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1. 0 INTRODUCTION

This supplemental Environmental Report has been prepared in connection with the 

proceeding before the United States Atomic Energy Commission (AEC) in which Consolidated 

Edison Company of New York, Inc. (Con Edison) has obtained a construction permit and is 

seeking an operating license for its 873 MW(e) nuclear generating plant, Indian Point Unit 

No. 2. This report supplements an earlier environmental report on the same facility dated 

August 6, 1970. This supplemental report is self-contained and includes information on all 

topics covered in the prior report even where there have been no changes. In compiling and 

organizing the information contained in this supplemental report, Con Edison has followed 

the "Draft Guide to the Preparation of Environmental Reports for Nuclear Power Plants" 

dated February, 1971. This is the second of three nuclear power generating plants to be 

built on the Indian Point site. On Dec. 6, *1965 Con Edison filed its application for licenses 

for Unit No. 2 with the AEC. On October 14, 1966 the AEC, after a public hearing and after 

favorable recommendations from the Atomic Safety and Licensing Board as well as the 

Advisory Committee on Reactor Safeguards issued Construction Permit CPPR-21 for this 

facility. The present schedule anticipates that the unit will be ready for commercial opera

tion by late 1971 or early 1972.  

There are several threshold considerations which should be kept in mind in order to 

properly perform cost-benefit balancing and weigh the need for power with the environmental 

impact of the facility. The site in question was devoted to nuclear power generation as early 

as 1956, when the construction permit for Indian Point Unit No. 1 was issued by the AEC.  

Any evaluation of the environmental impact of Indian Point Unit No. 2 must therefore con

sider that this unit is located at a site which already contained one other such unit when its 

construction commenced. In 1969, when the National Environmental Policy Act (NEPA) was 

enacted, the Indian Point site contained one nuclear unit in commercial operation (Unit No. 1) 

and two units in the process of construction (Units No. 2 and 3). The total investment in the 

Indian Point site as of August 31, 1971 was approximately $400, 000, 000, and the investment 

in Unit No. 2 alone as of that date amounted to approximately $139,000,000. Therefore, in 

a very real sense, there is and has been a substantial and irretrievable commitment of eco

nomic resources to the site and to Unit No. 2.
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It should also be noted that construction of Unit No. 2 is virtually complete as of the 

date of this supplemental Environental Report. This fact necessarily narrows the scope 

of the environmental factors and alternatives which can be considered at this time.  

Despite the degree to which development of the Indian Point site, and the construction 

of Unit No. 2, had progressed before NEPA became effective, Con Edison feels that its 

environmental efforts with respect to Indian Point have been consis tent with the objectives 

of NEPA and will result, as this report will demonstrate, in keeping any adverse environ

mental impact to a minimum.  

Moreover, at what is now the pre-operational stage for Unit No. 2, investigations 

and studies undertaken at the site have produced a broad.,spectrum of baseline data with 

respect to the important environmental aspects of the site and its environs. The develop

ment of this information in sufficient quantity to serve as a foundation for meaningful evalu

ation of the impact of a nuclear generating unit on a. complex, interacting ecological system 

is a painstaking, lengthy and expensive process. For example, one facet of this effort has 

been underway since 1958, when the New York University Medical Center commenced its 

survey of the ecology of the Hudson River under the aegis of the United States Public Health 

Service and the New York State Department of Health. NYU's investigations have been 

continued under contract with Con Edison both as to radiological and other environmental 

matters. The results of these surveys, and of others, are reported on at length in the 

body of this report.  

Indian Point Unit No. 2 affects its environment in several ways. Its physical presence, 

alongside Unit No. 1, is perhaps the most obvious. An additional facet of land use at Indian.  

Point is the development of the site for public and recreational purposes. There will also 

be various emissions from the facility to the surrounding environs. Low level radioactivity 

will be released to the air and to the Hudson River during operation of the plant, as will 

minimal amounts of chemicals used for cleaning and water purification purposes. A sub

stantial volume of cooling water will be drawn from and returned to the Hudson. As this 

report will demonstrate, releases of heat, chemicals and radioactivity will at no time ex

ceed regulatory limits, and in the case of chemicals and radioactivity those releases will 

be far below allowable levels.
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Throughout this report, as in this introductory section, reference will be made to 

Unit No. 1 where appropriate for the purpose of completeness.
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I. TRANSPORTATION

a. Transportation of New Fuel 

Shipments of new fuel from the fabrication plant to the reactor will most likely be 

made by truck. In the early years of the plant, new fuel will be supplied by Westinghouse, 

whose shipments will originate from either Cheswick, Pennsylvania or Columbia, South 

Carolina. The distance from the Cheswick plant to the reactor site is about 450 miles, while 

the distance from the Columbia plant to the reactor site is about 800 miles. A shipment of 

new fuel will be made by trailer-truck, with each truck carrying up to seven new fuel con

tainers. These containers carry a maximum of two fuel assemblies each. Thus, the maxi

mum number of new fuel assemblies which can be transported per shipment is fourteen. On 

the average, future fuel cycles will require about sixty-four new fuel assemblies at approxi

mately one-year intervals. This number of assemblies will require from four to six new 

fuel shipments per year.  

