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1. 0

INTRODUCTION
Section E .(3) of Facility Operating License No. DPR-26 reads as follows:
A plan of action of operating procedures and design of the once-through
cooling system for Indian Point Unit No. 2 will be developed by the licensee
in order to minimize detrimental effects on aquatic biota in the Hudson
River to a practicable minimum during the interim period prior to installa
tion of a closed-cycle cooling system. The plan shall include means of
reducing thermal shock; impingement on the intake structure; entrainment
of fish eggs, larvae and plankton; reduction of chemical and thermal dis
charges and loss of dissolved oxygen below 4.5 parts per million; reduction
of radioactive discharges, in accordance with 10 CFR Part 50; and other
mitigating measures available.

The plan shall be submitted to the Atomic

Energy Commission by January 1, 1974, and upon approval by the Commis
sion, the plan shall be implemented so as to eliminate or substantially
reduce such adverse effects as are revealed by the monitoring and sur
veillance study program presented in the Technical Specifications.
In compliance with this condition, this document describes and discusses design
features and operating procedures available at the Indian Point 2 facility to reduce
plant impact to a practicable minimum in an interim period prior to installation of a
closed-cycle cooling system as required by License No. DPR-26.
Con Edison has introduced extensive evidence in the Indian Point 2 licensing
proceeding in support of the conclusion that (1) the completion of the ongoing ecologi
cal study program is necessary to determine the environmental impact of the existing
once-through cooling system, and (2) operation of Indian Point Unit No. 2 with its
existing once-through cooling system, pending completion of the ongoing ecological
study program, would not cause substantial or irreversible damage to the environment.
The license conditions proposed by Con Edison in its submission to the Atomic
Safety and Licensing Board dated May 17, 1973 would permit consideration of a

broad range of measures for mitigating the environmental impact of once-through
cooling.
For purposes of this report, however, those mitigation techniques which require
extensive redesign of the facility are not considered.

Rather it is those methods and

techniques which can be implemented in an interim period prior to installation of a
closed-cycle cooling system which are discussed.
It should be emphasized that the Environmental Technical Specification Require
ments for Once-Through Cooling incorporated in License No. DPR-26 contain Limiting
Conditions for Operation, Monitoring Requirements and Environmental Surveillance
Programs and related provisions. These extensive requirements are intended to
accomplish the objectives of the above-quoted license condition and the plan of action
discussed herein is complementary to these requirements.

1. 1

Existing Water Intake and Cooling System

Indian Point Unit No. 2 produces energy by the controlled fission of uranium
in its reactor.

This energy is transformed into steam which is expanded in the

plant Is turbine, performing work to drive the electric generator.

After the recover

able energy has been converted to electricity, the unusable portion must still be
rejected via the plant condensers.

This energy is absorbed in water from the Hudson

River.
At Unit No. 2, condenser cooling water flows into the plant through six intake
bays, each provided with an air bubbler system, a fixed screen, a travelling screen,
and a circulating water pump rated at 140,000 gallons per minute.

The water then

flows through the condenser tubes, where it is heated by the condensing steam, and
is then returned to the river by means of a discharge structure designed to create
thorough mixing with sufficient river water to minimize temperature differences in
the river above ambient.
In addition to the condenser cooling water system, service cooling water is
also withdrawn from the river at the rate of 30,000 gpm.

This water is returned to

the river through the same discharge structure as the condenser cooling water.
Figures 1-1 and 1-2 show a plan of the site and a cross section of an intake bay.
In addition, Figure 1-3 is a schematic drawing of the service waler and condenser
cooling systems.
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1.2

Definitions

The following terms are used throughout this report and are defined here and
in the Environmental Technical Specifications as follows:
BIOLOGY
THERMAL SHOCK

-

exposure of organisms to rapid increase or decrease in

temperature.
ENTRAINMENT

-

the forced association with and exposure of planktonic organ

isms to the plant circulating water system.
IMPINGEMENT

-

the contact and/or retention of organisms in the screening

structures of the circulating water system (including all types of mesh screens,
trash racks and structural configurations which can impinge organisms).
TEMPERATURE
AT ACROSS CONDENSER

-

refers to the temperature difference between the

intake water temperature and the discharge canal water temperature.
DISCHARGE CANAL WATER TEMPERATURE

-refers

to water temperature

measured in the discharge canal, at or near the confluence of the discharge
canal water and the Hudson River.
INTAKE WATER TEMPERATURE

-

refers to water temperature measured in

the intake structure forebay to the circulating water system.
THERMAL DISCHARGE

-

is the addition of heat from other than natural sources

to a receiving body of water.
APPROACH VELOCITY (INTAKE)

-

water velocity at a distance of approximately

twenty-four inches away from the outer fixed screens (which are located at the
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bay openings).

The area average value of the approach velocity is estimated

by knowing the volumetric flow rate, i.e.:

Qc
V

-

a

c
Af

where:
Va
a

area average approach velocity (fps)

Q

=

volumetric flow rate (cfs)

A

=

average area of cross section 24 in. from intake forebay
opening to river (ft)2

INTAKE VELOCITY - water velocity expressed in feet per second (fps) of
cooling water withdrawn through the intake opening structure which includes
the outer fixed (meshed) screens located at the forebay openings, trash racks,
travelling screens, and stop log guides.

The intake velocity through the screens

is not measured directly but its value over the surface area of the screens is
calculated by knowing the volumetric flow rate, i.e.,

Qs
V.
1

-

S

As x

Rf

where:
Vi

=

Qc
A

Rf

calculated intake velocity at outer fixed screens, fps
volumetric flow rate (cfs) obtained by the capacity of the
circulating water pumps

=

projected area of the opening of the frame of outer fixed
screens through which the cooling water flows, ft 2
fraction of projected area available for volumetric flow
taking into account the size of the mesh screens and diameter
of the screen wire, e.g., 0.080 in. diameter wire in 3/8 in.
square mesh screen
(0.375 - 0.080)
(0.375)2

2

=

0.62 fraction of area available for volu
metric flow

The intake velocity is constant with constant volumetric capacity of the circu
lating pumps and constant projected area through which the water flows.
OTHER
CIRCULATING WATER SYSTEM

-

includes the intake openings and structure

for all units, the condenser cooling water system, the discharge canal, discharge
port and structure.
DEICING

-

refers to melting of surface and frazil ice accomplished by recircu

lating a portion of the condenser discharge water back to the intake structure
through the deicing loop.
NORMAL PLANT OPERATION

-

with regard to environmental considerations,

operation up to 2758 megawatts thermal (MWt) of Unit No. 2 and 615 MWt
nuclear or 890 MWt fossil-nuclear of Unit No. 1 with the circulating water sys
tem at the full pumping capacities of all pumps such as to obtain up to a maximum
AT of 15F 0 across the condenser.

2.0

IMPINGEMENT AND ENTRAINMENT
2.1

Fish Stocking

Con Edison has proposed to mitigate losses of fish associated with the operation
of the Indian Point Station by the stocking of artificially propagated striped bass. The
Company is currently conducting a study of the feasibility of rearing and stocking
Hudson River striped bass. If such feasibility is demonstrated then this technique
could be used to mitigate an adverse impact on the striped bass population, if any,
due to plant operations.
Con Edison's feasibility study is a three phase program which began in May 1973
with the taking of eggs from 15 Hudson River striped bass for rearing in Oklahoma
and Florida.

Phase I of the study is to determine the feasibility of rearing the number

of striped bass needed to mitigate the various postulated losses at Indian Point. The
number of hatchery fish needed (based on Con Edison's estimate of plant impacts) will
depend on the change in annual productivity of striped bass in the Hudson with and
without the plant, which may or may not be affected by the size and survival rate of the
fish killed by the plant and the size and survival rate of the fish stocked compared to
the size and survival of naturally produced fish.
Phase I will also attempt to perfect techniques for the culturing of Hudson River
striped bass.
Phase II of the study is to determine the survival of hatchery fish and their
contribution to the Hudson River population.
Phase Ill will investigate alternate production locations and designs.
Two techniques for rearing striped bass to fingerling size (3 to 6 inches) are
being used.

In the intensive culture method the young fish are maintained in high

concentrations in circular tanks and fed entirely on prepared food.

In the extensive

method, the young fish are stocked. in earthen ponds where they feed on natural foods
or a combination of natural and prepared food.

It is clear that the intensive culture technique needs further development in
order to supply the number of striped bass that could be required. In the extensive
method there was great variability in survival rate in the culture ponds, but there is
little doubt that with experience this survival rate can be significantly improved.

Con

Edison plans to continue the feasibility study for two more years during which time
the problems encountered will be addressed under the scientific guidance of our
special board of Hatchery and Rearing Consultants.

Consultants to this study include:

Mr. James Barkaloo

U.S. Dept. of Interior

Mr. Jack Bayless

South Carolina Wildlife Resources
Department

Dr. Harold Chadwick

California Fish and Game

Mr. Jack Harper

Oklahoma Dept. of Wildlife Conservation

Mr. Robert Pond

Stripers Unlimited, Mass.

Dr. Wayne Shell

Auburn University, Alabama

Dr. Robert Stevens

Marine Protein Inc., Florida

Dr. William Youngs

Cornell University, New York

The survival of recently stocked hatchery fish is a good initial indication that
losses of striped bass incurred during the operation of Indian Point can be offset by
replacement with hatchery fish. In any case it is clear that artificial rearing and
stocking can ensure against irreversible damage to the population induced by the plant
prior to operation of cooling towers.
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2.2 Air Curtain
In accordance with the order of April 26, 1972, by the New York State Depart
ment of Environmental Conservation, double air bubbler screens were installed at
the intake of Indian Point Unit 2 for the purpose of repelling fish from the vicinity of
the intake screens.

They have been in operation since late in the winter of 1972-73.

An experimental air curtain had been installed in front of one intake bay at Unit 1 in
February 1972 and tested intermittently until December of 1972.

A complete air

curtain was intalled at Unit 1 in January of 1973. However, Unit 1 has not operated
since the system was installed.
The air bubbler at Unit 2 (Figure 2-1) consists of eight frames. Each frame
consists of essentially a 4 in. rectangular header ringing about seven 2 in. lateral
parallel connections at 4 ft. intervals along the vertical length of the header.
2 in. lateral connection supplies two 1 1/2 in. parallel horizontal headers.

