-117 to V-122

Probability of cntrainment should not
be equated to mortality.

There are considerable data from
studies at the site on many of
thr!se points and experience says the
Staff is wrong or ever- cxaggerates.'
Valid cost-beneoft analysis would
require evalult on of the most
probable level of environmental
effects, rather than the eaximum
possible approach that tue Staff has
taken.

The last sentence makes a factual.
prediction which is not supported
by the precerdi ug analysis, since it
was largely in terms of potential
adverse impacts. Also, the Staff
fails to state how long it would take
to create "irreparable daeage".

The figure is not totally correct.
The corrected version is attached
as Exhibit B.

The Staff estimates steam generator-
blowdown to he 10 gpi. BIowdoeun
rates are, however, expected to be
about 5 gpm per steam generator for
a total continuous blowdown rate of
20 gpm.

There appears to be an inconsistency
concerning monitoring of gaseous
releases. At the bottom of p. V-117
the Staff says that all paths except
turbine hall ventilation air will be
monitored. On p. V-122 they indicate
that the Indian Point Unit No. 1
Blowdown Fil.ch Tank vent releases will
not be monitored. This path will be
monitored indirectly for 1-131 by
sampling and analyzing the liquid blow-
down upstream and downstream of the
flash tank.

In addition, the releases from the
Indian Point Unit No. 3 Blowdown-
Flash Tank vent will not be monitored.
The maximum releases frois this path
will be so low (less than 0.04 Ci/yr)
that monitoring is not considered.
necessary.

,8as. Page V-104, par. 1

186. Page V-105, par. 1
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193. prcs V-122, item 6

194. Paie V-122, item 7

195. Pave V1-6

196. Page VII-I to VII-5

197. Page VII-2, par. 2

198. Page VII-
1

, item b

199. Page VII-5, par. 2, line 3

200. Page VII-5, par. 2

201. Page VIi-5, par. 3

Delete "through th' plant vent".

he sentec:ce start
1 ing wth "ari'l'

t:atment.... should be cnanged to
read "prior to treatment...,i

The Staff states thlat aecidental'
criticality for nea fuel s5hipents is
"impossible for all me rtnf pur-
poses." It is, therefore, ioical
to discuss the hypothetical results
of the impossible accident.

-This discussion of adverse environ-
mental effects which cannot be avoided
is limited to the plant a. presently
designed. Since the AEC Staff is
recomeandie ng the cone.vuct-ioe n 0C
nvusral draft cooling toý.ers, the
adverse effects of these towers should
be discussed in at least equivalent.
detail.

The present version shoitd bhe deleted
and the following substituted: "The
visual impact from some historical
lanidmarks on the west bank of the
Hudson will be different vievinc the
nuclear facilities than the
park previously localed at inditan Poin
The architectural style, buildine :mas-
ing, organizcd site deve'lop'nent, as
well as the appearance of building
materials are estheticaily superior
to most other industrial or corner-
cial facilities situated along the
estuary."

The concept of relating the water
withdrawal rate of. the plant to the
freshwater flow is misleading. It
implies that the plant withdraws only
fresh water, and makes no allowance
for the tidal flows past the plant.

To be consistent with the analysis,
this should read "effects which
might occur would be to the aquatic
6-Ti-ronment . -

More recent data suggest the 3 million
will be substantially reduced.

Chlorination will also be limited to
selected river temperatures and in
frequency. "

202. 111T VI!-7, par. 2

203. Page VII-6

204. Page VII-7

205. Page VII-?, par. 2

206. Page VII-?, par. 3

207. Page VII-7, par. 4

208. Page VII-8, par. 1

209. Page VII-8

210. Page VII-8, Par. 2

Long teri' should be defined. 1othinnhas been p)resented to indicate that
operation of once through cooling
through 1983 can have these effects.

The sentence starting with "The staff
will requir' ... " should be chanced to
read: "The staff will require that,
subject to fccasbility studies, the
total residual chlorine concentration
at the point of discharge into the
Hudson River shall not exceed 0.1 ppm."

In the first pararaplh, the Staff in-
cludes Am.erican shad nmong the species
most likely to be affected by the
plant. Extensive studics hav hn
that American shad is not siGnCfiantlj
affected by eitoor i--mpi-ngement or el-
trsin'.ent by the Indian Point plants.

The fact that phytoplantiton in "uduon
are light-]imited, combined with rel-
atively shcrt exposure time to elevatef
temperature above 3" to 4 op cnr exper-
ience froex other plants, indicates
that effects on phytoplankton will
be slight.

Entire paragraph is speculation not
based on facts.

A similar relationship exists
by this kind of analysis between
Atlantic and Chesapeake landings.

At.issue in this case is the
definition of a few years. The
Staff has provided no analysis to
support the view that from1975 to
1983 is more than a few years.

Among the additional adverse impacts
due to the operation of wet natural -
draft cooling towers, land use effects,
noise and economic impact should be
added.

If mortality of entrained striped bass
50% instead of 100%, then by staff's
own analyses the present once through
system starts to approach the 15% loss
the staff projects for the closed
cycle system. See p. XI-34.
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211. Page VIII-1, Item A, Par.

212. Page VIII-3, Par. 1

213. IX - General. Comments

214. Page XI-1, par. B2

215. Page X-l, par. B2

44 -

Adverse effects on other biota are
only assuamed by Staff and are rnot
supported by data.

"national park area" should be "natural
park area."

The statement "Further ouantification
of long-teen effects seams irroelvant
to the basic o

b
jective of preventing

significant dadlage to the fishery re,
sources of the Hudson RFier" is in-
consistent wzith bhe requirement that
decisiýns be m-de- by: a balancing of
costs and ben fits, which have beer
quantified whenever possible.

Since the S&aff Is peoposing Uhe con-
struction of cooling towers at Indian
Point, this, chapter should include
a discussion of irreversible and irre--
trievable commiteents of resources
resulting from that recommendation.
Such a discussion should properly in-
clude not only the land and materials
required for the towers but also the
irretrievable scenic losses and the.
possible losses caused by the emission
of air pollutants from the towers.

Classifying as irreversible, bio-
species destroyed indicates a lack
of understanding of the definition
of aquatic biosystems.

Add "initially" before "40% of the
Roseton Station Capacity".

Table X-7, the schedule of capacity
additions and retirements, including
dates of initial service or shutdown,
is properly listed. However, the pro-
jected capacity, load and reserve as
a result of these changes improperly
shows capacity which is to be installed
or retired after a given summer cap-
ability period but before the end of
the year as being either added or re-
moved before that susmmer capability
period rather than by the next summer
period. The effect of this error is
to increase the capacity apparently
available in most of the summer cap-
ability periods.

217. Page X-26

218. XI-1 General Comments

In a(d1iion, the folloirng Items
in the table should be chan'rd,
as w..inice, rather th:an 5ue5,t:" ratings
wore glven:

Gas Turbines (location undecided)
Spring 1976 550 I-TW

Cas Turbines (location undecided)
Spring 1977 220 111

The Draft states that Con Edison has
recently announced plans-to build five
1100 MIJ basoload units in the 1980's.
At the present time Con Edison has not
announced specific plans for these
plantts, but rather, has included
preoision in its 20 -year generation
expansion program for such. units to
maintain reserve levels consistent
W-ith our long range load forecast.
If and rher firm plans are made for
any of these units, theyvwill be
specified in future changes .to our
20 year generation expansion program.

'he Benefit/Cost Analysis performed
by the AEC Staff does not consider

-carrying charges in the-dcter:sination
of gericrating costs and incremental -
generating costs with cooling towers•
installed. Accordingly, their analysis
does not reflect the-true revenue .
requirements which will be incurred
by Con Edison if a cooling tower
were installed. Moreover, the AEC Staf
analysis does not consider the cost
of replacement capacity and energy
during plant downtime to allow cut-in
of the cooling tower.* The effect of-
these omissions is to understate the
cost of the cooling tower for Indihn
Point No. 3.

Change "periodically" to ."continu-
ously" and "1400" to "500" feet high.

The adverse salt drift effects are
expected to attack the leaves by
percolation and root absorption.

2]6 . Page X-19

219. Page XI-14, line 12 &.line 21

220. Page XI-14
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221. Page XI--4

222 Page Xi-6

223 Page XI-7 to XI-9.

224. Page xI-14to x1-15

225. Page XI.15

Fncrry con..en-..tson sa-uCct;ts shutting
these- old plants du-.u as soon as possib]
beeau:ýe of the_'- hEighIe rate andl

high it iosher ( dis charce rate per I
kw of± p o -,er gen c-ated.

Since thb, Staff concludes, that It
i- not aeoj.upria't to consider alter-
native types of plants, it is not
apoprp--e to include the discussion
of alteosnativo plants .which follows
that statement.

Costs eatiates for coal and oil
fired units are net represeantative-
of Con Edtson's costs in 'leo York City.
For e-aipie, Astorýia 6-. an 800 .'e,'-
oil-fil:-] unit maiy cost Con Edison
$3)jo/K--,e,

AEC Staff fails to describe and
assess envirosmrnta!a effects of
alternate cooling systems to the same
degree that the AEC Staff assesse s
the damage caused by once-thrcugh
cooling systems," see cossseilts which

. follow.:.