The fuel fabricator will be responsible for securing the necessary licenses for the 

new fuel shipping containers, which shall meet all present and future package standards for 

the transport of radioactive material, as stated in the Atomic Energy Commission (AEC) 

Regulations, Part 71 (10CFR71), Subpart C and the Department of Transportation (DOT) 

Regulations, Part 173 (49CFR173), Subpart G. These standards shall be maintained under 

the normal conditions of transport, Appendix A of 10CFR71 and Section 173.398 (b) of 

49CFR173, and the hypothetical accident conditions, Appendix B of 10CFR71 and Section 

173.398(c) of 49CFR173. Nuclear material contained in the fuel assemblies is in the form 

of pellets. Because the fuel has not been irradiated, it does not contain radioactive fission 

products. Moreover, new fuel requires no coolant during shipment. Compliance to the 

above conditions of transport precludes the release of radioactive fuel material from the 

container and insures that the container contents will remain subcritical. For the normal 

conditions of transport, the container is designed so that the dose rate on its surface shall 

not be more than 200 millirem/hr, and the dose rate 6 feet from the external surface of the 

vehicle shall not be more than 10 millirem/hr. In addition, during the hypothetical accident 

conditions, the container is designed so that any reduction of shielding would not be sufficient 

to increase the external radiation dose to more than 1000 millirem/hr at 3 feet from the 

external surface of the container. Therefore, under the normal conditions of transport

S2-1
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and the hypothetical accident conditions, shipments of new fuel will result in adherence to the 

AEC and DOT package standards for the transport of radioactive materials.  

The test conditions, which must be met, will assure the integrity of the container if 

sub jected to a typical highway accident, such as collision with another truck, automobile, or 

stationary object.  

b. Transportation of Spent Fuel 

During the early years of the plant, shipments of spent fuel will probably be per

formed by a combination of truck and rail. In accordance with a contract executed on Sep

tember 14, 1971, the shipments will be made to the General Electric Company's Midwest 

Fuel Recovery Plant (MFRP) at Morris, minois. Transportation of the spent fuel shipping 

cask by trailer-truck will probably be less than 1.5 miles from the site boundary to a rail 

siding, and shipped from there by rail. Distance from the rail siding to the MFRP is about 

1, 000 miles. The cask will have the capacity to accommodate a maximum of seven spent 

fuel assemblies. On the average, future fuel cycles will require the shipment from plant of 

about sixty-four assemblies at approximately one-year intervals. This number of assem

blies will require about ten spent fuel shipments per year. In future years, it is Possible 

that spent fuel shipments will be made entirely by trailer-truck. Should such a mode of 

transportation be used, the capacity of the cask would be at most three assemblies. If this 

were the case, approximately twenty-two spent fuel shipments would be required annually.  

The spent fuel shipper will be responsible for securing the necessary licenses for 

the spent fuel shipping cask, which shall meet all present and future package standards for 

the transport of radioactive material, as stated in the Atomic Energy Commission (AEC) 

Regulations, Part 71 (100FR7l), Subpart C and the Department of Transportation (DOT) 

Regulations, Part 173 (49CFR173), Subpart G. These standards shall be maintained under 

the normal conditions of transport, Appendix A of 10CFR71 and Section 173.398(b) of 

49CFR173, and the hypothetical accident conditions, Appendix B of 10CFR71 and Section 

173.398(c) of 49CFR173.  

Because the fuel material in the spent fuel assemblies has been irradiated, it contains 

radioactive fission products. In addition, spent fuel requires the use of a liquid primary
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coolant, which typically has been water. Compliance with the normal conditions of transport 
will insure that the cask contents remain subcritical with no release of radioactive material 

and no loss of coolant from the cask. For the norm al conditions of transport, the cask is 
designed so that the dose rate on its surface shall not be more than 200 millirem/hr, and the 
dose rate 6 feet from the external surface of the vehicle shall not be more than 10 millirem/ 
hr. Therefore, shipment of spent fuel under the normal conditions of transport will result 
in adherence to the AEC and DOT package standards for the transport of radioactive material.  

The cask will be designed and constructed to meet the regulations' hypothetical acci
dent conditions applied sequentially, in the following order: 

1. Free Drop - A free drop through a distance of 30 feet onto a flat essentially un

yielding horizontal surface, striking the surface in a position for which maximum 

damage is expected.  

2. Puncture - A free drop through a distance of 40 inches striking, in a position for 

which maximum damage is expected, the top end of a vertical cylindrical mild 

steel bar mounted on an essentially unyielding horizontal surface. The bar shall 

be six inches in diameter, with the top horizontal and its edge rounded to a 

radius of not more than one-quarter inch, and of such length as to cause maxi
mum damage to the package, but not less than eight inches long. The long axis 

of the bar shall be perpendicular to the unyielding horizontal surface.  

3. Thermal_- Exposure to a thermal test in which the heat input to the package is 
not less than that which would result from exposure of the whole package to a 

thermal radiation environment of 1, 475 0 F for 30 minutes with an emnissivity 

coefficient of 0. 9, assuming the surfaces of the package have an absorption 

coefficient of 0. 8. The package shall not be cooled artificially until 3 hours 
after the test period unless it can be shown that the temperature on the inside 

of the package has begun to fall in less than 3 hours.  