Each

The flow

into each lateral connection is controlled by a restriction orifice located in the 2 in.
lateral extending from either side of the 4 in. header. To provide a continuous air
curtain, the 1 1/2 in. headers were drilled with 1/32 in. diameter holes in the upper
quadrant.
Tests conducted on the experimental air curtain at Unit 1 produced the following
data: Bay 12, at which the tests were conducted, normally collected about 30%O of the
total number of fish caught at Unit 1. During an air curtain test period in February
1972 when the fixed screens were in place, the bay collected only 5 .7% of the fish.
However, similar tests conducted in the summer of 1972 (but without the fixed screens
on bays 11 & 12) resulted in greater numbers of fish being impinged at bay 12 than at
the other bays.

The conflicting results of these two tests may have been due to the

different habits of the different species of fish which were captured and may be asso
ciated with the intersection of the air curtain and the fixed screen.

It should be noted

that the average wintertime impingement losses are a magnitude greater than the
summertime impingement rates.

1 Plant

operates at full flow (140,000 gpm/pump) in summer and at reduced flow
(84 , 000 gpm/pump) in winter.
2-3
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Figure 2-1.

Air Bubbler at Indian Point
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Since May of 1973 when Indian Point Unit 2 began continuous operation, the
number of fish collected has been well below the total projected from data collected
at Indian Point Unit 1. During much of this period the plant operated with the air
curtain on and the intake water volume at reduced flow (projections were based on
full flow for May through September).

The reason for the low counts may have been

due to 1) the air curtain, 2) the reduced flow, or 3) variations in density of fish near
the intake. However, evidence exists to suggest the air bubble curtain was at least
partially responsible for the reduced impingement.

In October 1973, the impingement

total at Unit 2 (at reduced flow and with air curtain operating) was only 9.5% of what
had been predicted from data collected at Unit 1 intake with the plant operating at
reduced flow and without air curtains.
The operation of the air curtain has been found to reduce the rate of buildup of
debris on the fixed fine screens. This results in the maintenance of the designed
low-velocity intake flow, and therefore reduces the possibility of impingement of fish.
The air curtain will also permit cleaning the screens less frequently and thus reduce
losses associated with screen cleaning.

Another advantage of the air curtain is the

surface current created by the bubbles prevents ice from pressing against the screen
and i s expected to eliminate frazil ice formation on the intake screen. This alleviates
screen blockage and physical damage.
With the air curtain in operation some of the impinged fish are swept off the
screen by the water currents created by rising bubbles. Some of these fish appear
to be dead and lost to the river, and thus are not tabulated.

The quantitative relation

ship between these uncounted losses and the uncounted losses when the fixed screens
are cleaned with and without the air curtain has not been established. Quantification
of losses due to screen cleaning will be undertaken by releasing and recapturing marked
fish on the fixed screens.

This work is intended to provide correction fa.ctors to adjust
numbers of recorded impinged fish to values more representative of the actual number
which were impinged.

The study of the effectiveness of the air curtain is continuing

and is expected to be completed by March 1975.

The effect on river populations of impingement of economically important fish
species has not yet been established.
estimates indicate it is negligible.

Present indications for current fish population

The screen mortalities at Indian Point 2 are

expected to be less than 1%o of the annual productivity of white perch and striped bass
based on preliminary population estimates.
As per agreement with the Department of Environmental Conservation of New
York State, Con Edison will operate the air curtain whenever the ambient water
temperature is less than 40OF.

Con Edison also plans to operate the air curtain when

ever it appears that it will reduce fish impingement.

2-6

2.3

Reduced Flow

As required by the Unit 2 Environmental Technical Specifications, when the
daily (24 hour) average site river temperature is less than 400 F, the circulating
water flow is reduced to 60% of full flow to reduce impingement of fish on the intake
screens.
Testing at Indian Point Unit 1 has shown that reductions in the number of fish col
lected on the intake screens can be achieved by reducing the flow of each main pump from
140,000 gpm to 84,000 gpm.

This occurs due to the decreased intake velocity and

volume at the reduced flow rate. However, in the reduced flow mode of operation the
cooling water has a longer transit time through the plant and also experiences a
greater temperature rise than at full flow. These operating tradeoffs offer an oppor
tunity for biological and economic tradeoffs.

The following table summarizes the

different operating characteristics at full and at reduced flow.I
Table 2-1. Cooling Water Volume, Velocity, Temperature Rise
and Transit Time for Full and Reduced Flow Plant Operational Modes at Unit 2
Main Pump
Flow, gpm
(per pump)
Full Flow
Reduced Flow

Intake Velocity (ft/sec)
at Fixed Screen

Delta T
0 F)

Transit Time
(min)

140,000

0.9

14.9

15.2

84,000

0.5

-24.8

25.3

During tests at Unit 1 in 1971 the number of fish collected was reduced by 94%
in October and by 76% in November when the plant flow was reduced (see Table 2-2).
The percentage reduction in the number of fish collected when the plant operates at
reduced flow cannot be quantified with precision since the density of fish in the vicinity
of the intakes is constantly changing. However, there is good evidence to indicate
that a substantial reduction in the impingement rate occurs at reduced flow.
Table 2-2.

Fish Collections at Unit 1 in October and November, 1971

Full Flow
Month

Test Days

Ave. No.
Fish/Day

Test Days

Reduced Flow
Ave. No.
Percent Reduction
Fish/Day
at Reduced Flow

October

10

2190

12

117

94.6

November

19

3958

8

930

76.5

In addition, during September and October, 1973, with 6 pumps operating at
reduced flow and with the air bubble curtain operating, a total of 6068 fish were
collected at Unit 2. The projected catch at Unit 2, based on Unit 1 catches during
the same period the previous years, would have been 120,411 fish. (This prediction
did not include estimates of benefits which might be derived from the air curtain).
Obviously the number and species of fish in front of the screen, which up to now
the Company has found no satisfactory means to quantify, influences these results.
The density of fish in front of the screens is probably influenced by temperature,
salinity, tide and food availability, all of which vary with time.
Reducing the condenser flow rate will reduce the number of fish impinged and
the number of organisms entrained. However, the increased temperature and
increased transit time of the water will produce conditions of greater stress for
entrained organisms, both in the plant and in the thermal plume.
Studies by New York University have shown that with the plant operating at
the design temperature rise for the full flow cooling water mode, a negligible effect
on entrained phytoplankton and micro zooplankton, except during chlorination, will
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occur.

Some of these forms of life would also not be significantly harmed by the

temperature ri se and increased transit time associated with the reduced flow opera
tional mode.

Because of the rapid regeneration rate of phytoplankton and micro

zooplankton, the increased mortality which does occur is not expected to result in
a significant impact on the populations present in the river.
However, some larger entrainable organisms may be more severely affected
by the reduced flow operational mode.

Neomysis

a shrimp-like organism which is

a food item of other estuarine organisms (although not as important as Gammarus)
may be adversely affected by the reduced flow, while Gammarus, being more tempera
ture tolerant, are not affected by temperatures below 95 F.

The delta T of 25°F and

the increased exposure time to temperatures above ambient will exceed the tolerance
limits of Neomysis when the ambient water temperature is above 55° F.

The signi

ficance of the potential increased mortality to Neomysis at Indian Point is dependent
upon the location of the salt front and the relative importance of this species in the
diet of economically important species.
than in fresh water.

Neomysis are more abundant in saline water

During periods when the salt front is at or upstream of Indian

Point a greater impact on Neomysis populations due to reduced flow operation can be
expected.

The period when Neomysis are most susceptible to increased mortality

generally extends from the summer through October.

Curtailing reduced flow opera

tions until November would reduce the potential increased mortality of Neomysis due
to the Indian Point facilities.

Whether temperature control will influence the river

populations of Neomysis remains to be determined by the probability is that such
control would have little effect.
N.Y.U. studies show that there is no increase in Gammarus mortalities at
temperatures less than 950 (acclimation at 77 F) when they are exposed from 5 to
60 minutes.

Thus reduced flow, except during the summer when it is not a likely

operating mode, is expected to have no significantly adverse effect on the food web of
key species.
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Tomcod, a bottom oriented fish, may be adversely influenced by the reduced
flow operational mode. Tomcod spawn during the winter, and their larvae can be
expected to experience higher percentage mortalities, if entrained. New York Uni
versity laboratory studies indicate however that larvae over 44 hours old can tolerate
a temperature increase of 26 0F for thirty minutes. Consequently temperature -induced
mortality-will be restricted to a relatively short time period in the development of
tomcod larvae. The operation of the deicing loop at Indian Point will result in addi
tional temperature increase and residence time of the cooling water, and
these increases will exceed the tolerance limits of the tomcod larvae. Sampling in
the discharge canal at Indian Point has resulted in the recovery of tomcod larvae. It
is believed though that an insignificant impact on tomcod eggs and larvae will occur
due to entrainment.
The bulk of fish eggs and larvae entrained at Indian Point are present from late
May through August. New York University studies have shown that an increase in the
plant delta T when the ambient river temperature reaches 65 0F (about June 7) at
reduced flow conditions and at full load would reduce the number of organisms en
trained but would at the same time produce unacceptable temperature conditions
for many of the species present. However, the reduced flow operational mode as
a means of reducing impingement mortality is not necessary, since this time period
has in the past been characterized by relatively low impingement in contrast to winter
months.
An additional consideration relative to the reduced flow operational mode in the
winter is the potential for cold shock to fish during an unscheduled plant shutdown.
A rapid temperature drop of 25 0F would most likely be lethal to those fish which
might be present in the discharge canal and possibly some residing in the close in
region of influence of the thermal plume in the river.
The potential for cold shock mortality is very remote however, due to the opera
tion of three units, and the designed 10 fps discharge velocity of the heated water into
the river. The potential for all three units to go down simultaneously is remote and
2-10

the potential for fish to enter the discharge canal is also low. Due to the discharge
velocity and the dispersion of the plume in the river it is doubtful that fish could exist
in a region of the plume which would have a high delta T. Therefore the potential for
cold shock in the river itself is slight.
Con Edison believes that reducing the plant flow during periods of high impinge
ment rates results in a significant reduction in fish impingement and that this mode
of operation does not appreciably increase the plant impact on other portions of the
ecosystem.

The current procedure of using reduced flow from October 1 to March 31

includes the periods of highest fish impingement and generally reduced abundances
of entrainable forms.

Because the impingement rate is relatively low during the

spring and summer and because of renewed biological activity in the spring and the pres
ence of temperature sensitive entrainable forms in late spring and summer, it appears
advisable to limit the use of reduced flow to the present October through March sched
ule. The period of reduced flow could be extended through April if the impingement
rate is increased in April.
Reductions in plant mortality can also be achie~ved by reducing the number of
circulating pumps operated. The minimum number of pumps that can support plant
operations in the winter is three. In the summer time significant reductions in plant
capacity are associated with the operation of less than 6 pumps.
During the winter when entrainment is not a. problem it is preferable to operate
the plant at a reduced flow at each main pump because no plant derating is involved
and plant reliability is maintained (see Table 2-3).