On page XT-15, the Staff referred: to'
a. recent article (Reference 16 of ''
Section XI) on the construction and -'_-
design time requirement for a natural-
draft cooling tower.. The Staff mst-. ,
interpreted the content of this report,
and erroneously implies that construc-

-tion of the system is complete.
.According to Ecodyna Cooling-Products

- division, the designer and.builder,; .
of the 350-foot Ecokel natural draft'.

-tower, the erection of the hyperbolic"
shell structure was indeed completed.
Just over a year after the start of'
foundation work on May 16, 1972. (Site
preparation including any excavation,
land fill, etc. must be completed prior
to foundation construction.) Hodwever,
in order to complete the installation
of all other components, such as water

• distribution systems, cooling fill
and supporting columns,. drift ellm-
inator, etc., the total time require-
yment would be about two and a half
years. As of. November 16, 1973, the'

construction wvork wa still going onand mill not bo. cc-alntcd by the end
of 197;.

This tower was originally designed 'for
KMami Fort Station No * 7, a 500 11e.
fossil plant. But the design .v we
modified to bindle the additional beat .
load from iVnitjo 8, the other 500-
1,1-i!efossll plent. Thq dimensions ofý
the hyperbolic shell itself remains
intact, but the sis.e of the intelrnal.
cooling "fill" section has been doublbdý
to acco.mmodate the higher.heat load.:s>'
FrPom the thermodynamic point of view,
since the cooling air flow rate could
hot possibly be doubled without Increas-
Jng the tow:er diastcr, the tow-er
"approach" must be iocreased for
closed-cycle operation. This would. "
Increase the turbine back pressure,"...
which in turn would increasec the tux'.
bine derating. ' ' -

Therefore_ coniparing the present .single::
tower design to a hopothleticatwo-
tower system for the two 500 Mt-c units.
the former system will cauehlgher
turbine durkaLilg drinp•,thte entiror
service life of the coolipg uo'-e.. -- .
The• add*itonal t-increme nt al: generating"
cost, due to higher denating might-not'
be 'compensated by the loiter.initiali•
construction cost.

The 'statement that wet'.to•ers haveýý-
minimal impact cannot beasupported- ..
by data and should be deleted.

The discussion.of dry cooling towers -

fails to mention that such towers :
cannot operate under all conditions,--

"with the existing turbine generator.,

The-AEC Staff does not lack land or
location requirements., They toured.-,
.the site 'and have access to detailed
plot plans.

The'Staff-states that a natural draft.
.tower would extend more than 350 feet'
above surrounding vegetation. It,
would be more -accurate to state "more
than 500 feet"...

226. Page xi-16

227. Page XI-18

228. Page XI-19
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The statement "...noise levels out-
side the immediate perimeter of the
towrers usually do not exceed back-
ground levels" is unfounded. The
estimate of 50 dB (A) at 2500 feet -"
can be Interpolated to 80 dB (A) at
80 feet. This estimate is in substan-
tial agreement with actual field data,
taken by Ostergaard Associates, for
Con Edison. These preliminary data..
range from 83-99 dB (A) at the tower
rim.to 75-80-dB (A) at 80 feet, to

-an average of 54 dB (A) at 1000 feet.
It is certainly reasonable to suggest::
.that natural draft coolin7 tower
noise emissions williexceed-background."
(sound) levels.

Concerning the statement ".. -the
-appli6ant'.s information iuggests that'-
.sound levels attributable to the
towers will be exceeded by those gen-':

.crated by vehicular traffic along ":`.
Broadway,. which exceed 60 dB (A) more
than 50% ofthe time.._.," the applicant~i
agrees, that the noise primarily gen-.
crated by traffic'along Broadway ex-
c6eeds 60 dB (A-) more than 50% -of the
time.

However, this statement is valid for.
only the increment of time during ..
which community (traffic) sound levels'
were measured. These measurerMsts -•.
along Broadway were taken during . .,' .
daytime and were, at best -one hour in'
duration. It is more appropriate, to
-compare cooling tower-noise emissions'L):[
to the(background) sound levels - .-
that exist more than 90% (L9 0 ) of this..•
time, especially during the quieter-
nighttime hours_..XData taken-near
-Broadway during nighttime (ER, IP-3
.Section 22, page 4.2-2, 4 .2-5: Point61)
Indicate background sound levels.
(L 0 ) below 40.dBz,(A). Additionallyc,,r
this nighttime data indicates that
community noise exceeded a- levelof.
-'only-40 dB (A) more than.50%-0f the. -

time. ",.

The additive effect of'the operation
of natural-draft cooling towers was ".

,not estimated. It can be reasonably
anticipated that approximately 53 dB"(A'
(average) at 2500 feet will result from.
the.operation of two natural-draft . " .

towers of similar size, for both Units
2 and 3

The directional aspects of noLse from
large complexes of mechanical draft
towers must not-be overeetimated, af
cell units are placed mostly in_ -.
series and the cascd surface ai6a is
relatively small. The louvered faces
of such coiplexen, both for Unit -To. 2
and 3, would substantially face the
nearby cosmunity. The approximate
sound-level, at 5000 feet, from the
operation of two complexes would be
63 dB (A).

Ac stated in the DES "...mechmnical-
draft towers for Unit No. 3 will- pro-
duce a sound level of 50 dB (A) at a
distance of. 5000 feet...". Estimated.
sound levels of 50 dB (A) at.5000 feet
can be interpolated to 66 dB (A-) at -
the Broadway property line. This sug-
gests that some of the 745 residents.-,
will be exposed to sound- levels as -
high as 66 dB (A), which according to&-
the proposed IUD criteria are "clearly
unacceptable'.

The applicant recognizes the poten-
tial detrimental sound -impact' due to -

the operation and construction of
either natural-draft or mechanical-
draft cooling towers. A study
undertaken by an independent acous-
tical consultant will examine the ex-
isting day and nighttime community
sound levels and estimate -the intru- •
sion and subsequent environmental costs
caused by the operation and construc-
tion of these alternate cooling sys-
tems.

The results of salt deposition stud-
ies mentioned for'the Forked River
plant are not applicable to Indian
Point because of the different types.
of flora existing in and near the
Indian Point site..

229. Page.XI-21
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,l30 -Pape XI-21 Line 3-7

231! Pame X1-21 Linies. 9-14

Reference is made to the fact that
water containirg 6110 to 1280 ppmr of
total salts is suitable2 for suaple-
mental irrigation of plants having
low salt tolerance. The conclusion
drawn from this point, that drift
deposition from cooling towers is
unlikely to caude vegetative damage,
is faulty. The amount of vegetative
damage due to salt to a particular
plant is different, depending ueon
whether the salt is taken in through
the roots or impact on the leaf
directly. The reference in question
deals only with vegetative damage by
means of root uptake and not vrith
direct leaf impaction.

Reference isnmade to 4he Forked
River Nuclear Station Unit 1 Natural
Draft Salt Water Cooling Tower studv-.
entitled Assessment: of Environmental.-
Effects, which "sug.ests that average
nearground concentrations of drift
-salts are a factor of 40 to 100
below levels knowh to affect the
general vigor2 and distribution of
plants (i.e.,* 0.23 to 0.1 ug/ri).
The species of plants used to make
this assumption are species ndigdenous
.to the Forked River 'area which is in

- an area in clos'e proximity to a: .

large salt aerosol source (i.e., the
Atlantic Ocean). Those indigenous
species in order to survive must
be.salt resistant. The Indian Point
*area is not.as close to such a salt,'
aerosol source and the vegetative
species indigenous to the natural
ecosystem have not had to be as salt,
resistant *to survive. Therefore,
conclusions drawn from the Forked
River Study concerning plant suscep-.
tibility may not hold ture for the.'
Indian Point site.

It should also be noted that on page
39 af the Forked River Study the
statement is made, " Experiments
* indicated there was also variable
response of individual plants within
the same soecies." This particular

statement showsi that plant resptnse
is not clearly defined, and prelima
inary'reuitult of Our Boycc Thompson
study fare showing that the relativ4
susce tibliti•es of plants to salt.
aerosols are mor e complex than
previbusly assumed.

Existing data on plant susceptibility
very often does not account for'chatges
in temperature, relative humidilty,,
degree of light and size of the salt
particle. All of these fIcturs are:

being-sho.n to be important paramehers
.in the determination of plant sus-|,
ceptibility.

The effects of salt spray on vege-:
tation indigenous to the Indian Poont
.area can only be known by empiricaI-
methods given the poor reproducibillity.
of existing and past data. Empirical
results- in this area are now being per--
.formed by the Boyce -Thompson Institute
-for ConEdlson and it would be prema-
ture to make conclusions without this
specific empirical data-.

It is stated that, "In practice, it
becomes quite difficult to se-ara-e
vegetation damage related to folMr
deposition from that caused by uptake
of salts from soil solution This
is an erroneous statement as a con-
trolled experiment has been designed
and is being carried out by Boyce
Thompson for Con Edison to estimate
the risk of vegetative injury related
to only foliar deposition of a salt
aeroasol of cooling tower origin.