4. Water Immersion (fissile material packages onl) - Immersion in water to the 
extent that all portions of the package to be tested are under at least three feet 

of water for a period of not less than eight hours.
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The cask is so designed that under the hypothetical accident conditions the cask con

tents remain subcritical with no release of radioactive fuel material. For the hypothetical 

accident conditions, the cask is designed so that reduction of shielding would not be sufficient 

to increase the external radiation dose to more than 1000 millirems/hr at 3 feet from the 

external surface of the cask. Therefore, a shipment of spent fuel subjected to the hypotheti

cal accident conditions will result in adherence to the AEC and DOT package standards for 

the transport of radioactive material.  

The hypothetical accident conditions, which must be met, will assure the integrity 

of the cask if subjected to a typical highway accident, such as collision with another truck, 

automobile, or stationary object.  

c. Transportation of Radwaste to Burial Grounds 

Throughout the lifetime of the plant, solid radioactive waste, in the form of spent 

resins and waste evaporator bottoms, will be packaged and stored in a shielded drumming 

station storage area until shipment off-site for disposal at a burial ground. The waste 

matter is solidified in a mixture of vermiculite and cement in AEC and DOT approved 

(49CFR173) steel drums (DOT 17H). After a sufficient number of filled drums have accumu

lated, they will be shipped by truck to a burial site. It is estimated that 90 to 150 drums of 

solid waste will be shipped each year in five to ten shipments.  

Before shipment, a health physics technician will field check the drums to be sure 

that all radiation levels are below the limits set by the Department of Transportation in 

10CFR173.393. The dose rate three feet from each drum must be less than 1000 mrem/hr.  

The maximum concentration of radioactive waste in a drum has been calculated to yield less 

than 600 mrem/hr three feet from the drum. Readings are also taken outside the truck to 

insure that, on the surface of the truck, the dose rate is nowhere greater than 200 mrem/hr 

and, six feet from the surface of the truck, the dose rate is less than 10 mrem/hr. A wipe 

test is also made of each drum to be sure that there is no removable surface contamination.  

No drum showing any contamination above background levels is allowed on the truck.  

These safety precautions, before transport of the radioactive waste, ensure that there will 

be no adverse environmental effects to the public caused by the transportation of the drums 

from the plant site to a burial site (presently Morehead, Kentucky).  
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The trucks travel the largest highways available, particularly the interstate highways, 
in order to reduce the probability of an accident.  

The drums in use have all been designed and constructed in accordance with 
49CFR173. 398 so that if they were subjected to several environmental conditions such as 
prolonged water sprays, free drops, missile impacts and severe compression, they would 

release no radioactive material and their effectiveness would not be substantially reduced 
nor would conditions be generated to make such a reduction in effectiveness more likely.  

The environmental conditions, under which the drums are designed, would not be ex
ceeded in their transport from Indian Point, New York to the burial site. The test conditions 

which must be met would insure the integrity of the drums if subjected to a typical highway 

accident such as collision with another truck, automobile or stationary object.
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I. TRANSM'~ISSION LINES 1/

The new tranismission structures required to carry the additional load from Indian 

Point Unit No. 2 consists of a truss framed into the Turbo-Generator Building and three tubu

lar steel line structures located on the site and two tubular steel terminal structures at the 

Buchanan Substation. The structures are designed to carry the Indian Point Unit No. 2 out

put at 345 KV operation and the light and power facilities at 138 KV from Indian Point Unit 

No. 2 to Con Edison electrical system at the Buchanan Substation 2100 feet away.  

The tapered tubular steel structures with upswept cross-arms, as illustrated in Fig

ure 2. 1- 6 of the Supplement of September 9, 197 1, have been utilized for this connection in 

order to maintain aesthetic acceptance and environmental compatibility. The structures 

provide the minimum effect on the landscape, do not interfere with the operation at the plant, 

or public land use, cross only one public road, as illustrated in Figure 2.1-5 of said Supple

ment, and were installed under controlled clearing and construction procedures. The Village 

of Buchanan has given its approval of the alignment, structure type, and design and installa

tion procedures.  

Also, two additional lines were strung from the Buchanan Substation to the Millwood 

Substation, a distance of approximately 9-1/2 miles, and two new terminal positions were 

made at the Millwood Substation. These lines were placed on existing structures on existing 

rights-of-way so that additional changes necessitated by Indian Point Unit No. 2 did not have 

a significant adverse impact on the environment. A schematic of the lines from Indian Point 

Unit No. 2 to Buchanan to Millwood is found in Figure 2.1-7 of the Supplement.  

Approval for the additions to the existing lines and structures was obtained from the 

Town of New Castle.  

No additional rights-of-way and, other than the five towers described herein, no ad

ditional towers were required for transmission of the output from Indian Point Unit No. 2.  

All work related to transmission described in this section has been completed.
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MI. ACCIDENTS
10/7 1

This section considers the environmental risks due to the postulated classes of acci
dents designated in the AEC's "Scope of Applicants' Environmental Reports" dated September 
19 1971, as requiring discussion.  