During the summer a reduction

in the number of pumps operating is not a feasible method of protecting entrained
organisms because of concurrent increases in delta T concurrent with reduced
flow.
Pending completion of the ecological study Con Edison presently plans to oper
ate Unit 2 with 6 circulating pumps (except when the deicing system is in operation
which is infrequent) at a reduced flow rate of 84,000 gpm/pump from October 1 to
March 31.
2-11

Table 2-3.
No. Pumps Operated
at 60%

I.P. 2 Derating (Basis = 906 MWe) River Temp 40 0 F
Deicing Flow
gpm

Ambient Water
Withdrawn, gpm

AT

Turbine
Derating, MWe

6

0

504,000

25.2

No Derating

6

84,000

420,000

30.1

No Derating

6

168,000

336,000

38.5

No Derating

Circulating Pump Motor Rating 900 hp or 0.67 MWe
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2.4

Fine Fixed Screens

-

Cleaning

The fine fixed screens, located at the mouth of the intake forebay, are con
structed of fine mesh (0.080 in. diameter) with 0.375 square inch openings.
At times the debris load in the Hudson River is heavy and the debris accumu
lates on the intake screens.

As the screens become clogged and the area for water

passage is reduced and the water velocity passing through the screen is increased.
As a regular plant procedure to prevent excessive velocities from developing, the
fixed screens have been raised and cleaned daily. Ifa heavy debris buildup occurs,
as indicated by the head loss across the fixed screens, the screens can be cleaned
more frequently than once daily to maintain a low intake velocity.
Since the air curtain was iinstalled directly in front of the fixed screens the
amount of debris which accumulates on the fixed screens has been reduced markedly.
While the air curtains are operating, intake velocities will remain near design condi
tions and screen cleaning can be less frequent.
It is important from a biological viewpoint to keep the screens as clean as
possible.

The accumulation of debris and marine growths on the screens reduces the

area for water passage, thus resulting in an increased flow velocity through the
remaining area.

Fish impingement tends to be correlated with flow velocity, among

other things (presence of fish), and therefore all measures to minimize flow velocity
(keeping the screens clean) will minimize fish impingements.
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3.0

THERMAL DISCHARGES
3. 1 Discharge Canal Gate Operation
The discharge canal at the Indian Point Station has undergone several modifica

tions since Indian Point started operations in 1962.

(See Figure 3-1.)

The first two

arrangements shown were used for Unit No. 1 only. Their primary function was to
prevent recirculation of the heated discharge to the Unit's intake.
With the addition of Unit No. 2 at Indian Point, the additional heat dissipation
would have been a problem with the surface discharge.

Con Edison then designed and

built the present discharge structure with submerged ports for discharging water,
which became operational during 1970.

This structure comprises a series of 10

adjustable openings 15 feet by 4 feet, 21 feet on center and located on the canal wall
on the river bottom.

The new structure offered considerably better characteristics

for dissipation of thermal discharges and modelling studies indicated it would be
appropriate for the Unit No. 2 discharges.

The addition of Unit No. 3 required fur

ther modifications consisting of moving the ports six feet up from the river bottom
in order to meet New York State Thermal Criteria (see section 3.2).

This change

provided for greater dilution of the water discharge jets coming from the submerged
ports and thereby a reduction in the extent of the thermal plume resulting from plant
operation.
Other modifications have been made to the discharge structure.

The most

recent involved the repair of leaks and making various structural modifications to
allow the discharge canal wall to withstand a head differential that will give a dis
charge velocity such that New York State Thermal Criteria are met. These modifications
were completed during November, 1973.
One other modification to the canal is presently being undertaken by Con Edison.
It consists of the installation of electric motors to enable raising and lowering the
gates remotely from the control room of Unit No. 2 rather than manually as is
presently done. The new system is expected to be operational late in 1974.
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Figure 3-1.

The Evolution of the Indian Point Intake and Discharge Structures
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The Environmental Technical Specifications Requirements (ETS) for Indian
Point Unit No. 2 require operation of the outfall structure gates in such a manner as
will assure compliance with the New York State Thermal Criteria.

In order to achieve

compliance at high power levels, water exiting through the discharge canal gates
must achieve some significant discharge velocity, with the ETS specifying a velocity
of 10 fps at the vena contracta of the jets. This is accomplished by providing a differ
ence of 1. 5 to 107 feet between the water levels inside the discharge canal and in the
river.

(This operating condition of a 10 fps discharge velocity is waived when the
combined power output of Units 1 and 2 is less than or equal to 50% of maximum. In
such a case, the only requirement is that the New York State Thermal Criteria be met.)
The ETS also requires at this time that gate adjustments be made within 4 hours

after a change in condenser cooling water flow rate. The Company has asked* the AEC
to change this time requirement from 4 to 12 hours since the latter would better allow
sufficient time for manual change of the gate configuration under adverse weather
and other conditions.
Operation of the discharge structure will assure considerable dilution of the
plant effluent, the effects of which are being monitored by ongoing river studies. To
the extent possible with the existing design, alteration to the discharge configuration
in the interim period prior to installation of an alternate cooling system will be
undertaken if such mitigation is found to be needed by the ongoing ecology study
program.

*

Letter dated September 14, 1973 to A. Giambusso of the AEC, from C. L. Newman
of Con Edison.
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3.2

Monitoring of Thermal Discharges
Introduction

Con Edison has designed and is in the process of initiating an extensive thermal
monitoring program in the vicinity of Indian Point. Among the objectives of the pro
gram are:
(1)

Determine the extent of the plume resulting from plant thermal
discharges to permit development of a strategy for maintenance of
water quality and,

(I1)

Provide data for comparison of the relationship between the thermal
discharge to the river and the thermal response of the river as predicted
by mathematical and physical models, so as to improve and modify
those models as analytical predictive tools for future thermal
discharges under anticipated conditions.

The above objectives can be satisfied through the employment of two distinct, but
complementary efforts. These efforts can be categorized, and will be denoted as:
(a)

Routine Thermal Monitoring

(b)

Intensive Thermal Survey

-

-

geared to satisfy objective (I)

geared to satisfy objective (II)

This program will be conducted during the first year of full power operations of Unit
No. 2, except when ice is on the river.

The schedule currently envisioned has effort

(a) occurring during the months of March, April, June, July, August, September,
November. Past history indicates that the river will contain ice during the months of
December through February. It should be noted that a more comprehensive program
will be conducted during the month of August. Effect (b) is currently scheduled for
the months of May and October.
As results of the thermal monitoring programs become finalized, plume
data will be available as input to the ongoing Hudson River Ecological Study Program.
Thus, a detailed description of the thermal plume will be made available to the
biological investigators for their assessment of the plant effluent's potential for

impact on biota. The nature of the mitigating procedures needed in this regard will be
more clearly understood upon the conclusion of the one year -data gathering effort.
Routine Thermal Monitoring
The Company has tentative plans for a thermal monitoring program to be done
by a contractor.

However, contract negotiations are still in progress.

This program is designed to demonstrate that the thermal discharges resulting
from operations of Unit Nos. 1 and 2 will comply with the New York State Thermal
Criteria. Each monthly monitoring effort will involve the acquisition of data for
the four major phases of the tidal cycle (high and low slack, maximum ebb and flood).
The extent of the plume will be quantified for comparison with the constraints of
the thermal criteria (maximum surface temperature, surface width, and cross
sectional area).

Spatial and temporal mappings of the thermal plume, from discharge

temperature down to 200F excess temperature and with contour intervals of 0.50F,
will be constructed.
The scheduling of each monthly program will be attempted to coincide not
only with steady state operation of Indian Point at its maximum power output over
several tidal cycles prior to the field measurements, but to include nearby power
plants.

This will maximize the heat discharged to the river. The effect of the other

power plants (Lovett and Bowline) will be considered.
A significant portion of each monthly program will be directed to the delinea
tion of ambient temperature in the affected region. Numerous transects will be
conducted (laterally across the river) outside of the reach of the river affected by
the power station. Fixed stations and/or boats will be employed, with temperature
and salinity measurements being acquired at several stations per transect and at
several depths per station.
The actual plume measurements can be divided into those conducted in the near
field and those obtained in the far field. Different procedures and instrumentation
will be used, since the former plume extends to a greater depth than the latter.
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Near field measurements are envisioned to be obtained via a vertical string of
thermistors, extending to a depth of about 30 feet, attached to a vessel making a
criss-cross pattern over the near field. The far field will be mapped through the
use of thermistors concentrated near the surface, with the vessel making many
transects across the river. This pattern will be repeated over, each phase of the
tidal cycle. The advantage of this procedure, employing, say, two vessels to map
the plume, over only fixed stations, is that the boat can follow the different shapes
and direction of the plume over the various phases of the tidal cycle. The temperature
data will be acquired over a time period such that the positions of the plume will not
significantly shift.
The routine thermal monitoring effort scheduled for August is to be expanded
to cover four tidal cycles. Two will be run consecutively, thus indicating the diurnal
variation of the thermal plume. A more detailed mapping of the near field will be
provided by measuring the temperature and velocity of the discharge jets. The
latter is aimed at addressing the question of the occurrence of a local hot spot
(during the warmest time of the year) and thus compliance with the 90OF limitation
of the New York State Criteria.
As in the other routine surveys, ambient salinity profiles will be obtained. In
addition, hydrological and meteorological measurements such as river current,
wind speed, etc. , that are necessary for the evaluation of parameters that relate to
the intensity and extent of the thermal plume will be obtained. These parameters
include dispersion coefficient, net-non tidal flow, and thermal stratification factor.
The completion of this program will result in a compilation over the seasons of
isopleths of temperature that can be compared with the state thermal criteria. It can
assist in identifying any particular season (or month or set of conditions) that might
result in a discharge that would contravene the criteria. Thus, any subsequent
monitoring would focus, or concentrate, on this period of time; or the plant operation
can be adjusted, via, for example, modification of the discharge structure to alleviate

the condition. Conversely, the program could demonstrate that there is no possibility
of the plant contravening the applicable criteria.
Intensive Thermal Monitoring
This portion is designed to acquire sufficient data to evaluate the results pre
dicted by the existing analytical and physical hydrothermal models, and if necessary
modify them. These models have been used to simulate the effect of Indian Point on
the Hudson River under what has been identified as the most severe or critical river
conditions in terms of compliance with the state thermal criteria. 1,2,3 Iti3ssnil
therefore, that any model verifications measurements be conducted under similar
conditions. A survey of historical hydrological and meteorological records indicate
that the most adverse conditions are, in order of decreasing severity,
(a)

May, with a fresh water flow of about 20, 000 cfs; (salt front below Indian
Point) hence, one layer flow.