The figure."319,000 gpm" should be
"318,000 gpa".

Probability of entrainment cannot be
assumed equivalent to loss. All
phytdplankton and zooplankton entrained
into closed cycle cooling systems will
be killed compared to essentially no
phytoplankton and variable percentages
of zooplankton in once-through, except
during chlorination when high mor-

-tality is expected...

232. Page XI-22 Lines 32-34

233. Page XI-29

234. Page XI-32, par. 1
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235. Page XI-26, par. 1

236. Page XI-31, Table XI-6

237. Page XI-31

238. Page XI-32, par. 2

239• Page XI-34 to XI-37

240. Pages XI-3M to XI-37

If' the effects of other water users
are to be combined in determining a.
need to mitigate damage,: then alter-
pate raitigating. measures, by all users-
including fishermen should be con-
sidered in any I.!EP4 balencning of
alternatives and in the selection of
the alternative that maximizes pub-
lic benefit at minimum public cost.

This table erroneously equates plant
mortality with environmental costs
when the effect .on the populations of
socially significant species should
be a measure of the costs, or to be
more precise, of the reduction in
income from commercial fishing and
the loss of recreation days.

It is erroneous in a cost-benefit
analysis to indicate impingement losses
as an environmental cost without anyv;:<.
relationshe, p to. toal fish populatiofsn',"
of the rive. If'ismp nZneen.t at t.. .
plant has no in, pant on the total fish':"
populations of the river, as may
well be the case, then the.environe .
mental costof impingement is zero.

Projection for all'other fish
species is unfounded since many
species are not subject to entrain-
ment.

It is not clear that the portions
of these tables and figures designated'
"50% mortality" only assume 50'.. .--%.-
mortality for the plants with open-ý, .
cycle cooling. The plants with closed-,.
cycle cooling should of course com-
pute 100' mortality in all cases.

Although these charts and tables
indicate results of the base design
at 60% flow, alternative A is analyzed
only at full flow. If alternative A.
were adopted, Con Edison would oper-
ate Units Nos. 1 and 3 with reduced
flow during the cold portions of the
year. Accordingly, alternative A
should be reanalyzed with reduced -

241. Page XI-35,.Table XI-8

242. Page XI-38

flow ora reduced flow anaýts.-
should be added to alternatliv A&i'"
these charts and tables.

Table should be revisedtwref
50% mortality for once-throu..
cooling and 100% for elosed-ceylei.
in all cases. The comparable fikur
should similarly be modified•.,

The assumption by the Staff that
biological damage is proportionalitt•:
the volume of water within a speeied
isotherm (i.e. 4OF and 60F isotherm).
is improper because it fails to ;z'.:consider: . : ":::°

.1) 'that. the critical isotborm-ýul.
probably. vary forodifferent,.
ipecies-at different life staes,
and seasons of the year. .:A

2) that the time of,exposuare'toN
Increas4d temperature greatly
affects the occurrence df..
biological damage...

.. 3) that the distribution of organism
In the river is non-uniform

4) that some organisms can uzeA.their motive ability to.'avold,'

entering the pl ume.
The Staff's assumption that there.
will be a reduction in.DO. in'thbe&
plume is probably not valid since theaeration effect' of water turbulence¶<-
along with-oxygen production
from phytoplankton should-offset:
any..oxygen consumed by increased,metabolism of oxygen consumers.

Table XI-10 gives, for the base deo-
sign at 100Za vol- of 66.00D'ft3
of water inside the 4 P excess tem-
perature isotherm. If this excess
isotherm wasconcentrated at the.plane
of discharge. (where the cross _.
sectional area is approximately.
160,000 ft 2

, the width of this ISo-
therm is approximately ('66,000/160,000)
0.41 ft. Or, if one uses.the width
of the discharge structure' (250 ft)

staff:determined Its number-of 66,600.ft 3

243. Page XI-39 and XI-40
Table XI-10 and XI-11

• This is-apparently how the
.(see page A-10, Table A-3)
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244. Page XI-41

245. Page XI-45

and assumes all the heat is concen-
trated in this rceion, the corPQ:QZPOii-
ing crol:s-se'ctioal area i,. (66,600/
250) 2(0 ft

2
, 1hich i (210/160,000)

= 0.16% of the Ri'er cross :sectional
area. This doen not even approach
the values prenenr cd by the staff
in table a-l.

Table I-11' presonts" for the distance
along the river where the excess
temperature exceceds r Ja value of
15 miles (base case, 100% flo). If
one coe--ines this value with the
volume ,ve:-.-onted in Table 0
66,600 ft3 (see above)6 one gets an
avcxaj-e \i4th 0 tlt 4 isoter of
(66,600/)5x5, 280) 0.35 ft. This
suggests al extremely thin rihbon
for the 4pa excess isothermi which w'ould
not contravene the-state criteria.

The Staff suggested that the blo-
down could be held ua to alowe sun-
light to decorpose excess residual
cblorin., prier to discharge to the
river (page XI-41). This is not a
practical method'for Indian Point.

The Staff's figure of 15,000,000
juveniles .7hich would have to be
replaced by a hatchery is not consis-
tent with table XI-8 which presents
the results of the Staff's entrain-
ment model for Indian Point Units 1,

.2, and 3. This table shows a maxlimu
reduction in juveniles caused by

Indian Point of 7,500,000 (13,500,000
baseline population minus 6,000,000
if plants are operated). Average
population reductions shoe.en in this
table are 5,5003,000 fish (assuming
100% entrai'nm'ent mortality) and
3,700,000 fish (assuming 53% entrain-
ment mortality). Mot only does the
15,000,000 figure cited by the Staff
far exceed these figures, it even
exceeds the 13,900,000 maximum base-
line population predicted by the Staff'"
model if there were no plants operating.

Also, unpublished verbal communication
from the 21 state and federal rearing
facilities using striped bass fur-
nished by Monck's Corner indicates

that in 1973 a composite survival of
9% from egg to fingerling size was

245. Page XI-46, par. 1

'247. Page XI-46, par. (VI) 2,
last sentence

248. Page XI-46

24_. Page XI-47, last par.

250. Page XI-49

obt"i no-' In light of thI the.Lrvivat a-t• ' -3 ,b the Staff
is too lo.

Ide c"me--nd the Staff for this
connicuston amd ui-" ij be a basic
for ouu'cari the. Applicant to com-
ple'"te 1 report it a n1udy bcfore
iv!pozinge the r- t burden of'
clos'-d--cy'se coali.ng on our customers.

•Here tha Staff a"ain nista1:enly
deals in the priceles. value of one
food source and recreational eper-
ience contrary to 'EPA and Federal
Policy as set forth in Senate Document
97.

The Staff state- that the hatchery
prog-am would b; a e'evns to mitigate
dama'te dune to the. tripedabass fish-
cry during in lant
If this is accepta-le -s a mitigation
measure, it. would seem that operation
with the once-throee- cooling system
could bn allo;:ed un-il sufficient
dats is obtained to reach better ,n-
vlronmuntal dcc'sicns.

We agree with the Denartnent of
Interior (see co-"ent on p. V-39)
concerning the doubtful results of
mathematical models relating to
thermal plumes and sug-est that the
doubts increase geomrtrically as -
uncertainties of life systems are
added. One must thus conclude that
the probability of the results of a
biomodel at this stage of develop-
ment can be accepted with confidence.
only suggests that confidence is
misplaced.

The Staff has taken information on
costs for a single tower at Unit No. 2
from the Environmental Report for ..
Unit No.. 2 instead of the more recent
analysis presented in the testimony
of Carl L. Newman dated April 9, 1973,
in the Unit No. 2 licensing proceeding.
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251.*1>p X(- 50, line-a 3-7-

252. Page XI-sU

253. Page XI-51

2541. Page XI-51, Item E., Par. 1

255. Page XI-51, Par. 2

T'hý Sta'ff shou0,d indi cate 1.h!atstshuld b5trCt to 'i'niml '0

drift J
deos~ition.

The '1 0-foot ' et er ocon ica- to e, is
fully opn 'ati o:l at t time

Thie fC1 ue stud'y should also be me-n-
tioned here.

The channel walls 'at Unit 3 do not
have open-n2s at the tottoa to allow
lateral iaoveu Oent of fish. T"e channel
walls do not e tend b--yend the travel-
ling scre-c'as. Late ral f7- edOho i -
provided b" placing the 4' -vel ing
scre-ens at th' riv

0
r'- c-.-1d by

placing the ba- r&Cls On pillarS
which do not obsvrt3t the flow.

Tie'0.5 ft/sec, approach velocity is
for.the area 'ire3o -Y in front of the
travellin" sctiens, not the trash
bar rac-:s.

Present plans call foe reduction of
flow ratc by con"truction of a recir-
culatlon looo as nsas ahe at Indian
Point 2, rather than by two-spekd purqps.

The velocities for the cooccon intake.
structure are designed as-0.5 ft/sce.
in summer and 0.3 ft/se. in winter
and would be "less" only if one of
the units were down.