The design of various systems incorporated in the plant to mitigate the consequences 
of postulated accidents is based upon extremely conservative assumptions concerning sys
tem performance. However, in order to provide a realistic assessment of the environmental 
risk associated with these accidents, the evaluations in the following paragraphs are in ac
cordance with AEC guidelines based on realistic values of expected performance based on 
operating experience with similar systems or experiments.
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CLASS 2 - Miscellaneous Small Leaks Outside Containment 

Small valve and/or pipe leaks in the Chemical and Volume Control System may occur 

during the lifetime of the plant. The largest releases of this type would result from a leak 

of a pipe connected to the Volume Control Tank. Quality control of the material and the in

stallation of the Chemical and Volume Control valves and pipings which are designated for 

radioactive service, is provided in order to essentially eliminate leakage to the atmosphere.  

The components designated for radioactive service are provided with welded connections to 

prevent leakage to the atmosphere. However, flanged connections are provided in each 

charging pump suction and discharge, on each boric acid pump suction and discharge, on the 

relief valve inlet and outlet, on three-way valves and on the flow meters to permit removal 

for maintenance.  

The positive displacement charging pumps stuffing boxes are provided with leakoffs to 

collect reactor coolant before it can leak to the atmosphere. All valves which are larger 

than 2 inches and which are designated for radioactive service at an operating fluid tempera

ture above 212 0 F are provided with a stuffing box and lantern leakoff connections. Leakage 

to the atmosphere is essentially zero for these valves. All control valves are either pro

vided with stuffing box and leakoff connections or are totally enclosed. Leakage to the atmos

phere is essentially zero for these valves.  

Diaphragm valves are provided where the operating pressure and the operating tem

perature permit the use of these valves. Leakage to the atmosphere is essentially zero for 

these valves.  

Should such a leak occur, actuation of a check valve or a remotely operated isolation 

valve would limit the release to much less than, but certainly no more than, the entire con

tents of the tank. Continuous monitoring of the exhaust from the ]Primary Auxiliary Building 

will alert the operator to the existence of a leak and he will then take appropriate action to 

isolate and stop the leak.  

With the reactor operating under the realistic conditions where 0. 1% of the fuel con

tains clad defects, and the conservative assumption that the entire contents of the volume 

control tank were released, the inhalation dose to the thyroid from the radioactive iodines
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has been calculated to be 0.01 mrem and the whole body dose (computed by the infinite 

cloud method) from released noble gases was calculated to be 0.7 mrem. These are the 

calculated doses at the site boundary under average meteorological conditions. The environ

mental consequences of this event are calculated to be a total dose of 0.9 man-rems.  

Equilibrium activities of the iodines in the primary reactor coolant were assumed in 

the calculation of the inhalation (or thyroid) dose. These are, for the isotopes 1-131 through 

1-135, 0.175, 0.06, 0.136, 0.0356 and 0. 136 microcuries per cubic centimeter, respectively.  

In the calculation of the whole body dose, the release is assumed to be all the contained noble 

gases plus the small amount contained in the flow from the demineralizers which would con

tinue for up to five minutes before isolation would occur. This released activity would be 

1500 curies equivalent Xe-133.  

In view of the design and operating precautions described above, the probability of 

occurrence of this event is low and the environmental consequence is negligible.
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CLASS 3: Radwaste System Failures 

There are three types of possible failures of radwaste system, which would lead to 

release of radioactivity.  

1. Operating errors 

2. Leakage 

3. Rupture of a tank 

Rupture of a gas decay tank is considered under Class 8.  

Operating errors might result in inadvertent release of the contents of a liquid or 
gaseous waste tank. However, the pipes from these tanks are equipped with radiation moni

tors which automatically close the appropriate valve to stop the release. Therefore, this event 

is considered to be Class 1.  

For the above reasons, only leakage is considered here. All liquid waste components 

are located within buildings whose floors are drained to collection tanks. Thus, leakage of 
liquid waste from these components results in no release of radioactivity to the environment.  

Over the lifetime of the plant, a small leak, releasing a few curies of fission gas, 
such as one due to a valve fault in a waste gas holdup tank, may occur. It would be unlikely, 
however, for several reasons. All the valves in the system are packless or bellow-sealed,, 
thus assuring essentially zero leakage when properly maintained. In addition, since the re

lief valve on each tank is set for 40 psi higher than system operating pressure, the spring is 
holding the valve down tight and so there will be no leakage. Also, there is all welded con

struction except at a very few points for maintenance purposes, where flanges and gaskets 

are used in accordance with ASME codes for nuclear piping.  

Indian Point Unit No. 2 can contain no more than 15, 000 curies of equivalent Xe- 133 

in any gas tank. Such high activity in any tank at any time and the leakage of more than a 
small fraction of those gases that are in the tank would never be expected. The effects of a.  

leak would be terminated swiftly since the operator will transfer the contents of the leaking 

tank to another intact tank. Continuous monitoring of the exhaust from the Primary Building 
will alert the operator to the existence of the leak. Considering the occurrence of a leak in a
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waste gas holdup tank releasing as much as ten percent of the maximum fission gases in the 

tank, it has been found that the inhalation dose from any iodines would be unmeasurably small 

and the whole body dose would be 0.8 mrem to a person on the site boundary. Such a dose 

would be received under average measured meteorological conditions. The environmental 

consequences of this type of event are calculated to be a total dose of 1.2 man-rem.  

The probability of occurrence of this event is low, and its environmental consequence 

is negligible.
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CLASS 4: Events That Release Radioactivity Into the Primary System 

Certain small defects in fuel cladding are expected to occur throughout the normal 

operating lifetime of the plant. The system is designed to be able to operate with 1% fuel de

fects even though much less than this (about 0. 1%) is anticipated from knowledge of past 

experience.  