(b)

October, with a fresh water flow of about 4000 cfs; (salt front at Indian
Point) hence, two layer flow.

1
Quirk, Lawler and Matusky, Engineers, "Effect of Submerged Discharge of Indian
Point Cooling Water on Hudson River Temperature Distribution, "-October 1969,
Appendix M, Supplement No. 1 to Environmental Report, Indian Point Unit No. 2,
September 9, 1971.
2Ibid, "Supplemental Study of Effect of Submerged Discharge
of Indian Point Cooling
Water on Hudson River Temperature Distribution,"1 May 1972, submitted as Appendix
B-2 to the ASL Board for the Licensing Hearing Docket No. 50-247.
3 Testimony

of John P. Lawler, Quirk, Lawler and Matusky Engineers, "The
Effect of
Indian Point Units 1 and 2 Cooling Water on the Hudson River Temperature Distribu
tion, " April 5, 1972, Docket No. 50-247.

It is planned to conduct intensive surveys at the above time. This effort will
provide information towards satisfying objective (I) under adverse conditions.
The scope of the intensive survey is detailed below. The concern about steady
state power levels described in the routine monitoring sections also applies here.
An introductory analysis is under way, utilizing both the mathematical and
physical models, along with existing thermal data for the site, to determine the
location for possible surface and subsurface transects. Interactions between the
thermal plume of Indian Point and other power plants is being investigated.
The experimental data acquisition portion of each intensive survey will be of
about 10-15 days duration. This should provide reasonable reproducibility over many
tidal cycles, and minimize uncertainty attributable to perturbations in experimental
conditions. The data acquisition procedure (i.e.*, methodology for far field and near
field plume mappings) described under routine monitoring will be employed here,
however, as indicated below, the level of effort will be much greater.
(1)

Measurement of River Parameters

This aspect will determine the salient river and atmosphere parameters, such
as salinity, net non-tidal flow, fresh water run-off, river velocities, heat exchange
(or heat transfer) coefficient, thermal stratification factor, dispersion coefficient,
and the local meteorology,
(2)

Near-Field Measurements

The near field is defined as the region within which effluent momentum is de
tectable as compared to natural dispersive processes and tidal momentum. For
several discharge port configurations, thermal plume velocity (speed and direction)
as well as temperatures will be obtained. The results will be time dependent three
dimensional temperature and velocity profiles (over a tidal cycle and over a number
of required cycles).

Far- Field Measurements
The far field program will include aerial temperature surveys along with tri
axial measurements through the detectable Indian Point plume along with velocity
measurements. The interaction between the near field and far field will be considered.
The results will be time dependent three-dimen sional temperature and velocity pro
files (over tidal cycle and over a number of required cycles).
Upon completion of each of the intensive programs, a detailed analysi s and
evaluation of the data will be undertaken.
The near field measurements will be compared to the results of the undistorted
hydraulic model and the submerged discharge mathematical model. The far field
measurements will be compared to the distorted physical model and the far field
mathematical model. The results of both the far field and near field will be inte
grated to present the spatial and temporal temperature distribution in the river. Any
modifications needed in either the physical models or the mathematical models will
then be incorporated,
The "updated"1 models can then, if the need arises, be run with conditions other
than those occurring during the survey, and it will be possible to evaluate the re
sponse of the river with respect to the thermal criteria under any and all conditions,
Long Term Plant Monitoring
The long term plant monitoring program is geared to maximize the utility of the
information generated by the aforementioned thermal program.

Continuous tempera

ture measurements are being made at the intake and in the discharge canal at its
confluence with the river. In addition, changes in the flow rate of the circulating
water system are noted. Knowledge of these items (flow rate and temperature) pro
vides a continuous record of the heat discharged to the river, which is the plant input
data to the mathematical and physical models.

The river parameter required by the

models are the fresh water flow, which is continuously recorded upstream of the
facility at the Federal Dam, and salinity, which is obtained at Indian Point. The
local meteorology is recorded at the site.

The thermal stratifications factor will
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be obtained from the results of the field program.

It is seen, therefore, that once

the models are verified (or calibrated), all the input data to run the models are
available. If a unique set of conditions arises, the models can be used to indicate
changes in the extent of the resulting thermal plume.
Conversely, an analysis can be performed to indicate which combination of
physical parameters would cause concern as to contravening the state criteria. Under
these conditions, a short-term program concentrating on the particular area of concern
would be all that is required.
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3.3

Thermal Shock

As required by the plant's Environmental Technical Specifications, the rate of
change of temperature in the circulating water system is limited to reduce the potential
for shock to aquatic biota. The specific relevant conditions for operation are (1) tem
perature rises of no more than 15 0 F per hour and (2) temperature decreases during
normal operation of no more than 70 F per hour. These limits provide assurance that
minimal stress will be induced on river organisms from thermal shock and will be
complemented by the knowledge gained and observations made during the ongoing river
studies to determine what, if any, alterations to these limits are required.
In a series of temperature shock experiments on juvenile white perch and striped
bass , mortalities and complete equilibrium loss was observed when fish acclimated
to high ambient. temperatures were exposed to a 150 F or more temperature rise.
Mortalities and equilibrium loss were also observed when these species, acclimated
to a relatively low water temperature (45 0 F) were suddenly. exposed to a 100F or
more temperature decrease.
On December 12, 1972, a rapid shutdown occurred at Unit 1 while fish sampling
was being conducted in the discharge canal. The ambient river temperature at this
time was 37.40F. On this occasion the temperature dropped 22.6 0F in 30 minutes.
White catfish and tomcod collected after the shutdown showed signs of stress.
However, after being held at ambient water temperatures for observation for up to
114.5 hours, no mortalitiocures. White catfish were abundant in the canal prior

3-11

to shutdown, but much less abundant after shutdown.

Based on the recovery of the

stressed fish in the laboratory, and the fact that no kill was observed, the evidence
suggests that most of the fish left the canal (probably in a stressed condition) but
recovered from the cold shock.
When Indian Point Unit 2 is operating at reduced flow during the winter months
there will be the potential for a repetition of this experience to fish residing in the
discharge canal or, in parts of the thermal plume close to the discharge parts. Cold
shock could occur when the unit (or units, if Unit 1 and 3 are also operating) goes off
line quickly during an unscheduled outage causing the temperature in the discharge,
canal and in the thermal plume to drop rapidly. (During scheduled outages the temper
ature can be lowered gradually).

When Unit 2 "trips", the temperature of the Unit 2 dis

charge could drop 25 0F within 1 hour (however, only in a small river volume in the
vicinity of the discharge), a temperature/time differential which may exceed
the tolerance of some fishes in the Hudson River.

The timing and frequency of un

scheduled outages in the winter is impossible to predict, but is expected to be very
infrequent. When Indian Point 2 and later Indian Point 3 come on the line utilizing,
as planned, a common discharge structure with Unit 1, the temperature in the dis
charge can be maintained by each of the plants operating alone. The probability of. a
simultaneous forced outage of all three plants is so remote as to make the biological
implications insignificant.
The likelihood of a cold shock to fishes is further reduced because there are a
number of factors which will work to minimize the possibility of cold shock. In the
canal, the exit velocity through the discharge ports will be maintained at about 10 fps,
which will prevent most fishes from swimming into the discharge canal. If fishes are
excluded from the discharge canal they will not become acclimated to the full tempera
ture rise.
Con Edison believes that the potential for a lethal cold shock to fishes in the
discharge plume is extremely remote and the number of fish affected would have no
measurable effect on the river populations. The heated water. will exit from the dis
charge ports at a velocity of 10 fps and receive an immediate 1:-1 diluation with ambient
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temperature river water.

Because the warmest water will be at a high velocity near

the discharge ports and because the temperature drops rapidly as the water moves
away from the ports, Con Edison believes that fish will be unable to maintain them
selves near the ports and thus become acclimated to a temperature increase that could
be lethal if it were suddenly eliminated.
Con Edison believes that the circumstances described above indicate that lethal
cold shock to fish will be a very rare event if they ever occur at all and would be
restricted to fish residing in the discharge canal.

In addition, if a lethal condition

occurred, the loss of fishes in the discharge canal would represent a very small pro
portion of the existing populations in the River.

Based on the discharge canal sampling

in December 1972, white catfish is the predominant species in the discharge canal and
therefore is the species most likely to be affected.

This species has a relatively

large, thriving population in the Hudson River which would not be affected
by cold shock. Sampling in the discharge canal to date indicates that species of high
sport or commercial value are not found in large numbers, and therefore, thermal
shock to these species would have a negligible effect on their total populations.
Pending the results of current thermal experiments, Con Edison intends, during
a scheduled outage at Indian Point 2, to limit the decrease in plant delta T to 70 F per
hour as required by ETS until the plant reaches the 13% power level.
the plant will shut down in one final increment.

3-13

At that point

4. 0

CHEMICAL DISCHARGES
Introduction

Con Edison has proposed to meet certain discharge limits with respect to con
centrations of various chemicals at the confluence of the Indian Point discharge with
the Hudson River. The basis for such limits was determined in part from bioassay
work performed for Con Edison.
The basic approach of the Company in minimizing potential impact of discharged
chemicals on river species consists in operating the facility so as to maintain re
leases at the levels discussed below while monitoring the effects of such releases in
the river itself. By keeping releases within limits developed from actual toxicity ex
periments, harm to the river environment is expected to be slight, if at all noticeable,
permitting time to analyze data from ongoing river studies to determine what reduc
tion, if any, in discharges is warranted to protect aquatic species for the extent of
plant life. Monitoring of chemical discharges is sufficiently comprehensive to provide
assurance that releases are within the limits specified.

4. 1

Discharge Limits

Since the applicable water quality criteria for the Hudson River did not contain
specific concentration limitations, Con Edison undertook to establish limits for the
release of chemicals.

The basis for these limits was obtained in part from bioassay

work performed by the Raytheon Company, Environmental Analysis, and New York
University for Con Edison, and values from the literature (1, 2, 3).
Data collected from chemical bioassays performed by Environmental Analysts,
Raytheon Co. and New York University for Con Edison indicate that the level of pol
lutants that will be discharged are below the 1/10 TLm values for the sensitive spe
cies Menidia menida.
Comparing the proposed discharge limits with the results of the bioassay studies
it can be seen that the actual release concentrations under normal operating condi
tions will be below the 1/10 TLm values. At these concentrations the toxicity of any
of the compoments is minimal.