Staff states that no method of fish
protection was effective except for
the air bubble curtain. This is in
disaglreement with a previous statement
that reduced flow was reducing fish
impingement.

Con Edison now estimates the cost of
installing the common intake struc-
ture at $18 million.

Computation of "regional product"
substantially underestimates the pro-
duct. The calculation is based on
the number of households in Applicant's
service area. This ignores the fact
that Con Edison's service area is
probably responsible for a large part

260. Page XI-57

of the regioral incorne of ':'rromn'-i','

are ccnside'-reCd to c, on
the '.x!,ipcd ba:;rs popela;'ion o the
New -"•!and Con"t and th1, '''I-

Atlanr.;.c, cert-ain-y 'he calculation
of ben fi'ts fr"m th' plant shobI!d
inclue cc e %nd-r'ation of im0act on
the surrouncdir,:c . cc- uni':ias. Also,
no valid e cae c'"ears for o"ritt'ne
the incr"me multi'lioer rei'ored to In
the last sentence of this setion.
And finally, tha pror- e'a' of the
regionsrl pod-ct to Unit N o. 3 was
base] (in percont of futurer generatin
capaci'y (,) instead of' future ge-
e' a ti 5.' The r(suit o0- corrcti';
all th'se errors i:ou d be ', 'nuber cc".-
siderably highe-,r thb'n $2.1 billion.

The employmennt is incorrect for the
same reasons thi in product is
wrocc- (see bovae cu-•ncnt on Page "
XI-56).

Kerosene should be noted as being
0.05% sulfur, not 0.5% sulfur.

As stated, a re:.ccstioin in ateosphcrir
emissions will inprove air quality.
However, with the latest cooling
tower dcsign, the 83 1-,N'(c) derating
would have to be made up using fossil-
fueled plants.

Since the AEC Staff is recomimending
installation of wet natural draft
cooling towers, this table should in-
clude a statement of the environsmental
damage from salt drift.

The calculations for generating costs
are grossly underestimated. The
major omission is that of cost of
capital. The Staff apparently assumes
that money to construct tooling tow-
ers will be made available to Con
Edison without charge. This is highly
erroneous. In Con Edison's testi-
mony in the Indian Point 2 proceeding,
a composite cost of capital of 8-3/4
percent was used in ordcr to comply
with AEC guidelines then in existence,
but Coni Edison's actual costs are highe.
recently estimated at 9.375 percent.
This figure is undergoing upward
revision to reflect recent increases
in the cost of capital.

256. Page XI-51, Par. 4

257. Page XI-52, Par. 2

258. Page XI-52

259. Page XI-56

261. -Page XI-58

262.. Page XI-59
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'phi-,:
I!) T t ;on , t!I Q c:. c1.1 ct 11on is

e-'0''e"-us for thc feloL'. r, reasons:

a. T!,: 'f o0i- ttcd the cost of
r 5 fo•L '2;nt (doan-
time 6!`n"'• 'i!!i O-l -of

th g r Tao Staff
a s.-:u'.S the cut-in co, Id b-c aco!.-
plis' ic .wit0 ul_ do :L. This
assu,-->torn has no fourAciation in
fact.

b. Thb Staff aortcbed.the cost of
the coo]in" .to.er systetoo orcc the
30-year life of' the plant. This
does net t c:,_, into acoount the
foat that the plcnt ý;i!!! probab-
ly operate f. n app.,,:::.:.jtcly five
y'ý?rs Vih :[ , Co-Cliný otý
systen:. Acodngy .e cool-:at
tower -ystc- shocuad be depreciated
over 25 years.

c. The Staff ad1i;ttdly failed to
include taxes for no apparent
reason. Taevn aoce real (spenses
and. recognized as such by all
accounting authorities.

The present value and annuallsed
gcnera]i n- costs a"e"wrong for the

above reasons.

Staff should arovide method for esti-
mating nuiobers and weight of fish
impinged with various alternatives.

The AEC Staff does not evaluate the
damaging devaluation which will
result to neighboring property from
alternative cooling system require-
ments.

The Staff should state why 1981 or
1983 would not be suitable as alter-
natives to 1978 as target dates for
operation of cooling towers at Indian
Point, especially since during interim
operation the applicant would take
all practicable steps to minimize any
adverse impact of the plant.

Delete "and trash racks;" No fish
are impinged on trash racks.

(!) PA pendix a

(2) Page A-lI, Item (3)

(3) Page A-18, 19

St s a •ly -s of ther:a]l, inmpct
foP ty ,,ui -: bas>:: on
th, ]jm"" ra-:tcd Po- Unit 3,
no. the plnt':, maxiu: calculated
ceene cty.

Scc - -tc c-n!:.g pa52:s V-9 to
v-. f, onl the 1--.ff's

seecio 0n o- para-eters for model.

Co oi h,`tf's ,'.nayses
have 'h prevci'iusy proes'ented by
Applican t. (diin'l ecstiaony of
john Lawler, Ph. D., on tha cum:o..u-
ative- Effcets of Bowline, Roseton
and Ind- an 'oint aer nStaio
on the 0 ;s.sow ' RiVe- h SQ 1073
and yJin,
Ph. D., o Ad±itional 1010

Requasted by tie staff on the
Tcasernt:r-e Section in or P.1arch 30,
197ý3, Teei-,nony... ," Appril 2, 19731).
Reoiteratinj the salient points:

a. The instantaneou s water' velocity
profile presented by the staff

t
U(t) = Uf + U a.5 sin(-d)

263. Page XI-67

264. Page XI-67, Item (1)

265. Page XI-69

266. Page XI-70

267. Page XI-73, item d (2)

where:

Uf = freshsater velocity
U(t) instantaneous water

velocity
Umax = maxi-um tidal velocity
Td = tidal period
t = time

is incorrect, for it ignores the
phase lag along the river, i.e.,

the time of macisum velocity is
differe:i, at, for example,
Bowline and Roseton

5 
plants.

b. The Staff's analyses ignores the

presence of thermal stratification
(i.e., plume buoyancy) in its

model, by employing a thermal
stratification factor of unity.

*In its simplest case, the time of ebb and flood varies along the river
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f-nra.:.

(I) Pl:Lec B-l1 to B-1:0

(2) Pages E-1Ii to B-55

P, i1i of t'l 1.9 s t

S . ir" 'o'. 'includ,6d

ini tl:r section. Sc n col-
ccrni' n s V-79 to V-81.

The -i!!f-' or-sented in this section
by the AEC Staff is s:'milar to that
presented by the staf'f in the Ind'ian
Point Unit 2 hearinns. Pro-i"neat
flaws in t! is odel whic-h result "n
an unr-eai i. ic t-ico t't of plant
entraii'-.nt oeffec% on. st-rped bcss
include:

Page B-51

- Cl-

The Pa-,, r-1came feunStin ,w;th ter-
pcr a 1f.g. 2-) e s to be

a h pet e:;•r- :':.:ch is ns% su; t •:
tla ' calculationtez c- .cpejr.n -
I at ith 1-63 or 1967 ) jA spars
diztcIbuteons.

The additional mortality encountcred
when early sta.es transfer from one
age Sroup to the next (F!,:. B-15) also
appears to be an unsubstan'tiated
hiypothesls.

) of 6a1)y average
tidal flo s aid larval verticaldistributions3 without inclu•:7 nSterfs; to rely.oe'ent deviations

froi ttee 'v' -. int
21; honr period. Th-s generates a
cont'inuouis ca rilation belt of
larval organisms passing Indian
Point.

2) the use of segrent s-craged con-
cantration of ii'ae in the Indian
Point river segment for withdrawal
concentrations rather than the
upper layer concentrations.

3) the absence of a comnensatory
mechanism to control population
growth and decline.

4) the inability of the nodel to
predict the impact of plant op-
eraLion on adult populations of
striped, bass.

These flaws are described in
detail in the testimony of
Dr. John P. Lawler in the Indian
Point Unit 2 Hearings.,

*February 5, 1973 testimony of John P. Lawler, Ph. D. on the Mathematical
Model used by the Staff to Estimate the Effect of Indian Point Units I and 2
Entrainment on Hudson River Striped Bass. (Docket No. 50-247)

February 20, 1973 testimony of John P. Lawler, 'Ph. D. on the Mathematical
Model used by the Staff to Estimate the Effect of Indian Point Units 1 and 2
Entrainment on Hudson River Striped Bass. (Docket No. 50-247)
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C. - 6• --
F

.) 1J1e 1-1

(i) rý tro 7l (:'' hI

1 tOC n tiTh listed 'als:.il tend to

Ca !
7  

s shou:J d b-. e l
lo1 fr'equencies repo5tcd a-re sla i-
ficajrt to Ihe t'olcy of th" site.