There is no environmental effect on the public resulting from an event like this 

alone.
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CLASS 5: Events That Release Radioactivity Into the Secondary System 

If a Class 4 event occurred concurrent with a steam generator tube leak, such an inci

dent would cause primary coolant activity to enter the secondary system. Were a steam gen

erator tube to leak at a rate based on past experience of 20 gallons per day, for thirty days, 
an inhalation dose to the thyroid of . 013 mrem and the whole body dose of .03 nirem could be 

expected at the site boundary under average measured meteorological conditions with 0. 1% 

fuel defects in the core.  

The environmental effect of this combination of events is calculated to be 0.01 man

rem.  

While this event may occur, the environmental consequence of occurrence is 

negligible.
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CLASS 6: Refueling Accident Inside Containment 

From past experience with operating plants, where fuel assemblies have been inad
vertently mishandled, it has been found that a fuel-handling accident has not resulted in a new 
or spent fuel rod sustaining clad damage. No damage would be expected in any fuel rods 
from any accident other than if the fuel assembly were to strike a sharp object. Breaching 

of the cladding, however, would still not be expected in this case.  

Rupture of one complete outer row of fuel elements in an assembly is assumed as a 
conservative limit for evaluating the environmental consequences of a fuel-handling incident.  

The whole body dose and the inhalation dose to the thyroid have been calculated to be 
much less than 0. 01 mrem at the site boundary. A decontamination factor (DF) of 1200 for 
the iodines was assumed to account for the effect of the water above the fuel. The Technical 
Specifications of Indian Point Unit No. 2 require that spent fuel not be handled for at least 90 
hours after shutdown. The containment charcoal filter system as well as the 0.1%o per day 
leak rate were considered in the calculations. While this event may occur, its environmen

tal consequence is negligible.
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CLASS 7: Accidents to Spent Fuel Outside Containment 

An accident of this type is similar to the Class 6 accident. Clad damage resulting 

from a fuel-handling accident is not expected to occur. Doses which would be received were 

such damage to occur, however, have been calculated. One complete row of rods (15) are 

assumed damaged after the assembly has been dropped against a sharp object. Based on 

tests, the decontamination factor for the spent fuel pool is expected to be 1200 and an addi

tional factor of 100 has been incorporated to account for the charcoal filters in the fuel

handling building's ventilation system.  

An inhalation dose to the thyroid of 0. 03 mrem and a whole body dose of 0. 6 mrem 

have been calculated for a point on the site boundary under average measured meteorological 

conditions.  

The probability of occurrence of this event is low, and its environmental -consequences 

(0. 65 man-rem) are negligible.  

Were a fuel assembly in the process of being shipped to or from the site involved in 

an accident on-site, there would be no environmental consequences to the public. The ship

ping containers are tested to AEC and DOT regulations to withstand an accident, or conse

quences thereof, that may occur on-site.
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CLASS 8: Accident Initiation Events Considered in Design Basis Evaluation in the SAR 

An accident considered part of the design basis of a PWR has never occurred. Be

cause of the design conservatism and care taken during fabrication and installation of the 

Reactor Coolant System, a break of the system integrity of any size is considered highly un

likely. For break diameters up to four inches, fuel clad damage is not expected and hence, 
activity release to the containment would be limited to that contained in the coolant, that is, 
the corrosion product activity and fission product activity diffused to the coolant through 

assumed fuel defects. For larger break sizes up to and including the hypothetical double

ended rupture of a coolant loop, clad rupture could occur and a portion of the activity con

tained in the fuel pellet-clad gap would be available for leakage.  

The most severe design basis accident is the loss-of-coolant accident (LOCA). The safety 

inherent in design has made the probability of this occurrence very low and other safeguards 

have greatly mitigated the consequences even if it should occur.  

Several plant design features that would reduce the loss-of-coolant accident to a 

highly unlikely event are: 

1. The reactor coolant system and the primary loop piping systems are designed 

to withstand an unexpected event such as an earthquake with a 0. 1 g horizontal 

force and to assure capability for shutdown and maintenance of the nuclear sys

tem in a safe condition.  

2. Credible transients which could cause pressure surges have been designed for 

by reactor protection systems causing reactor trip and by incorporation of 

relief and safety valves in the pressurizer.  

3. Since analytical and experimental data indicate that piping will exhibit detectable 

leaks before rupture, the plant incorporates redundant means for positive de

tection of leakage from the reactor coolant system.  

4. Construction materials are selected for the expected environment and service 

conditions in accordance with appropriate code requirements. Ductile piping 

material is used. Operational limits on allowable pressure-temperature
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conditions are established in the Technical Specifications to assure the reactor 

vessel is not subjected to potential brittle failure conditions.  

5. Non-destrictive testing is applied over all of the primary system base metals and 

welds to assure installation of acceptable components.  

6. Stress and fatigue analyses are made in conformance with Nuclear Piping code 

requirements.  

7. A comprehensive in-service inspection program is used.  

8. The Emergency Gore Cooling System (EGGS) limits the release of fission 

products from the core to the containment.  

9. The containment structure allows essentially zero leakage of the release of 

fission products to the environment at maximum internal design pressure.  