1. Indian Point Unit No. 3 Environmental Report, Appendix Z, The Biological Effects
of Chemical Discharges at Indian Point (January 1973).
2. Testimony of Gerald J. Lauer, PhD), New York University, "Effects of Chemical
Discharges from Indian Point Units 1 and 2 on Biota and on River Chemistry."
Docket No. 50-247, April 5, 1973.
3. Ibid

-

October 30, 1972.

Data collected from bioassay work on thermal effects of metal poisoning indi
cated that the thermal effect on the Hudson River biota at river background concen
trations of copper, zinc, nickel, cadmium, and chromium is minimal. The concen
trations of the metals investigated required to produce 50% mortality within 96 hours
are very much higher than concentrations actually found in the Hudson River. It can
be concluded that thermal discharges from power plants have no measureable effects
on the toxicity of metal ions to fish for the concentrations actually found in the Hudson
River.
Since the chemicals used in the operation of the plant are non-cumulative, a
small but constant concentration could be endured by the organisms. If the concen
trations are significantly below the TLm values (as they are during normal opera
tion) then the actual conditions and length of exposure should be of little consequence.
During evaporator failure or refueling, if an extreme concentration of a poten
tial pollutant were. released, discharge would not exceed the values shown in Table
4-1, since these values were determined for maximum conditions. If, however,
something did occur and these limits were exceeded, dispersion of the contaminant
would immediately follow. There would be a cushion of 80, 000, 000 gpm of tidal
water to absorb and/or dilute this extreme discharge and therefore a one time point
discharge would have little overall general effect on the water quality of the estuary.

TABLE 4-1

PROPOSED MAXIMUM CONCENTRATION OF CHEMICALS AT CONFLUENCE*
Chemical

Concentration (ppm)

Phosphate

1.5

Hydrazine

0. 1

Cyclohexylamine

0. 1

Lithium Hydroxide

0.01

Boron

1.0

Potassium Chromate

0. 05 (hexavalent
chromium)

Residual Chlorine

0.5

Sodium Hydroxide

10.

Sulfuric Acid

10.

Soda Ash

5.

Detergent

1.0

*Prior to dilution in the river.

4-4

Summarizing the factors that contribute to the conservative nature of the pro
posed limits:
(1)

The entire list of chemicals will not be simultaneously discharged.

(2)

When acids and alkalis are simultaneously discharged they will neutralize
the toxic effect of each other.

(3)

During the bioassay survey permissible concentrations were determined
by 48 hours exposures while the actual time of exposure to the discharge
concentration is estimated to be 2.5 minutes.

(4)

The discharge concentrations are subject to an almost instantaneous 50%
further reduction resulting from dilution when the discharge water emp
ties from the canal into the river.

Table 4-2 presents the maximum sustained release of all the chemicals.

4.2

Chemical Monitorina
Routing Chemical Monitoring

In addition to monitoring for chemicals that might be released by the station,
the chemical monitoring program also includes monitoring for salinity, dissolved
oxygen and turbidity (See Table 4-3).
The procedure employed is to sample both the plant intake and the discharge
canal at its confluence with the river; then the effect of the plant can be discerned.
The collection and analysis frequency established for each chemical was developed
through considerations of the nature of the potential release.
Environmental Surveillance Chemical Monito ring
In addition to the Routine Chemical Monitoring Program delineated above, ad
ditional chemical monitoring is part of the Indian Point Ecological Surveillance pro
gram. The objective of this task is to determine the biological significance on the
Hudson River ecosystem of the chemical additions from Indian Point Units No. 1
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TABLE 4-2
ANTICIPATED RELEASES

Concentration with
Dilution Flow of
100,000 GPM*
(ppm)

MAXIMUM SUSTAINED RELEASE (lb/day)
CHEMICAL AND
HOW RELEASED

Unit

Unit

No. 1

No. 2

(Column B)

RATIO;****
COLUMN B
COLUMN A (Table 2-1)

(A) Released Continuously
2

Phosphate

15

3.2x10

Hydrazine

Na

4.2x10

Cyc lohexylamin e

2.5

1. 2x10

Sodium Hydroxide

36

3. 0x10

2

2.2x10
- 3

2

4.2x10
2

1

1.2x102

3. 0x10

3

(B) Released on the Assumption of System Leakage
Posassium Chromate
(as Chromium)

Na

- 1

2. 5x10

5. 0x10

1

(C) Released on a Batch Basis
Residual Chlorine

- - - - -- - - - - - see text ---- --- -- ---0

Detergent
(2 hr/day)
Sodium Hydroxide
Sulfuric Acid

3. 0x10

2

3. 0x10

0

120
(1 hr, once a day)***

2.4x10
(2. 6x10 0)**

450
(1 hr, once a day)***

9. 0xl0

2
1

2.4x10
(2.6x10 -1 )**

0

9. 0x10

1

0
TABLE 4-2 (continued)

Concentration with
Dilution Flow of
100,000 GPM*
(ppm)

MAXIMUM SUSTAINED RELEASE (lb/day)
CHEMICAL AND
HOW RELEASED
(C)

Hydrazine+

Na

Unit
No. 2

No. 1

(Column B)

RATIO;****
COLUMN B
COLUMNA (Table 2-1)

Released on a Batch Basis (continued)
Soda Ash

(D)

Unit

1000
(2-4 times/year)

2. 5x10

24
(once/year)

2. 0xl0

0

5. 0xlO

-1

-2

2. 0x10

Released on a Batch Basis, in Event of Evaporator Breakdown
3

- 1

Lithium Hydroxide++

2.5

2.5

4.2x10

Boric Acid++

600

600

1. OxO0

2. 0x10

Sodium Hydroxide

Na

12
(2 hrs. once
every 4-7 days)

1.2x10I

1.2x10-2

4.2x10
°

2

*

Not Applicable (Chemical is not discharged from Unit)
Concentration calculated under most adverse condition, simultaneous release from Units Nos. 1 and 2.
Dilution flow is 1, 188, 000 gpm; hence with this flow concentrations would be 1/10 as much.

**

Concentration calculated considering sodium hydroxide release from (A) in addition.

***

This release results from regeneration of mixed bed ion exchangers. Sulfuric acid and sodium hydroxide
are also released simultaneously during this regeneration for 1-hour and upon completion of construction
of neutralization system neutralization occurs. Neutralized chemicals are not included in this table.

TABLE 4-2 (continued)

is the ratio of the most adverse concentration (Column B) to the maximum release concentration
(Column A). It is an indication of the degree of protection afforded the environment without consideration
of normal dilution flow and further dilution in the river itself.

***This

+

Chlorination will not take place at the same time hydrazine is released from Unit No. 1 (once/year).

++

This release (in lbs/day) is based upon the direct release of maximum reactor coolant system concentra
tions at the maximum rate of the waste disposal system. The occurrence of this release is therefore
very unlikely.

TABLE 4-3

LIQUID EFFLUENT MONITORING SURVEY
Collection and
Analyses Frequency

Parameter Analyzed for
Phosphate (Orthophosphate)

WK

Hydrazine

MO

Cyclohexylamine

MO

pH - (units)

DD

Lithium Hydroxide

D

Boron

D

Chromium (Hexavalent)

WK

Residual Chlorine (free and combined)

D

Chlorine Demand

WK

Sodium Hydroxide

DD

Specific Conductance (Salinity)'

WK

Soda Ash

D

Sulfuric Acid

DD

Turbidity

WK

Dissolved Oxygen

WK

Detergent

MO

Notes for Table 4-3:
1. WK (weekly), MO (monthly), D (during discharge), DD (during discharge of
regenerant wastes). Samples will be taken hourly during accidental or unplanned
discharges.
2.

Samples for the analyses of all parameters except chlorine demand and residual
chlorine will be taken at the plant intake and at the confluence of the discharge
canal with the Hudson River.
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TABLE 4-3 (continued)
Notes for Table 4-3 (continued)
3. Chlorine demand will be taken at the plant intake. Samples for residual Chlorine
measurement will be taken at both the condenser outlet water box and at the
confluence of the discharge canal with the Hudson River. The latter measure
ments are performed at approximately ten minute intervals while chlorination is
taking place.
4. No heavy metal discharges are planned or anticipated other than those listed on
the above table.
5. All samples shall be taken and analyzed in accordance wtih approved standard
methods.
Approved standard methods are published by: (1) The American Society for
Testing and Materials in the "Annual Book of ASTM Standards, Part 23, Water:
Atmospheric Analysis,"1 (2) Water Works Association and the Water Pollution
Control Federation in the book "Standard Methods for the Examination for Water
and Waste Water,"1 and (3) "Methods for Chemical Analyses for Water and
Wastes,"1 Publication No. 16020, Environmental Protection Agency, 1971.
In cases where: (a) the existing standards are not applicable; (b) conflicts exist
between standards; (c) no standards exist; or (d) newer technology outdates
existing standards, an evaluation will be made by Con Edison in light of the latest
technology as to the applicable standard method to be used.
6. Sodium Hydroxide, Lithium Hydroxide, Sulfuric Acid, and Soda Ash shall be
determined by monitoring pH.
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and 2.

Measurements of the physical-chemical correlates of biological parameters

commenced in April 1972 and will continue until January 1, 1976. It is essential
that
this information be gathered as supporting data relating the conditions, behavior
and
distribution of fish life. This information will be analyzed and factored into the
final
report issued from the study.
The biological significance of the chemical discharges from the plants will be
determined by establishing the rate, quantity, and distribution of these discharges,
and relating these to the densities and distributions of zooplankton, phytoplankton,
fishes, and benthos in the study area on a seasonal basis.
Physical and chemical parameters are being measured in the intake bays and
effluent canal and also at three transects: one from Verplanck southwest to Stony
Point, one from Jones Point to Peeksilll, and the third, a Y-shaped transect, at
Indian Point. Each transect includes a main channel (deep) and a bay area
(shallow) which allows for evaluations in different habitats. The northern transect
serves as the control and the southern will show the effects of passing through
the
plant's influence. The middle transect is designed to sample close to the nuclear
facility itself. The physical-chemical measurements (along with previous data)
will
define those physical and chemical properties of the estuary which have important
influences on the biota (Table 4-4).
The end result of this measurement program will be an atlas, which presents a
multidimensional picture of the pertinent variables in the Indian Point area of the
lower Hudson River. This reference will serve as a data base, in a readily usable
format, which will allow investigators to quickly recognize the onset of unusual
conditions of water quality. Current velocity (as a function of season and wind
conditions) is being measured with depth for six tidal cycles spanning one lunar
month.
Dissolved ion ratios are being measured to ascertain the location of the migratory
"salt wedge" which is a critical factor in several species' distributions.