.2) Pae's_ r-3 to F--9

,3)Pafge F-4

(4)Fase F-6

(5)Page F-6

(6) Page F-6

Thie Str.'ff en. cesthi sn

id. ni'c tLf to. t:

fo.l1(wjn,5 r~i o in c,ý sunpo-t
such aupecif lg . . e fir-F
five'.- di -stud-e entirely

co:s~stet. l t i•}]J eu -'r osition.
Colw!''" ning in thei ' . pare
F-6, ther a" 1 t'cret- cal '" asak
on thesc-s aunhly,,jc. whic..h, at most,
establishnes that the source of I id-
AtlantIc striped bass is presently
unknoown. The figure of 80% Is
not nubstantiated.

A substantial por"ion of fhl d~s-
cueslrta invojwvt: the intr.retat:hn
of taege,1 recoveries. Thi's entire
dlaeuosiun assumes that th* percentage
of tag returns are equal to percentage
contribution. This Is cn.y tr-ue if
the 'exploitation rate (aet discuessed)
is the seme for all populations.

In the 7th line from the bottom,
the word "lighter" should read
"'hiSher".

The 2nd line should read'". South
Beach between 1961 end 1963, IaY
have been of Rhudson. origin. As
indicated earlier, however, most
striped.."

The assumption that a bass captured
in the winter would spawn in that
area is not only unsupported by any,.
data.but is contradicted by several
observations. In the Indian Point 2.
hearings, Dr. Raney.described the
wintering of striped bass in' the
Connecticut River. where it is well
known they do not spawn. See also
Vladykov & Wallace, 1952. Accordingly,
the'discussion followingthis assumption
is erroneous.

The logic of the last paragraph
which makes four recaptures in the
Hudson greater than seven
recaptures in the Chesapeake is
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APYL iDI:: -

(7)Pages V'-7 to F-B

SpriOUs, ple'tic<t.' when one

F1'1'thnrczire• it ir un-i' 'e1y that
t.e fnur icis a O thud the
Hudson weepote-n-ci']. 21 inr

sic ely• ele-ve-n o, the IC3
t"''-"d fish .lz-'s 1 vr' enoi h ' to
be ,aturc.

The refutation of the well-acoeteo3
-"erri-m"n position on the ori-in of
stripe- bass is still unconvincing.
First, it is h . ihl y likely that
two-"a's--old fish, althou) h t en-
orally non-m'i'ratory, '.:ill 'r't
in y',.-rs f ar::" l
boo'ts"" of -v'"-"o:in'- . F'i-stho-
more, the statement on page F-8,
"It is apparent from ta-g'n' data
in tie CC","'ape'"e as'a that two-year-
old fish are not ra out of
the haw to any sig-nificant extent'"
is siimpty no'0 ru- .- 'he study
referrad to shot;s that a s'5ll per-

centage of Chesapeake Bay st'el: c"adid be
a very large nut"'r of 1ish in vicw
of th' subatanht-aii , ' spaning.
areas in tice tribt"aries to Cien.1100.
Bay compared to the spap.nin. areas ir-
the Hudson River. The St"ff also
fails to a"ention the basis for
Merriman's conclusions, hich tho
Staff acknowled-es are generally
accepted.

i) Paie G-3, last jar. 1.3

2) Page G-5, par. 2

3) Face G-5, par. 5, last sentence

4)Page G-5:. par. 1, 1.5

5)Page G-7, par. 2, line 6

"Tho

muich at it inpnlics 4c weauhear
con'i " ions L:se r'ý,!s: t t ,[ or
typical of win.t ýre may e-Oct
a. thve sitj,:. Týh~e pu~,posc eft the
weanthenr ceJi t-1 ona.-, *.i- f0-

illun' v ""-I'yp-- 7tation and
slhould be "tiated a i such ite
as st•i iein]r

In r-'fer'nce to "plume rise",
specific mention of plu"e definition
is reqir"ed. Plumie rse "s
geneiial y considered th3 eenterline
vilue; hoý:,:,.-e• vertical1 andj !at-.-,ý!
di-i '• so b c '

Uo=aents O'i tiie nlumeý penetration
local inversions siould either b'
clarified or deser.L:-d in a
so the possibility of clue ui'aoing
by an elevate inveafsicn is also
qualitative'y descaibad.

... suspe'n'ed in the form of fog",
Any sps"ar stur t' 'tht con-
denies aloft is meteorolon"ically
classified as a cloud. Fog is a
cloud, based at the ground.

The obvious oualifications on using
wet-bulb temnoeraturc f-om Pouihkcposie
and appaylng it to the neoPeiskill
area should be explained along with
the assuimptions made in utilizinSa the
data.. The proximity of Peekskill
to the Hudson River compared to the
inland Poughiceepsie staton should
be stated. Also, low level
meteorological wind sensors and
vertical tomperature measuureennts
were used to predict pluole dispersion
at. elevations of several thousand
feet. Therefore, the accuracy of
this procedure must be stated, esoecially'
when considering that the wind sensors
were in the valley micrometeorological
regime.

Only.the drift and salt deposition
were considered in the analyses, not
the effect of- airborne salt con-
centrations causing an increase in
ambient salt. This effect can subject

6)Page G-8
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W avi ot!-" 305,50 gp l'in,.; \shn- n ca o

bBa:-d on 4,000 p, (1,2 0 106 gpm) fresh.taer flcw in Ho-•n River.

C P, -3, P.10-8. V-111

heleased on]y in case o I evaporator breakdown of Unit #2 and Uni.t 43-

"Relcase at this rate fdr 2 hr/day once every four to seven days.

Q raximum Mi 20 lb/hw ef colrc-troet. snlfurcic acid is used in the I
flash evnraeo n of river water for mae' p waterl' . The resultant0

blo-s-'own has a pH of 7.0 to 8.5. No acid is discharged.

Rae at thin rate for 12 hr two to four times a year. Reaction

products neutralized prior to discharge. - 1 ,

"Colgate Lo Fom er'~-nt' cons- in of 26 .5o sodiumc phospha~te, 205 J -

sodium sulfate 10% esodium carbonate, Go6% silicates, 15.5% benne ne JW

sulfate, 10" unspecified nanionisc, arid -- '41 water , or Sears~' LIJ 4

Biofdegradabie detergent. L
'Release at this rate for 2 hr/day. ,

WSe Text. .iI
Ii w.

'Based on continuous system leakage and discharge of 25 gpm and an P 1II

evaporator breakdown. -All planned releases will be collected and"_ L

processed prior to release. I' j

mFceleased once/year. it ?

nReleased at this rate for 1 hr, once/day. A system is to be , /" L / r. 1 l L , ,

installed to neutralize this waste. c; - .-- 1

0120 lbs released once/day for hr. 36 lbs/day sustained release. I6
PEffluent chlorine conc. given as 0.5 mg/l, considers only dilution I
by other side of Unit 3. 2

qRiver concentration of 0.026 mg/l considers only river dilution,

no river chlorine demand. Demand reactions are considered in

Section 2.a(3).
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December 7, 1973

U.S. Atomic Energy Commission • ""

Attention: Deputy Director for Reactor Projectsý-,
Directorate of Licensing

Washington, D.C. 20545

This letter is to comment on the Draft Environmental
Statement for Indian Point No. 3 (A.E.C. Docket No.
50-286) .

Federated Conservationists of ,testchester County, Inc.
is a coordinating group of 59 organizations in vestcnester
County concerned with environmental problems in the county,
including the nuclear generating facilities at Indian Point
and the Hudson itself.

As indicative of the breadth of our interest in these
problems, attached hereto and made a part of this commurent
is the Staten-eot of Policy of the organization, datedM.arch 10, 1971, with reference to the proposed licensing
of Indian Point No. 2.

Leaving to experts more particular comment with regard to
the Draft Environmental Statement, we comr.end the AELC for
its recorilended installation of cooling tovwers. Wie
believe any delay in the erection of the cooling towers
should be rejected as an impermissible relaxation of the
utility's responsibility to toe Rudson. In the meantime,
until cooling towers are installed, the utility should be
required to avoid maximum operational strain on the fish
-life in the river. Other aspects of study to minimize fish
hills in the pre-cooling tower period, a clearer cost-
benefit analysis, and a coordinated study of the Indian
Point-Storm ring impact is essential.

Ile renew our suggestion, -both to the AEC and Consolidated
Edison itself, that it get effective independent outside
help to assist it in solving its environmental probllems;
those who are expert in producing power at the least cost
are not necessarily the best people to determsine questionsL
of meeting necessary standards of air and water quality, or
aggressively pressing for alternatives in terms of
transmission, generation, and storage of electricity, or of
relatinq the utility's responsibility to environmental
goals. Just as a utility has accountants to go over its

books, and independent certification of its accounts, itwould do well to have independent environmental eXperts un-
dertake its compliance programs, and to subject its
operations to a periodic environmental audit by outside and
independent environmental experts.

This is particularly crucial now that we are, as predicted,
moving into a period of energy shortages in all areas; the
energy crisis must not be the occasion for public utilities
to allow, problems of management and planning.to obscure
the importance of environmental controls. Rather, it
should be taken as a challenge to continue to produce energy
at the most efficient and economical rate and, at the same
time, to redouble and make more effective efforts to find
environmental solutions in all phases of operation, from
generation through storage and transmission to the consumer.