10. Internal containment pressure is reduced and limited by fan cooler systems, 

spray systems and core decay heat removal systems.  

11. Gontainment isolation is assured by double isolation valves in series in piping 

penetrating the containment.  

12. Fission product source strengths are reduced inside containment by the spray 

systems and the recirculating fan-filter systems.  

13. Sensitive indication of the reactor coolant system leakage inside containment is 

made by the measurement in the variations of particulate activity, gaseous ac

tivity and specific humidity in the containment atmosphere.  

The reactor containmenit serves as an activity leakage limiting boundary. The con

tainment is steel lined and designed to withstand internal pressure in excess of that resulting 

from the design basis loss-of-coolant accident. All weld seams and penetrations are de

signed with a double barrier to inhibit leakage. In addition, the weld channel and penetration 

pressurization system supplies a pressurized nitrogen seal, at a pressure above the con

tainment design pressure, between the double barriers so that if leakage occurred it would 

be into the containment. The Gontainment Isolation System provides a minimum of two

S2- 17



10/71

barriers in piping penetrating the containment. The Isolation Valve Seal Water System pro

vides a water seal at a pressure above containment design in the piping lines that could be 

a source of leakage. The containment is designed to leak at a rate of less than 0. 1 percent 

per day at design pressure without including the benefit of either the Isolation Valve Seal 

Water System or the Penetration Pressurization System. The weld seams and penetrations 

are pressurized continuously during reactor operation causing zero outleakage through these 

paths. The Isolation Valve Seal Water System is actuated on the containment isolation signal 

and prevents leakage through the pipelines which could be a leak source. This system would 

be actuated within one midnute to terminate containment leakage.  

The spray removal coefficient for inorganic iodine is 64 hr for both spray pumps 
operating. The removal capability of the charcoal filter fan units is evaluated based on the 

2. 6 x 10 6ft 3containment free volume, a recirculation rate of 65, 000 CFM per unit, and 
efficiencies of 99% and 90% for the inorganic and organic iodine forms, respectiv ely.  

The inhalation dose to the thyroid from the radioactive iodines released in the gap and 

expelled to the atmosphere during the one minute period has been calculated to be 20 mirem 

at the site boundary. The whole body dose from the similarly released noble gases is 0. 04 

mrem at the same point on the site boundary. These doses have been calculated considering 

average meteorological conditions. The environmental oonsequences of this postulated 

accident have been calculated to be less than 0. 01 man-rem.  

Another conceivable accident is the rupture of a waste gas decay tank. Such a rup

ture is unlikely due to the overdesign of the gas decay tank. The maximum operating pres

sure in the tanks and the piping leading to them is 110 psig while the design pressure is 150 

psig. The maximum. operating temperature is 1300F, while the design temperature is 150 0 F.  

The tanks are designed according to ASME Section 3, Class C. The contents of any gas tank 

are less than 15, 000 Curies of equivalent Xe- 133. If, under the same meteorological condi

tions considered above, all the noble gases contained in a waste gas decay tank were released, 

a whole body dose of 7 mrem could be received by a person on the site boundary. This, 

again, would be a small environmental impact yielding 48 man-rem to the public.
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Another postulated accident is a rod ejection accident. The potential for this acci

dent is minimal since: 

1. Each control rod drive mechanism housing is completely assembled and shop 

tested at higher than operating pressures.  

2. The mechanism housings are field hydrotested to higher than operating pressures 

during installation.  

3. Stress. levels for the mechanism are not affected by anticipated system transients 

at power, or by the thermal movement of the coolant loops.  

4. The latch mechanism housing and rod travel housing are each a single length of 

forged type 304 stainless steel, a material which exhibits excellent notch tough

ness at all temperatures that will be experienced.  

5. Periodic reinspections of the housings are made during the plant lifetime.  

Various safety features would mitigate the environmental impact of this rod ejection 

accident were it to occur. The control rod housings are designed such that failure of one 

would not affect adjacent housings. The other control rods would be tripped and additional 

boron added to the core to maintain a shutdown condition. The Emergency Core Cooling 

System will limit the core damage to 2. 0% of the rods, as opposed to the 100%/ considered 

for the LOCA. All the safeguards that are in effect to mitigate the consequences of the 

LOCA are also available in the event of a rod ejection accident. The doses at the site bound

ary are thus- 2. 0%/ of those calculated for the LOCA. The thyroid does would be calcu

lated to be 0. 4 mrem and the whole body dose to be much l ess than 0. 01 mirem. The 

environmental impact of this accident would be less than .01 man-rem.  

Another postulated accident to be considered is the rupture of a steam pipe. The 

likelihood of the occurrence of this accident is extremely remote since piping is a ductile 

material and is completely inspected prior to service use and since the system undergoes 

hot functional testing prior to fuel loading. The environmental impact of a steam line break 

is minimized due to the following safety features: 

1. Reactor is protected by the Safety Injection System so that no fuel cladding 

damage results.
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2. The steam generators are provided with isolation on the main feedwater lines.  

3. Each steam line is provided with a fast-closing stop valve with a downstream 

check valve. These valves prevent blowdown of more than one generator even 

if one valve malfunctions.  

4. The steam released inside the containment is processed to remove radioactivity 

before release to the atmosphere.  