These data,

along with temperature and specific conductivity, are used to define "salinity."
Dissolved oxygen is measured to assist in the identification of water inputs that
degrade
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TABLE 4-4

ECOLOGICAL SURVEY
WATER QUALITY MEASUREMENTS AT PLANT INTAKE AND DISCHARGE
AND AT THREE TRANSECTS IN THE RIVER

Parameter

Frequency

Temperature

Weekly

pH

Weekly

Conductivity (salinity)

Weekly

Turbidity

Weekly

Alkalinity

Monthly

Bicarbonate

Monthly

Ammonia

Monthly

Orthophosphate

Monthly

Nitrates

Monthly

Carbon (inorganic and
organic)

Monthly

Chlorine demand

Weekly

Free Chlorine

Weekly

Residual Chlorine

Weekly

Dissolved Oxygen

Weekly
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water quality and will be included in the atlas via a grid system as will pH.
is also included because of its relationship to photosynthesis.

Turbidity

Inorganic and organic

carbon are monitored as indicators of organic pollution and because of their relation
ship to secondary production of filter feeders and dissolved oxygen levels. Chlorine
demand, residual chlorine concentrations, and organo-chlorines are also measured
as a direct chemical perturbation.
Survival experiments will test the immediate effects of chlorine dosages
routinely added by plant operations on fish residing in the vicinity of the effluent canal.
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4.3

Dissolved Oxygen

It has been suggested that Indian Point will lower the D.O. concentration
in its
ciroulating water (and thus in the river) because of temperature and
pressure effects
on the saturation value of D.O. In addition, the increased metabolism
of organisms
when subjected to higher temperatures may have an influence on the D.O.
concentra
tion in the river.
Studies by QLM 1 ' 2have shown the former effects to be relatively unimportant.
The loss of D.O. through the cooling system was mathematically modeled
using the
effects of changes in temperature and pressure on cooling water D.O.
concentration.
Table 4-5 summarizes the results of this modeling study for the more
critical summer
conditions when the solubility of 02 in the river is at a minimum.
QLM also mathematically modeled the D.O. level in the Hudson River
using a
model consisting of 28 segments of varying lengths over a stretch of
river from Troy
Dam to the Battery. This model included (a) transport mechanisms by
advection and
dispersion, (b) first-order bio-oxidation, (c) reaeration, (d) benthic
oxygen intake and
(e) constants (zero-order) to account for other mechanisms such as
addition of B.O.D.
due to river organism mortality, addition of dissolved oxygen by algal
photosynthesis,
etc.

1.
2.

Table 4-6 summarizes the results of this modeling study.

Testimony of Dr. John P. Lawler, "Effect of Indian Point Units 1 and
2 Operation
on Hudson River Dissolved Oxygen Concentrations," November 13,
1972.
Indian Point 3 Environmental Report, Appendix FF, pg. IV-44.
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TABLE 4-5
DISSOLVED OXYGEN LOSS THROUGH INDIAN POINT UNITS (Modeled)
1, 2, and 3

Conditions

TIDAL AVERAGE

Unit

Temp.

760
76
76
74 0 F
74
74

LOW SLACK WATER

Influent Conditions
Dissolved Oxygen
Actual
Saturation
mg/1
mg/1

Effluent
Conditions
Temp OF
Dissolved
Oxygen mg/1

7.11
7.11
7.11

8.15

88. 6

8.15
8.15

7.11
7.-11
7.11

76 0 F
76
76

7.01
7.01

76 0 F
76
76

7.01

7.01

7.01
7.01

Inplant Loss
(-) or gain
(+) in D.O.
mg/1

90.9
92.2

6.91
6.88
6.87

-0.20
-0.23
-0.24

8.29
8.29
8.29

86.6
88.9
90.2

6.92
6.89
6.88

-0.19
-0.22
-0.23

8.15
8.15
8.15

88.6
90.9
92.2

6.82
6.79
6.78

-0.19
-0.22
-0.23

8.29
8.29
8.29

86.6
88.9
90.2

6.88
6.80
6.79

-0.18
-0.21
-0.22

TABLE 4-6

THE OVERALL EFFECT ON DISSOLVED OXYGEN CONTENT
OF HUDSON RIVER
OXYGEN CONCENTRATION, mg/1 at INDIAN POINT (Modeled)

Tidal
Average

Low Water
Slack

NO heating

7.20

7.10

Heating by Bowline
Unit 1 and 2 Lovett 1-5
Roseton 1 & 2 and
Danskammer 1-4

7.16

7.06

% Loss of D.O.

0.56

0.53

Heating by Bowline,
Lovett, Roseton,
Danskammer and Indian
Point Units 1, 2 and 3

7.11

7.01

% Loss of D.O.

1.25

1.25
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Field studies were made on August 17, 1972 to verify these models.

As a result

of these studies and the mathematical models, QLM has concluded that dissolved
oxygen reduction in the Indian Point Units 1 and 2 cooling water system (inplant loss)
will be minor, approximately 0. 2mg/i under summer conditions; and that heating
effects, together with the oxygen loss in the condensers will, under the least favorable
ambient conditions of flow and temperature, cause a reduction in the river D.O. con
centration of approximately 0. 1 mg/i below the unheated condition. This change of
D. 0. concentration will exert a less significant effect on Hudson River biota than that
of the existing diurnal cycle (variation of 0. 2 mg/i).
A further study of D. 0. concentration in the Hudson River and how it is influ
enced by plant operations is scheduled to be conducted during 1974.
The program will be conducted for 30 consecutive days during the spring, summer,
fall and winter of the first year of operation.

Representative measurements of the D. 0.

concentration and temperature at the intake, and confluence of the discharge canal and
the river (possibly at various depths and locations) will be taken. Measurements will
also be taken immediately in front of the intake and discharge canal and at other points
in the river. Plant flow rate will be recorded.
When the air bubbler is in operation, measurements at the intake will be taken
away from its influence. The air bubbler is usually run when the water temperature
is less than 40 0 F, but provision will be made to take some winter time D. 0. measure
ments without the bubbler in operation.
If this study indicates that there will be a significant drop in the D.0. concentra
tion in the river due to plant operation, mitigating measures, such as aeration in the
discharge canal, can be considered.
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4.4

Neutralization of Acids and Bases

The amounts of acids and bases mentioned in a previous section as being
released into the river are the maximum quantities which can be discharged prior to
the operation of the neutralization system. This system, which is expected to go into
operation in the spring of 1974, will collect the regenerant wastes from the plants'
make up water demineralization facilities and eliminate the discharge of acids and
bases from the demineralization system. Total discharge of acids and bases from
the plant will therefore be greatly reduced.
The liquid collected will consist of acid and base solutions used to regenerate the
resins in the demineralizing plant's ion exchangers. These wastes will be collected
and drained to a large holding tank in which they will be neutralized in batch fashion
before being released to the discharge canal. Batch neutralization minimizes the
amount of neutralizing materials to be added by allowing cross -neutralization between
acid and basic solutions.
The solution to be discharged to the discharge canal will contain acid-base salts
in a neutral solution which will be essentially harmless to biota and which, after
dilution in 100, 000 gpm or more of circulating water will be undetectable. This
system will eliminate the possibility that acid or basic solutions from the deminerali
zation plant will harm the aquatic life in the vicinity of the discharge in the discharge
canal and, although it will increase very slightly the level of dissolved solids released
from the plant, the system will result in an overall increase in the quality of the water
leaving the plant.
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4. 5

Reduction of Chlorine Discharges

Introduction
A sodium hypochlorite system is provided for the specific purpose of preventing
the growth of fouling slimes on the inner surfaces of the condenser cooling water
system.
When sodium hypochlorite is dissolved in water, it dissociates to form sodium
ions and hypochlorite ions.
The hypochlorite ions then react to form hypochlorous acid.

The ratio of hypo

chlorous acid to hypochlorite ion depends upon the pH of the solution.

Since it is

hypochlorous acid that is the principal disinfectant in chlorine solutions, the efficiency
of disinfection will be substantially greater at low pH values where the hypochlorous
acid content is greater.
If ammonia is present, chloramines will be formed upon the addition of sodium
hypochlorite to the water.

The disinfecting properties of chloramines are only a few

percent of that of hypochlorous acid.

Increasing the amount of ammonia decreases the

acid concentration, increases the pH and thus decreases the rate of kill.

Chloramines

are more persistent in the natural environment than hypochlorous acid but are not
necessarily more toxic.
Chlorine is dissipated in water by reacting with reducing agents as well as with
organic substances and organisms.
water.

This loss represents the "chlorine demand" of the

Hypochlorous acid is also decomposed by exposure to daylight (ultra violet rays

from the sun).
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The Unit No. 1 condenser at Indian Point has four condenser sections.

Chlorine,

as sodium hypochlorite, is introduced by manually starting a pump, injecting a sodium
hypochlorite solution into the cooling water at a point between the traveling screens and
the circulating pumps.

It is first introduced into two sections of the condenser for

one-half hour during the daylight hours.

The chlorine is then similarly introduced into

the remaining two sections for one-half hour, so that only one-half of the cooling water
is chlorinated at a given time.

Control of the amount of chlorine injected is achieved

by adjustment of the hypochlorite pump stroke and observation of the tank level.

The

water from the chlorinated and un-chlorinated sections mix within seconds after leaving
the condenser resulting in a 1:1 dilution.

The chlorine residual dissipates quickly

from exposure to daylight and the chlorine demand so that discharge concentrations are
usually 0. 1 ppm or less.
denser is one hour.

The overall time during which chlorine is added to the con

This procedure is repeated as required on alternate days for a

maximum of 3 days each week.
The Unit No. 2 condenser has six sections.

The chlorination procedure will be

similar to Unit No. 1. That is, one-half of the condenser (3 sections) will be chlorinated
manually during the daylight hours for one-half hour, followed by chlorination of the
other three sections for one-half hour.

Flow of sodium hypochlorite will be regulated

by adjustment of flow control valves and observation of tank level.

(See Figure 4-1)

Chemical tests are performed on the condenser outlet to insure adequate
chlorination levels in the condenser sections.