Mrs. David C. Donaldson, President

Federated Conservationists
of Westchester County, Inc.

A Tax DciCibot ODcd ,liolion 10-1 Re'dalmod 01941
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FEDERATED CO1SERVATIC.ISTS OF WESTCHESTER COUNTY, INC.
Dedicated to environmental planning and education for the preservation of our natural resources.

20 Soundview Avenue, White Plains, New York 103N6 (914) 761-34•6

March 10, 1971
Statement of Policy

by the
Federated Conservationists of Westchester County, Inc.

With reference to the Proposed
Licensing of a Nuclear Generating
Station at Indian Point, New York

(Indian Point No. 2)

We are aware of the need for power in the New York metropolitan
area, and of the technological Incapacity of Consolidated Edison to
meet these needs. And yet, the power emergency is as much an emer-
gency in terms of corporate and political leadership as it is in terms
of electrical power, a default in leadership that does not yet relate
its responsibilities to the growing need for environmental conservation
and protection.

It is against this background that we address ourselves to the
burden of full environmental responsibility resting on those who
would build nuclear plants.

To the extent that its rules accord with recognition of its full
environmental responsibility,and its actions are consistent with this
responsibility in these matters, the Atomic Energy Commission will
properly acquit itself of its duty. To the extent that it does any
less, it is subject to legitimate environmental criticism and subject
to such changes in its organization, powers, and procedures as Congress
may eventually determine to be necessary to bring the Commissionts
functions and operation into harmony with the environment.

This responsibility, in short, rests both upon Consolidated Edi-
son Company and the Atomic Energy Commission, since they are so close-
ly related in the planning and construction of the proposed facility,
that they assufe the full burden of proof that the proposed plant will
not damage the environment or adversely affect the public health and
safety. In the absence of having met such burden, the plant should not
be licensed for operation until this burden is met. Indeed, until this
burden is met, we are moved on a broader basis to urge that a moratorium
be imposed on all new nuclear plants.

The particular areas of environmental impact with regard to which
we would like to have more information to establish the proposed plant's
compliance with environmental standards are:-

1- Taken in conjunction with existing and proposed utilities'
construction in the area, to what extent will this proposed use of the
waters of the Hudson add a thermal increment to those waters; and can
the utility and the Atomic Energy Commission establish by a fair pre-
ponderance of the evidence that such thermal increment will have no ad-
verse effect on the ecological balance of the River, or adversely af-
fect its marine life?

Full Environmental Responsibility -2-

2- To what extent, taken together with existing and proposed
construction, will the proposed installation add radioactive elements,
In the low level range, to our air and water; and can the utility and
the Atomic Energy Commission, in connection with their proposed -lant,
establish that the cumulative effect of such low level radioactive
waste will have no adverse effect upon the chain of life, or upon the
mutation rate, or in terms of cancer?

3- To what extent will the proposed installation, taken by,it-
self, create a danger of nuclear excursion through malfunction of thd
unit, or through sabotage resulting from breach of security, or un-
friendly act; and can the utility and the Atomic Energy Commission
guarantee that the installation will cause no danger to life or property
of those living in the New York metropolitan region?

Would the utility, in the absence of Government insurance
against catastrophe, be prepared to construct and operate the proposed
plant and to secure conventional insurance at rates to be set by under-
writers on the basis of their independent evaluation of the risks in-
volved?

4- To what extent will the proposed construction result in
possible contamination of neighboring areas running Into the next
century through long-lived radioactive elements in the installation
housing; and what provisions, after termination of the use of the
plant, are there for refioving the Installation housing to prevent
possible contamination of ground water levels.?

5- To what extent is the utilitv prepared to adjust its plans
to natural, scenic and esthetic considerations, and to protect the
natural values and scenic beauty of the Hudson and of Westchester by
screening or undergrounding its plants, and by undergroundinE the
overhead transmission lines that now disfigure the county, the hudson
Valley and the region?

6- To what extent is the utility and the Atomic Energy
Commission prepared to guarantee that the transportation of radio-
active elements from and to this and other installations existing and
proposed for the Hudson and Long Island Sound regions will not adver-
sely affect the health and safety of the people ot Westchester and of
the New York metropolitan region?

We ask the assistance of independent scientists, particularly
those in the biological field, to review and advise us, the utility and
the Atomic Energy Commission with regard to these problems, and to
assist our planning officials to proceed.wisely and carefully with the
major problem of reconciling planning to meet our reasonable energy
needs with the requirements of protecting the environment.

Marilyn C. Bowler
President

- Federated Conservationists of Westchester County, Inc.
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December 11, 1973

To: United States Atomic Energy Commissiom
Atta Deputy Director for Reactor Projects,

Directorate of Licensing
Washington, D. C. 20545

50-286

Re: Draft Environmental Statement by the Dirocto:ate of Licensing,
U. S. atomic Energy Commission related to the operation of Indian
Point Nuclear Generating plant, Unit # 3

From: Rockland-County Conservation Association, Inc.
Stateuent prepared by Lrs. Robert W. Pugh, First Vice-President

231 MoNamara Road, Spring Valley, U. Y. 10977

The consxraction of atomic energy plants and es-secially those at Indian
Point have always been of major concern to the Rockland County Conservation
Association, situated as they are just a few miles to the northeast of our
county. Our association is a member of the National Intervenors and support
its activities and favor a moratorium in the building of atomic fission plants.
ie believe that the dangers of nuclear plants are irreversible and a legacy
that we should be ash .ed to foist on futurd generations.

It now appears that Indian Plant # 2 might be put into operation. The stand
taken by the Atomic Energy Commission that it must have cooling towers is
to be commended - inadequate as that precaution night be.

We know from first hand experience about the fish kills at Indian Point,
and that especially high kill of the winter of 1969-70 when fish attracted
to the thermal discharge from Plant # 1 were sucked into the intake screens
resulting in literally a cres of dead fish. The sea gulls mercifully re-
moved the holocaust. 1r. Lawler, of the Engineering firm of guirk, Lawler
and Matuske, attributed the fish kill to human fraility - the fact that the
intake screens had become clogged - He was our speaker at one of our
Quarterly meetings.

If human fraility could result in this serious fish kill for a plant of
265 tie ( I*P. # 1) we shudder to think of w;hat could happen to a plant
of 873 !ZWe ( I.P. # 3) should human fraility again be a factor. Con-
solidated Edison has illustrated in the operation of Indian Point S 1 that
to date it has no completely successful means of eliminating fish kills.

Thermal polution depends on dilution to miniuize its effect - a factor
that will become increasingly -difficult as plants increase along the river,
No definitive study has ever been made of the metabolic changes and chain
reaction which will result in the raising of the temaperature of the Hudson0
A prolonged summer heat spell resulting in increased energy consumption

and peak performances of all plants arong the river; accompanied by a lack

of rainfall minimizing tidal action, could raise river temperatures to such

heights as to result in permanent damage To all forr.s of aquatic life. At
the top of the biological chain are the fish - a priceless food and recreational
resource. Existing information on the hudson River is inadequate to predict
accurately the long term impact on all aquatic organisms and the ecological
consequences.

We urge that the Atomic Energy Commission take a stronger stand on Indian
Point 5 3 and mandate a closed-cycle cooling system from the beginning of its

operation. In fact we favor cooling systems on all existing plants.

The agencies requested to comment on tie Draft Envirorsuental Statement do
not include any totally private agency financed by independent means whose sole
concern shall be to analyze scientifically the long tcrm impact to all forms of
biological life by the oseration of pomer plants along the Hudson River. 

5
e

believe that the Atomic Energy Commaission should take the leadership inilegis-
lation that would tax all poser copbanies their proportionateshare to fifnance.
such on-going studies. ie know fros experience that Utilities should not be
given the sole responsibility cf monitoring the environmental inpact of their
operations.
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50-286
ENVIRONMENTAL
DEFENSE (-n
FUND ) 162 OLD TOWN ROAD, EAST SETAUKET, N.Y. 11733/516 751-5191

December 10, 1973 .

U.S. Atomic Energy Commission IvS.1 10
Deputy Director for Reactor. Projects
Directorate of Licensing \, # Ij

Washington, D. C. 20545 e

RE: Draft Environmental Statement for Indian Point Unit No.

[AEC Docket Number 50-286]

Dear Sirs:

Having participated actively in an examination of the
environmental impacts of Indian Point Unit No. 2, the Environmental
Defense Fund reiterates its position in that licensing proceeding
(AEC Docket No. 50-247). The issue before the staff regarding in-
dian Point Unit No. 3 is perfectly parallel to that delineated in
the licensing of Indian Point Unit No. 2.

EDF calls the attention of the staff to a recent publica-
tion by John Clark and Willard Brownell entitled "Electric Power
Plants in the Coastal Zone: Environmental Issues," American Littor-
al Society Special Publication No. 7, October 1973 (published De-
cember 8, 1973). This publication summarizes and tabulates the im-
pact of electric power generation in the U.S. coastal zones.