5. A flow restrictor is provided to limit the steam loss between the steam genera

tor and the valves.  

A rupture of a steam pipe is assumed to include any accident which results in an un

controlled steam release from a steam generator. The release can occur due to a break in a 

pipe line or due to a valve malfunction. The steam release results in an initial increase in 

steam flow which decreases during the accident as the steam pressure falls. The energy 

removal from the Reactor Coolant System causes a reduction of coolant temperature and) 

pressure. With a negative moderator temperature coefficient, the cooldown results in a 

reduction of core shutdown margin, If the most reactive control rod is assumed stuck in its 

fully withdrawn position, there is a possibility that the core will become critical and return 

to power even with the remaining control rods inserted. A return to power following a steam 

pipe rupture is a potential problem only because of the high hot channel factors which may 

exist when the most reactive rod is assumed stuck in its fully withdrawn position. Assuming 

the most pessimistic combination of circumstances which could lead to power generation 

following a steam line break, the core is ultimately shut down by the boric acid in the Safety 

Injection System.  

Assuming a steam line break occurred when operating with a leak in the steam gener

ator, the portion of reactor coolant activity discharged through the leak will be released to 

the steam generator. For the case of the break outside the containment and the leak occurring 

in the steam generator with the ruptured steam line, this activity is released to atmosphere.  

In addition, the activity initially present in the steam generator will be released. Following 

the accident, the reactor system would be cooled down and depressurized. Assuming a 

cooldown rate of 50OF per hour, the system would be depressurized to 350 psig in about four
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hours. At this time, the residual heat removal loop would be put into operation and in an 

additional four hours, the system would be cooled to saturation pressure less than atmos

pheric. The system would be depressurized and the leakage would terminate.  

With a circulating water rate of 840, 000 gpm, a steam generator tube leak of 20 gpd 

and 0. 1% fuel defects, the total iodine activity release is 0. 025 Curies equivalent 1-131.  

Under average meteorological conditions, the thyroid dose has been calculated to be 0. 03 

mrem at the site boundary. The whole body dose was determined to be less than .01 mrem.  

The environmental impact of this steam pipe break would be less than 0. 01 man

rem.  

A final postulated accident is a steam generator tube rupture. This event is an un

likely one since: 

1. The steam generator tube material, (Inconel 600), is highly ductile, making the 

probability of rupture very remote.  

2. In over 400, 000 tube years for Westinghouse built steam generators, there have 

been no gross tube ruptures.  

3. It is expected that rupture would be preceded by cracking. Activity in the second

ary system is continuously monitored and continued unit operation is not per

mitted if the leakage from the Reactor Coolant System reaches the Technical 

Specifications limit.  

4. A tube rupture does not lead to reactor core damage, but only that portion of 

the steam which is dumped to the atmosphere leads to radioactivity release.  

With power available to the circulating water pumps the steam is bypassed to the con

denser. The air ejector discharge is diverted to the containment within a few seconds after 

the air ejector monitor high activity signal and the activity release to atmosphere is not-.  

significant.  

All of the noble gas activity contained in the portion of reactor coolant discharged 

into the steam generator during the 30 minutes to isolate are assumed released to 

atmosphere.
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During the 30 minute period to isolate the faulty steam generator, 70, 000 lbs. of 

reactor coolant are discharged into the steam generator and 660 lbs. of steam are relieved 

to the turbine gland seal and subsequently to the atmosphere. Based on a reactor coolant 

system activity concentration corresponding to .1%o defective fuel the noble gas activity re

lease to atmosphere is 1,400 equivalent curies Xe-133. The corresponding iodine activity 

discharge into the steam generator is 11.4 curies equivalent 1-131 of which .57 curies are 

released to atmosphere.  

Under average meteorological conditions, a thyroid dose of 0. 05 nirem and a whole 

body dose of 0. 7 nirem was calculated. The environmental effect of this event has been 

calculated to be 0. 9 man-rem.  

This entire class of accidents has an extremely low probability of occurrence and 

their environmental consequences have been determined to be negligible were they to occur.
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2.1 GENERAL

2. 1.1 LOCATION OF THE FACILITY 

The Indian Point generating station is located on the east bank of the Hudson River 

about 24 miles north of the New York City boundary line, at Indian Point, Village of Buchanan 

in upper Westchester County, New York State. The station is about 2. 5 miles southwest of 

the city of Peekskill; 8. 3 miles south of West Point; 1. 5 miles northeast of the Lovett gener

ating station site; 4. 6 miles north of the Bowline Point generating station site; and 2. 3 miles 

north of Montrose Point. The site is approximately 239 acres in size and in addition to Unit 

No. 2, contains Unit No. 1, adjacent to and south of Unit No. 2. Figures 2. 1-1 and 2. 1-2 

of this report contain a map showing the general location of the Indian Point site and its en

virons, and a plot plan of all facilities at the site.
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2. ~ ( FIGURE 2 -1 

TOPOGRAPHICAL MAP OF INDIAN POINT! 
S.-I SITE AND SURROUNDING AREA 

Figure 2. 1-1 Topographical map of Indian Point site and surrounding area.  
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Figure 2. 1-2 Plot plan of the Indian 

Point site
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2. 1.2 PHYSICAL ASPECTS OF THE FACILITY & MECHANISM OF POWER GENERATION 

(a) Physical Aspects of the Facility 

The major structures comprising Unit No. 2 are the reactor containment building, 

the primary auxiliary, diesel generator, control, and turbine buildings. Relative locations 

of these facilities and of the facilities for Units No. 1 and 3 are shown in Figure 2. 1-2.  