Tests are also performed on the dis

charge canal to insure that compliance with the concentration limit of 0. 5 ppm is
maintained.
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Present plans call for chlorination of Unit No.. 1 and Unit No. 2 condensers on
alternate days so that chlorine would be introduced into the cooling waters of either
Units No. 1 or No. 2 for a maximum of six days of the week for one hour each day.
During full capacity operation the volumes of water treated with chlorine at a given
time would be 140, 000 gpm from Unit No. 1 and 420, 000 gpm from Unit No. 2.
The targets of the chlorine are the fouling organisms growing on the inner sur
faces of the condenser cooling system. An exposure time of one-half hour, three days
per week has effectively controlled such growths at Indian Point Unit No. 1.
In comparison with the target fouling organisms, the organisms passing through
the condensers in the cooling water at the time of chlorination are exposed to full
application concentration in the condensers for less than 15 seconds, and exposure to
the decreasing concentrations in the cooling water discharge for an additional few
minutes, the exact concentration and time depending upon the effective dilution and
dissipation rates.
While it is expected that some of these non-target organisms in the cooling water
are killed during the chlorination period, studies of the phytoplankton and zooplankton
populations have produced no indication that chlorination had a discernible effect on
these populations in the river.
Laboratory bioassay tests on fish population found in the Hudson River near
Indian Point by New York University resulted in 100% survival of small white perch
and striped bass for three hours when exposed to 0. 75 ppm and 0. 60 ppm initial
chlorine residual that dissipated to undetectable limits within one and one-half hours.
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Figure 4-1. Chlorination Flow Diagram
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The Program
It is evident from the discussion above that a complete program to determine the
minimum chlorine that can be discharged consistent with plant operations must take
into account the following factors, fixed and variable.
1.

River Water Temperature

2.

River Water Chlorine Demand

3.

Condition of Equipment (Condensers)

4.

Frequency of Chlorination

5.

Duration of Chlorination

6.

Hypochlorite Feed Rate

7.

Residence Time of Chlorinated Cooling Water in Canal

In order to provide a means to assess the impact of each factor, fixed as well as
variable, the following concept will be employed: one half of the condenser will be
chlorinated according to existing schedules and programs to act as a control while the
other half will be subject to changes in chlorination techniques according to the program.
The following tests will be performed during this program.
Test No. 1 - To determine the effect of reduced residual chlorine concentrations,
one-half of the condenser will be chlorinated at the established or
previously determined acceptable concentration.

The other half

of the condenser will be chlorinated to one-half the concentration
in the control sections of condenser.

It will be necessary, of

course, to systematically reduce the concentration and also allow
sufficient time to develop and ascertain effects.

Therefore such

a program may require several seasonal cycles to take into effect
the fixed factor of river water temperature.
Test No. 2

-To

determine the effect of reduced frequencies, one-Lhalf of the con
denser will be chlorinated at the established frequency while the
other half of the condenser will be chlorinated in accordance with a
reduced frequency schedule. Thus by a comparison of each
4-24

condenser half, we will be able to determine, for instance, whether
reduced frequency or perhaps increasing temperatures have pro
duc ed th e ob serv ed eff ect.
Program Monitoring
The results of the program will be monitored primarily by inspection of the con
densers and comparison of observed effects. Additionally, turbine exhaust pressures
and circulating water temperature rise will be observed.

A semi-monthly inspection

frequency is planned depending upon operating conditions.

It is anticipated that indi

vidual sections will be inspected during periods of reduced loads.

We would note that

turbine exhaust pressures and circulating water temperature rise are not sensitive
indications of condenser fouling. Should these measurements indicate adverse con
ditions, this would be an indication that excessive fouling has occurred which will re
quire cleaning to prevent the loss of unit efficiency.
Program Implementation
It is anticipated that the program will be initiated when chlorination is started
0
again in the Spring of 1974 when the river water temperatures exceed 45 F. It should
be noted that although no formal program for reducing chlorine discharges has been

implemented due to the intermittent operation of our units, a considerable reduction
in chlorine discharges has been realized through an awareness of plant personnel to
the basic concept of reducing plant discharges.

(The procedure described in the

introduction, in which chlorination is to take place three times per week, occurs only
0
during those months when river water temperature exceeds 45 F.)
Under the planned program, reduced concentrations (Test No. 1) will be the
first variable to be changed.

At this time residual concentrations at the outlet of the

condenser will be reduced to one-half of the control of approximately 0. 5 ppm.
A frequency reduction program, utilizing the concept described will be initiated
following completion of Test No. 1.
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4. 6

Corrosion Inhibitors

At present, potassium chromate is used in all closed cooling water systems of
Unit 2 and will be used in Unit 3. Con Edison has undertaken a program of determin
ing the effectiveness of a biodegradable corrosion inhibitor for use in these systems.
Evaluation of test coupons and inspections have indicated that no loss of heat transfer
or corrosion has taken place. We have subsequently performed a bioassay on this
material.

Pending approval for use of this material by the NYSDEC and USAEC, as

required, we plan to substitute this chemical for potassium chromate in the Turbine
Hall and instrument air closed cooling water systems of Units 2 and 3 thereby further
reducing chemical discharges.

We propose a discharge limit of 2. 5 ppm which is 1/3

of 1/10 LC 5 0 (48 hour bioassay on striped bass).
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5.0

RADIOACTIVE DISCHARGES

The operation of Indian Point Unit No. 2 will result in the production of radio
active fission products, almost all of which will remain within the fuel rod cladding.
Small amounts of these fission products will escape through the fuel cladding into the
primary coolant. Also, some radioactive materials will be produced due to the neu
tron activation of corrosion products in the primary coolant. Under normal operating
conditions, small amounts of these radioactive fission products and activated corro
sion products will be released to the environment from several paths throughout the
plant. All paths that may contain significant concentrations of radioactive material
are equipped with monitors and the ability to terminate the releases upon high activity
signal from the monitor. All releases will be in compliance with the plant's technical
specifications and the AEC regulations, as set forth in 10 CFR Part 20 and 10 CFR
Part 50.
Radioactivity Released in Liquid Effluents
During operation of Indian Point Unit No. 2, radioactive materials released to
the Hudson River in liquid effluents will include low concentrations of fission
products,
activated corrosion products and tritiated water.
Radioactivity in liquid effluents may be released from sources such as:
Chemical and Volume Control System, Liquid Waste Disposal System,
Steam Generator Blowdown System.
The liquid releases from all systems will be monitored.
Chemical Volume Control System
This system will collect and process deaerated liquids from reactor coolant
letdown and from equipment leaks. During normal operation the reacto 'rcoolant will
be let down continuously in order to maintain reactor coolant quality. Part of the
letdown stream, the shim bleed, will be sent to the boron recycle system. Batches
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will be processed by cation demineralization, filtration, gas stripping, and evapora
tion. The condensate from the evaporator will be processed through an anion de
mineralizer which will remove radioiodines and routed to one of three monitoring
tanks. After sampling and analysis, the water will be either recycled for additional
treatment, or returned to the primary coolant system for reuse in the reactor, or
released to the discharge canal.

The boron concentrate from the evaporator will

either be recycled to the reactor coolant system or pumped to the solid waste system
and packaged as solid waste.
Liquid Waste Disposal System
The radioactive liquid waste disposal system will process aerated wastes from
the equipment, floor, laboratory, and sampling drains along with demineralizer re
generant and decontamination solutions. These wastes will be collected in the waste
holdup tank and batch processed through a filter and an evaporator. The evaporator
condensate will be collected in one of two waste condensate tanks, monitored, sam
pled and analyzed. It can be recycled if required. After sampling and analysis, the
condensate will be continuously monitored and released to the discharge canal. If
the radioactivity exceeds a predetermined value, the discharge will be automatically
stopped by a valve on the discharge line and recycled through the waste disposal
system.
Steam Generator Blowdown System
The steam generator blowdown from Unit No. 2 can be directed to the blowdown
flash tank installed at Unit No. 2 or through the Secondary Boiler Blowdown Purifica
tion System at Unit No. 1. The steam generator blowdown system at Unit No. 2 is
expected to process only low-level radioactivity liquids. Effluents discharged from
this flash tank would enter the environment without treatment. A continuous gamma
monitor will measure the radioactivity of the blowdown stream that goes from the
steam generator to the blowdown flash tank. When the radioactivity in the secondary
coolant at Unit No. 2 exceeds a predetermined value the monitor will activate an
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alarm and automatically close isolation valves on the blowdown and sampling lines.
The Unit No. 2 blowdown stream will be routed to the Secondary Blowdown Purifica
tion System in Unit No. 1, where it will be treated by filtration and demineralization.

6. 0

CONC LUSIONS
The measures discussed herein indicate the complexity of environmental inter

actions at Indian Point and the nature and extent of Company efforts to minimize
biological damage in various ways prior to installation of any needed closed cyc le
cooling system. The potential plant biological impacts fall into the following
categories:
1.

Effects of thermal discharges on the ecosystem,

2.

Effects of chemical discharges (including chlorination) on aquatic life,

3.

Damage to organisms entrained in the service and condenser cooling
water systems,

4.

Damage to fish at the intake structure, and

5.

Effects of radioactive discharges on the ecosystem.

Measures to control the plant's effects on biota in all of these categories have
been included in the Technical Specification Requirements for Indian Point Units 1
and 2. An expansion of the operating modes the Company will carry out to comply
with the Technical Specification Requirements in order to minimize damage to Hudson
River biota are included herein.
The discharge canal gates will be operated so that a discharge velocity of 10 fps
at the vena contracta of the jets will be achieved.

When the combined power output of

Units 1 and 2 is less than or equal to 50% of maximum, this operating condition is
waived, but for in such cases the N.Y. State Thermal Criteria will govern.
All radioactive releases will be in compliance with the plant's technical specifi
cations and AEC regulations, as set forth in 10 CFR Part 20 and 10 CFR Part 50.
Plant equipment shall be used in conjunction with developed operating procedures to
maintain surveill ance of radioactive liquid effluents produced during normal reactor
operations and expected operational occurrences in an effort to maintain radioactive
releases to unrestricted areas as low as practicable.

Release of acids and bases will be neutralized by demineralizing units and then
further neutralized in batch fashion before being released to the discharge canal.

The

discharge solution will be essentially harmless to biota and, after dilution in 100, 000
gpmor more of circulating water, will be undetectable.
A program will be undertaken to determine the minimum chlorine that can be
discharged consistent with plant operations.