The Indian Point nuclear units offer a spectacular ex-
ample of inadequate site selection procedures; unless the operator
of these units is compelled to generate electric power in a fashion
most compatible with the highly sensitive local aquatic environment,
site selection by utility managers will continue to be made without
judicious foresight. The importance of the Indian Point Units in
this matter cannot be overstated. The rapidly profilerating nuclear
sector of the electric power generating industry engenders cooling
water demands that are growing somewhat more rapidly than the
aggragate demand for electric power. As Clark. and Brownell. point out:
"The potential for environmental damage from a massive entrainment
and death of these organisms -- fishes, plankton, and larvael stages
of shellfish -- is of such a magnitude as to require sweeping change
in policy governing design and location of power plants in the
coastal zones." Unless the costs of such damage are internalized
swiftly a "sweeping change" will materialize slowly, if at all.

EDF urges the speedy retrofitting of Indian Point Unit
No. 3 with closed-cycle cooling towers. Such an order has already

been issued for Indian Point Unit No. 2. The interim operation
of these two units should be conducted in such a fashion as to
minimize adverse impacts on the Hudson River fisheries. Further-
more, as set forth on page XI-50 of the DES, the use of a mechanical
condensor - tube cleaning system is urged so as to greatly reduce
the need for biocides. Given the coterminous nature of the dis-
charge canal at Indian Point, all three units should be compelled
to switch to mechanical cleaning of condensors.

In the matter of Nine Mile Point Nuclear Station Unit
No. 2 (Docket No. 50-410), the full Commission has ordered the
Staff to consider a redesign of rate structure as a possible alter-
native to the need for construction of new capacity. EDF believes
that this is applicable in Docket 50-286. The utility in question,
Consolidated Edison Company of New York, has a formidable array of
problems centered about the ability to obtain new generation capacity,
a markedly unfavorable system load factor, extremely high capacity
costs, and a severe attrition of earnings situation. All of these
problems could be minimized by moving to a rate design based on
marginal cost pricing. Such a pricing structure would impose pre-
mium charges for on-peak consumption of electric power and thus far
more closely approach a truly efficient rate design in which each
consumer of electric power pays a price that is truly representative
of the costs of service. Such a rate design depends on the avail-
ability of moderately priced time-of-day demand meters that can be
easily installed. EDF is satisfied that the requisite technology is
at hand and that peak demand pricing can become a reality in less
time than is required for completion of a modern nuclear generating
station. In view of this utilities' announced plans for further
nuclear capacity additions, it is important to. scrutinize this alter-
native as soon as possible.

It is entirely erroneous to assume in the cost description
of base design in the proposed alternative cooling systems (Table
XI-15, page XI-63ff) that the base design occasions no evaporative
loss. In point of fact, the once-through cooling systems of these
three power plants will occasion consumptive use of water approach-
ing that required by alternatives B or C. Staff is referred to
"Economics of Thermal Pollution Control" by George O.G. L6f and John
C. Ward,Resources for the Future Reprint No. 91, January 1971. These
authors state: Under conditions which obtain at Indian Point "...
the principle mechanism for restoring the river temperature to its
natural level is by evaporation with resultant cooling. This is
effectively the same process that occurs in a cooling tower in a
recirculation cooling system, so from the overall water evaporation
standpoint, there is not a large difference in the extent of evapor-
ation on-site with cooling tower use or off-site where once-through
cooling is practiced. The off-site evaporation loss is slightly
less as a result of the fact that some of the heat transfer is by
radiation, particularly if large river surfaces are exposed and flow
is relatively slow."

It is not at all clear that the staff examined recent de-
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velopments in. cooling tower design which have led to the avail-
ability of "wet-dry" tower. These devices occasion substantially
less consumptive use of water during periods of cold weather when
they may be operated in an essentially "dry" mode.

In closing, EDF congratulates the staff for the environ-
mentally sound position taken in Docket No. 50-247. EDF believes
this is an excellent precedent for the licensing of Indian Point
Unit No. 3 in Docket No. 50-286. EDFPurges that the operation of
Indian Point Unit No. 1, 2 and 3 be considered synchronously in any
orders pertaining to interim or long term operations at Indian Point.
EDF also recommends that at the earliest possible date the exper-
iences'gleaned by the staff in consideration of operations at Indian
Point be applied to analogous situations throughout the United States.

Respectfully submitted,

Ernst R. Habicht, Jr., Ph.D.
Staff Scientist

ERH:vp

P. O. BOX 514
ROCKY POINT, N. Y. 11778

December 6, 1973

Dircctor of 2egulations
Atomic Enorgy Ceomission
Washington, D.C.

Dear Sir,

The Sport Fishermen of Long Island have been watching the

progress of Con Edison's plans for the fludson with great concern.

We are relieved and at the same time dismayed about the AEC

ruling on Indian Point concerning cooling towers. Con Edison has been

ordered to build tho towers to protect the Striped Bass and other

species of fish that live and spaxm in the river from irreparablo

damage. Great! We congratulate the AEC on this ruling. B-ut, why wait

for five years. If it is left to the Utility c.:,mpany, it Is evilent

that they will stall and delay, use wfnatover tactics they can to put

off the target date of 1978 to install the towers. Con Edison does not

have any concern whatso ever for the fisheries in the river(if they

did, Storm King, which will make further inroads on the fisheries would

not be contemplated).

We urge you to have Con Edison(and other companies such as Long

Island Lighting Co.) abandon the concept of once-through cooling and

start irimedinat construction on cooling towers for all power plants.

Do not give in to these companies, who will most certainly use the

energy crisis as a weoron to attack those who feel we caEi.vý*,eloctr c-

ity without destroying rivers, lakes and estuaries. -3 (7/

Sincerely,
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6vetat SOY IttZcu '%Qo6 spo4twzrneItI
of BROOKHqAVEN TOWN

OQGANIZ0 1961

POST OFFICE BOX-66 . PATCHOGUE, N.Y. 11772

December 9. 1973

-rector
Division of Radiological and Environmental Protection'cs
Atomic Energy Commission
1717 H Street, N.W.
Washington, D.C. 20545

RE: Indian Point III, Environmental Statement

*' I'' JV
C, 3

p,

Dear Sir:

We are a-practical sport fishing organization composed
of individuals interested in the well-being of man and the environ-
ment.

We recognize the need for more power, and we also recognize
the ease with which the needs of man and his environment may both
be fulfilled.

Indian Point No. 1 is known to damage fish, Indian Point
No. 2 had its operation curtailed by the New York State Environ-
mental Conservation Department, Indian Point No. 3 is about the
same size as Indian Point No. 2, and is also located where irrepar-
able environmental damage of catastrophic proportions can occur.

We must strongly urge that cooling towers be utilized and
functioning before any operation of Indian Point No. 3 commences.

Si eerely, .

H. Fletcher Bedell, Jr.-

Director and Conservation
Chairman

CC: President, United Mobile Sport Fisherman
25 Treat Road
Wethersfield, Conn. 06109

WEST BRANCH CONSERVATION ASSOCIATION 100 SOUTH MOUNTAIN ROAD
NEW CITY NEW YORK 10956 914- 634-9700
December '14. 1973 . -

U. S. Atomic Energy Commission N$ '•
Washington D.C. 20545 1973
Attn: Deputy Director of Reactor Projects , DEC , 9

Directorate of Licensing -t

Re: Comment on Draft Environmental Statement fort,-'""
Indian Point #3, AEC Docket No.. 50-286 '- -

Gentlemen:

I am writing as Vice-President of the West Branch
Conservation Association. The purpose of our organi-
zation is the protection and enhancement of the en-
vironment. We are located in Rockland County,N.Y.
which has over 30 miles, of Hudson River shoreline
and lies due west of Indian Point. Our interest in
the protection of the Hudson River and its biological
community is obvious.

We concur in the findings of the obvious physical
destruction of fish at the present and future river
water intakes and-the thermal pollutLon--of the river.
However, wxe feel the situation is more complicated
and serious than the "Statement" exolores. As an ex-
ample, the interaction of the thermal discharge with
the newly introduced effluent from various sewage dis-
posal plants or the proposed diversion of 500 to 1.000
million gallons per day from the river by the Hyde
Park project. Also not considered are the additional
thermal discharges to the 'river from industrial plants
such as I.B.M. at poughkeepsie in the' order of 2.5
X i08 BTU/hr at peak summer loads.

Considering the facts brought out in the "Statement"
the additional possibilities delineated above and the
limited knowledge of the biological functioning of
the river, we feel it would be suicidal to allow addi-
tional massive thermal discharge into the river. We
therefore endorse'the concept of mandating the Installa-
tion of cooling towers.

The use of cooling towers for electric generating plants
is certainly not novel or untried and has been exten-
sively used in Europe, particularly-in England.

An added advantage of closed circuit cooling not brought
out in the "Statement" is the possibility of corrosion
control which can markedly reduce corrosion and fouling
of the piping and condensers which would be a monetary
offset against the added cost of the cooling towers.