The program will take into account river

water temperature, river water chlorine demand, condition of equipment (condensers),
frequency of chlorination, duration of chlorination, hypochlorite feed rate and residence
time of chlorinated cooling water in canal.
Other chemical discharges will be kept within limits derived from toxicity experi
ments by dilution in the discharge canal.
To reduce thermal shock to fish, during a scheduled outage the company will limit
the decrease in plant delta T to 7 0 Fper hour until the plant reaches the 13 %power level.
At that point the plant will shut down in one final increment.
The five fixed screens will be kept as clean as possible to lessen impingement by
daily or if necessary, more frequent cleaning. Use of the air curtains will also reduce
the accumulation of debris on the screens.
The Company presently plans to operate Unit 2 with 6 circulating pumps at a
reduced flow rate of 84, 000 gpm/pump from October 1 to March 31 to reduce impinge
ment and entrainment.
As per agreement with the Department of Environmental Con servation, the air
curtains will be operated whenever the ambient water temperature is less than 400 F.
The air curtains will also be operated whenever it appears they will reduce fish
impingement.
In addition to these measures, studies are being or will be undertaken in the
followin g areas; (1) fish stocking

-

to determine the feasibility of stocking the Hudson

River with striped bass, (2) thermal surveys

-

to determine the extent of the plant's

thermal discharge plume to develop a strategy for maintenance of water quality and

provide data for comparison of the relationship between the thermal discharge to the
river and the thermal response of the river as predicted by mathematical and physical
models and (3) dissolved oxygen

-

to determine the effect of the plant on the D. 0.

concentration in the Hudson River.
The effort described herein does not include the major ecological study program
Con Edison is undertaking in the Hudson River to determine long-term plant impact.
That program will enable the Company and reviewing agencies to develop a long-term
mitigation plan for Indian Point by construction of a complete Cost/Benefit Analysis
from a definitive data base. The Cost/Benefit tool is the most appropriate method
for decision making in such circumstances where diverse benefits and impacts must
be quantified in similar terms to provide an understanding of the optimum course of
action.
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IMPINGEMENT AND ENTRAINMENT
2. 1

Fish Stocking

Con Edison proposes to mitigate losses of striped bass associated with the oper
ation of the Indian Point Station by stocking non-entrainable, artificially propagated
striped bass. The Company has under study the feasibility of extending to the Hudson
River striped bass the considerable successful experience in southeastern states with
stocking striped bass in reservoirs.
Con Edison's feasibility study is a three phase program which begain in May
1973 with the taking of eggs from 15 Hudson River striped bass for rearing in Okla
homa and Florida. Phase I of the study is to determine the feasibility of hatching and
rearing the number of striped bass needed to mitigate the various postulated losses at
Indian Point.

The number of hatchery fish needed (based on Con Edison's estimate of

plant impacts) will depend on the change in annual productivity of striped bass in the
Hudson with and without the plant, which may or may not be affected by the size and
survival rate of the fish killed by the plant and the size and survival rate of the fish
stocked compared to the size and survival of naturally produced fish.
Phase I will also attempt to perfect techniques for the culturing of Hudson River
Striped bass.
Phase II of the study is to determine the survival of hatchery fish and their
contribution to the Hudson River population.
Phase III will investigate alternate production locations and designs.
The hatching experience at Indian Point in the first year of experimentation
ranged from 0.6 to 96.3 percent, with an average of 36.7%.

In subsequent years,

based on 1973 experience and the experience at Monks Corner hatchery, the average
is expected to be substantially higher.
Two techniques for rearing striped bass to fingerling size (3 to 6 inches) are
being tested.

The techniques are referred to as extensive and intensive.
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extensive method, the young fish are stocked in earthen ponds where they feed on nat
ural foods or a combination of natural and prepared food. This has been the traditional
method used for many years in the rearing of most hatchery reared fish and is widely
used for striped bass rearing in the south and western United States. Survival from
pond stocking to pond harvest of greater than 50% has been realized in these ponds.
In Con Edison's experiment in Oklahoma in the Summer of 1973, a survival rate of
9.5% from stocking to harvest was achieved. This too can be expected to be improved.
In order to eliminate some of the disadvantages of extensive culture, and to
further improve production rates, an intensive culture technique is being investigated.
In this method the young fish are maintained at high concentrations in large circular
fish tanks and fed entirely on prepared food. The 1973 test by Con Edison indicates
that this technique needs further development, principally because of the carnivorous
nature of striped bass.
Forty thousand 3 to 5 inch fingerling striped bass thus hatched and reared were
tagged and transported from the rearing areas .with less than 1%loss and stocked in
the Hudson River in October. As of December 1, 1973, 35 of these stocked bass have
been recovered from widely dispersed locations in the rie. In all cases their
receovery was associated with the recovery of wild fish indicating that the stocked
fish have joined their wild brothers.

While the survival rate is thought to be high,
sufficient statistics comparing survival rates of wild and stocked fish are not expected
to be available for a year after the initial stocking.

This hatching, rearing and stock

ing will continue for at least another year to establish its feasibility as a long term
mitigating measure.
The study is being conducted under the scientific guidance of a special board of
hatchery and rearing consultants:
Mr. James Barkaloo

U.S. Dept. of Interior

Mr. Jack Bayless

South Carolina Wildlife Resources
Department

Dr. Harold Chadwick

California Fish and Game
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Mr. Jack Harper

Oklahoma Dept. of Wildlife
Conservation

Mr. Robert Pond

Stripers Unlimited, Mass.

Dr. Wayne Shell

Auburn University, Alabama

Dr. Robert Stevens

Marine Protein Inc., Florida

Dr. William Youngs

Cornell University, New York

It is clear already that artificial hatching, rearing and stocking can at least
ensure against irreversible losses induced by the plants prior. to the operation of
cooling towers and offers a high probability as a long term mitigating measure.
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Tomcod, a bottom oriented fish, may be adversely influenced by the reduced
flow operational mode. Tomcod spawn during the winter, and their larvae can be
expected to experience higher percentage mortalities, if entrained.

New York Uni

versity laboratory studies indicate however that larvae over 44 hours old can tolerate
a temperature increase of 26 F for thirty minutes. Consequently temperature -induced
mortality will be restricted to a relatively short time period in the development of
tomcod larvae.

The operation of the deicing loop at Indian Point will result in addi

tional temperature increase and residence time of the cooling water, and these
increases will exceed the tolerance limits of the tomcod larvae.

For this reason

operation of the deicing loops will be utilized only when necessary to permit plant
operation due to icing condition in the river. With the air curtain available the fre
quency of use of the deicing loops is expected to be very low. Sampling in the dis
charge canal at Indian Point has resulted in the recovery of tomcod larvae.. It is
believed though that an insignificant impact on tomcod eggs and larvae will occur due
to entrainment.
The bulk of fish eggs and larvae entrained at Indian Point are present from late
May through August. Striped bass eggs and larvae peak in early June.

New York

University studies have shown that an increase in the plant delta T when the ambient
river temperature reaches 65 0 F(about June 15) at reduced flow conditions and at full
load would reduce the number of organisms entrained but would at the same time pro
duce unacceptable temperature conditions for many of the species present. However,
the reduced flow operational mode as a means of reducing impingement mortality is
not necessary, since this time period has in the past been characterized by r elatively
low impingement in contrast to winter months. On the basis of studies to date of
entrainment mortalities of striped bass, damage to these organisms is minimized by
limiting the AT across the condensors to 15 0

.

If however later studies confirm

the AEC staff assumption that 100% of the entrained organisms are killed at full flow,
the reduced flow mode will be extended from March 31 to about June 15 to reduce the
numbers of entrained organisms. After June 15, or when the ambient river temper
ature reaches 65 0whichever is sooner, the full flow mode will be instituted to maintain
2-10

minimum discharge temperatures and to preclude significant deratings of the
plant.
An additional consideration relative to the reduced flow operational mode in
the winter is the potential for cold shock to fish during an unscheduled plant shutdown.
A rapid temperature drop of 25 0F would most likely be .lethal to those fish which might
be present in the discharge canal and possibly to some residing in the close-in region
of influence of the thermal plume in the river. The potential for cold shock mortality
is very remote however, due to the operation of three units, and the designed 10 fps
discharge velocity of the heated water into the river. The potential for all three units
to go down simultaneously is remote and the potential for fish to enter the discharge
canal is also low. Due to the discharge velocity and the dispersion of the plume in
the river it is doubtful that fish would remain in a region of the plume which would
have a delta T, the elimination of which would cause significant mortalities.

There

fore the potential for cold shock is slight.
Con Edison believes that reducing the plant flow during periods of high impinge
ment rates results in a significant reduction in fish impingement and that this mode of
operation does not appreciably increase the plant impact on other portions of the
ecosystem.

The current procedure of using reduced flow from October 1 to March 31
includes the periods of highest fish impingement and generally reduced abundances
of entrainable forms. Because the impingement rate is relatively low during the
spring and summer and because of renewed biological activity in the spring and the
presence of temperature sensitive entrainable forms in late spring and summer, it
appears advisable to limit the use of reduced flow to the present October through
March schedule.

The period of reduced flow could be extended through April if the
impingement rate increased in April,
Reductions in plant mortality can also be achieved by reducing the number of
circulating pumps operated. The minimum number of pumps that can support plant
operations in the winter without derating is five, but the reliability of the plant is
adversely affected at less than six pump operation. In the summer time significant
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reductions in plant capacity are associated with the operation of less than 6
pumps.
During the winter when entrainment is not a problem it is preferable to operate
the plant at a reduced flow at ebach main pump because no plant derating is involved
and plant reliability is maintained (See Table 2-3).

During the summer a reduction

in the number of pumps operating is not a feasible method of protecting entrained
organisms because of increases in delta T concurrent with reduced flow.
Pending completion of the ecological study Con Edison presently plans to oper
ate Unit 2 normally with 6 circulating pumps at a reduced flow rate of 84, 000 gpm/
pump from October 1 to March 310 During winter periods when this operating mode
produces impingement rates above technical specification limits, the number of
operating pumps will be reduced but not below three which is the minimum number
necessary to support plant operations.
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Table 2-3.
No. Pump Operated
at 60%

I.P. 2 Derating (Basis = 906 MWe) River Temp 400F
Deicing Flow
gpm

Ambient Water
Withdrawn, gpm

AT

Turbine
Derating, MWe

3

0

252,000

3

84,000

168,000

4

0

336,000

37.0

40

4

84,000

252,000

37.4

65

4

168,000

168,000

37.7

75

50.2

85
Turbine Back
pressure higher
than 5" Hg

5

0

420,000

30.1

No Derating

5

84,000

336,000

29.8

15

5

168,000

252,000

30.2

50

6

0

504,000

25.2

No Derating

6

84,000

420,000

30.1

No Derating

6

168,000

336,000

37.2

No Derating

Circulating Pump Motor Rating 900 hp
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