Very truly yours,

Walter L. Fleisher, Jr.
Vice-President

WLF/z
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50-3
50-286
50-241

Connecticut Coas4taf A.glfe,.6 AJ sociation

GROTON, CONNECTICUT

KENNETH E. BAY • 27 MAPLE AVENUE • HASTINGS-ON-HUDSON 'NEW YORK • 10706
PHONE 914-478-0565

Dirpctcr of Regulaticn L ~''m
Un~ted St~'t~s Atosx~ic orvCnis1x\-
.Jesbirgton, D. C.

Dear Sir;

In regon'd to t1he Cooý-Ba q-p-1!c-tion for 1li-ese to o .er~te
po-er rinots (on tho? EPufson Olvpr, flurti-er stud,,, ad inves i-tOon
of tre enrVc':irentn~l~sc of such coos.-ruct on and (, erc ti~o
-coin see-s, im-'ec-tive.

December 7; 1973 /

U S Atomic Energy Commission
Washington, D. C. 20545

Attetion: Deputy Director for Reactor Projects
Directorate of Licensing

Subject:Draft Environmental Statement for Indian Point #3
Con Edison Co., of NY.
AEC Docket #50-286

The Cuulaltive o7ffrnots - 20ý to 6D" raduc-tin of str-1 ed bass
larvee ' -ao ts orefa re ý,~ - f current iol-r

e -.,rqet' dat of bus ci Ono1 ý,-n t--- s-'iaelossb . Fsllea, the 1:^-a

on this oa-r ?nd -'-"v7 rr"---'e bv -,rropsscsur
Ps Storm Kin ;.:untni rrxa b. 0

1ore fle'h"rv sr"-'o:e- b*, tU-" Flusr~ ýiv-r is no iivpiuf'cie se-rt
ar d co- --nrcinl ass-t. 1O- refor, ,ro-Pr 1ei-s3.tive era cornr 7e
act-irn is nec~ess'rv to cooe-ýý-vp th .1 r--urei rtsci~rc~.-

Cordalel y,

Franolj B. Eolme~ren
Secre, cýr7

Gentlemen:

I write as an interested fisherman, a resident on the
banks of the Hudson River as well as a user of the
energy generated by Con Edison Co., of NY, for many
years, interested in all areas of our environment.

I was greatly heartened by the decision requiring cooling
towers to be installed at Indian Point #2, which will serve
to continue the progress of pollution abatement slowly
showing itself in the Hudson River.

I trust that this decision will not be negated by a lesser
requirement to result from your- deliberations over the
projectdd plant at Indian Point #3.

I also urge you to extend this thinking to the Storm King
Project which would similarly have a drastic and mortal
effect on the aquatic and marine life of the Hudson
estuary.

Sincerely,

cc. Con Edison Co.
HRFA/SOS

'-nj,-
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.Rivetdae, TJme qjLoik 1047

COYIk

November 30,1973

Gentlement

In my opinion the dangers'to the environment which

might take place with the activation of Con Ed power

plant I.P.3 concern possible radioactivity to plants and

humans, the wholesale murder of thousands of fish (especially

striped bass) and the marring of the landscape.It seems

inconcieveable to me at just the moment when things are

looking hopeful for the restitution of the Hudson River

that such a plant, with its inherent dangers, should be

activated.

As a musicians I have worked with the various ecological

organizations along the Hudson by raisin6 funds and lending

my talents to the constant eff(vt to defend this region.

Unless far more stringent measures are taken to reduce or

eliminate the threaltto the envoronment that I.P.3 poses

I, as a member of this region, citizen of this country and

lover of this land, will do all I can to stop it.

We must find environmentally compatible ways of creating

energy for the sake of future generations before the chemestry

ot-1the planet is permenantly boggled.

Sincerely, '

Don McLean

DieUw" - •#

I-I01



4/~;Y SVUJ1 O /

U t'JiV?, ) -f•, -~ r, & C } l ' Ji~k0 ?,;-3

2- ix'sý\ +C1 41 rf -C.

~~ 0 (D0k 0 1 0'sjqi!, S IV

December 9. 1973

U.S. Atomic Energy Commission
Atts Deputy Director for Reactor Projects
Directorate of Licensing
Washington, D.C. 20545

Dear Sir:

I've just received and read the Draft Environmental State-
ment for I.P. 3, AEC Docket No. 50-286 and wish to make the fol-
lowing comments.

I have fished for striped bass for 35 years around Long
Island and the Hudson River in New York. And now my twelve year
old son has taken up the sport and become my fishing buddy. We,
like so many other Long Island residents, are "hooked" on
striped bass.

However, the threats posed by Consolidated Edison's nuclear
power plants on the Hudson River have me greatly concerned. The
Impact Statement related to proposed operation of Unit No. 3
makes it abundantly clear that this plant, as well as unit No. 2,
should never be permitted to go into operation,.even for an
interim period, until the cooling towers are completed and ap-
proved. The Hudson River nursery is far too important to the
mid-Atlantic striped bass fishery to allow Consolidated Edison
to gamble with so valuable a public-owned recreation and food
resource.

I urgently iequest that my views be given full and studied
consideration by the Licensing Board.

Thank you for permitting me to present my view and concern.

Very truly yours,

Robert J.)4ance -

57 Glengariff Road
Massapequa Park, N.Y.
11762
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Dennis Zaccardi
88 Rome ine Ave.
Jersey City, N.J.

ecember 8', 1973.

Director of Regulations of .
the U.S. Atomic %,,nergy Coeun.,.• L
Washington, D.C.

Gentlemen,

As a member of the Salt ',iater-Anglers of Bergen County

and as a contributor to the Hudson River Fiahermen's ýtsoc.

and the Striped Bass Fund, I am pleased to learn that the

AEC will renuire Con ']dison's Indian Point III Atomic Power

to have operational Cooling Towers-by 1978, However, I am

dissapointed by the fact that Indian Plants I & II are still

operating without Cooling Towers and that Con 3dison is

resisting the construction of Coolimg Towers for these plants.

On behalf of the Atomic Energy Commission, Dr, a•. Philip

Goodyear testified at the Licence hearings for Indian Point I

that 80% of the Striped Bass along the Atlantic Coast had

originated in the Hudson River. He also testified that

between 30 & 50% of the Striped Bass Eggs and Larvae would

be killed by entrainment and also that large numbers of

older Striped Bass are likely to be killed by impingement

on the screens on the water inlets. This is why a closed

cycle cooling system is absolutely necessary right now.

On behalf of my fellow fishermen and non-fisherman

alike, I demand that the ASC reouire Con Ed to begin

immediate construction of Cooling Towers for Indian Point

Plants I & II.

It is true that we are now faced with an &nergy Crisis,

however the protection of our fisheries is imperative if we

want to avoid a food crisis. After all, poor planning was

the cause of our energy crisis; it would be foolish to

make that same mistake again with our Fisheries.

You might say that the Striped Bass is not a very

important food fish, however there are numerous species

which spawn and/or live in the Hudson which are important

food fishes. Besides, we have a moral obligation to

preserve fishing as a sport for our children and our

children's children.

To further clarify my position, I have enclosed an

article of mine which appeared in the Spectrum of the

Institute of Electrical & glectronic Engineers,

Very Truly Yours,

Dennis Zaccardi

c.,A 2,
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More on BART

As a taxpayer in Contra Costa Ce.rnty.
Calif_. and lhes a part owner of the 6us
Area Rapid Transrt District PEARTC. i a's
interested it seeing that alt related 'ouer-
marion is p'eesreed ta Soectrum toeasr V
Attention is called to important facts >tr'
should he considereid when comcr..'u
BART with other recent transii ssui
placed is service, atd when 1oo0 oa
present BAST perreioance. So"
these fatos hare eneer i'cotsed in
trum's series On BPRT. Others. I be:_e'
have riot"

First, BhRTD and i:s PBTB cFnsac
engin.ersset'out to 0 good ch:e
promls' that the pubic would nas"
best rap'd-rransit sys'.em modern tec-'C -
ogy courc provice

Second, the'Bh.RT system with :rs
orig;nai branch t;nes nequates :'en
switchisg in the CObieed-tterkeley s5'

tion. This requirement is mote scois-
caored than other recent systems. scos
Toronto. Ol:enr recent operating ins:'-.
trono have Seen poent'r0-popnt syste'•s.
requiring no swirching. Automatia tr'0
controt on the 6ARF system requred., It
use of new approaches Over point-t-:ql
systems

My third, and most important, pct s
that it hod aeun an esly decision 07, i.
District and PETS that the hirst ton or:.
ducliuil 00:• ware ao e Ias/ acut.'

e nit n of tholhreop testnIr I'' .
revene seriace aas started. f.anu!.:.x,
ers could ro-: Possoby conduct at
tosts in their factory, nd beocause oe
unique gaui.e and thlrd-rril volftana or to,,
BART system. they coalu not even co-c
duct tests ot produation cars on otaer
properties.

The puhb:; clamorerd fr servic•e-.,'
trlecu'h th.-y phad heapOd deay uatr o:
and consO:uctioa Ly a Six-monlh t.I::'.
ers' suit i'l Contra Costa County 1le :
and othciril:iavs all e then rein. 1 f.
the Sdoctpu't selies, meant that Vti,':Dt-
tand-Fea,:t line cwas opaned o:t
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