Indian Point Unit No. 2 is a closed cycle four-loop pressurized water reactor designed 

by the Westinghouse Electric Company. It will be owned and operated by Con Edison.  

Westinghouse is the principal contractor and has turnkey responsibility for the design, con

struction, testing, and initial startup of the facility.  

(b) Mechanism of Power Generation 

The reactor is fueled with slightly enriched uranium dioxide in the form of ceramic 

pellets contained in zircaloy fuel tubes. The core is initially loaded in three regions, each 

with different enrichments. New fuel is introduced into the outer region at successive re

fuelings after the remaining regions have been either moved inward or discharged to spent 

fuel storage. Water serves as both the moderator and the coolant. Heat is removed from 

the reactor core by four separate coolant loops, each provided with a coolant pump and 

steam generator. The heated water flows through the vertical U-tube steam generators 

where heat is transferred to the secondary (steam) system. The water then flows back to 

the pumps to repeat the cycle. The system pressure is controlled by the use of an electri

cally heated pressurizer connected to one of the 4 loops in which steam and water are 

maintained in thermal equilibrium.  

The secondary steam produced in the steam generators is used to drive a tandem

compound turbine generator unit comprised of one high pressure and 3 low pressure cylinders.  

Six combination moisture separator-reheater units are employed to dry and superheat the 

steam between the high and low pressure turbine cylinders. The turbine generator is sized 

for a maximum calculated plant sendout capacity of 1, 032, 964 kw. The heat removed from 

the condensing steam is transferred to the circulating water system and this water is dis

charged to the Hudson River.
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The reactor is controlled by a coordinated combination of chemical shim (boron) and 

mechanical control rods, the latter consisting of clusters of stainless steel clad absorber 

rods and guide tubes located within the fuel assembly.  

The primary coolant system includes the reactor, steam generators, primary coolant 

pumps, primary coolant piping, and the pressurizer. This system is housed inside the con

tainment building which is a steel-lined, leak-tight, reinforced concrete structure. The 

containment provides a barrier to the release to the environment of radioactive fission pro

ducts that might be released inside the containment in the event of an accident. Auxiliary 

systems, including the chemical and volume control systems, the waste handling system, and 

additional auxiliary cooling systems are housed separately, principally in the adjacent 

Primary Auxiliary Building. The Primary Auxiliary Building also houses components of 

the engineered safety features. A separate fuel handling building is provided for storage of 

spent fuel. A separate turbine building houses the turbine generator.  

Figure 2. 1-3 of this report provides a cross section of the Unit No. 2 plant and 

Figure 2. 1-4 illustrates the steam generating equipment within the containment vessel. An 

artist's representation of an aerial view of the site when completed is presented in Figure 

2. 1-5. This figure shows the general locations of the various facilities at the site.  

(c) Transmission Lines, Switchyards and Substations 

Transmission of electricity from Unit No. 2 to the load center will not require the use 

of new rights of way for overhead transmission lines. The transmission lines from Indian 

Point Unit No. 2 to Buchanan, N. Y. will utilize 3 new steel poles on the Indian Point site as 

illustrated in Figure 2. 1-6. A schematic diagram of the route. taken by these transmission 

lines including the new existing poles in the Indian Point-Buchanan area is given in Figure 

2. 1-7.  

At the Buchanan substation, one bay is utilized as part of the ring bus connecting 

Indian Point Unit No. 2 through to Millwood. A schematic diagram of the ring bus at 

Buchanan is given in Figure 2.1-8.  

In order to minimize the environmental impact of the transmission lines from Unit No.  

2, tapered stell. poles with upswept crossarms are utilized on all new construction of trans

mission lines (see Figure 2. 1-6).
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HEATER BAY AND TURBINE ROOM

Figure 2. 1-3 Profile looking north thru turbine, containment and fuel storage buildings.  
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13XV' N.  

®-4 1 L 

I L__

To kRetqfPft

tACHAW-A

T MIn.WOOD 
f9Sp4A&## sa*

32-36 PAD (4-70) MECH. ENG. GRAPHIC CONTROLS CORP. BONDTEX NO. 150

Figure 2. 1-7 Route of transmission line in the Indian Point-Buchanan area.

2.1.2-7

34S V.- 

13K/ - -

I3%/I3 Kvj TrA'4s.

f 44i Aisse6d ZTitirr 

34.5-,*a fI 3 
c o. .. . erl.. ., 

Z-A 2)1 AVs P 6 1PJ T



BOWLINE POINT 
INDIAN POINT 
UNIT NO.3

TO MILLWOOD TO MILLWOOD

INDIAN POINT 
UNIT NO.2

PJM 

INTERCONNECTION

TO MILLWOOD 
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This produces a structure that is narrower, more graceful and significantly more 

aesthetically acceptable than the conventional lattice tower. As mentioned earlier, the 

towers on the Indian Point property are of the steel pole type.  

Since interference problems diminish with an increase in conductor size, radio and 

television interference has been kept to a minimum through the utilization of bundled con

ductors, that is, 2 conductors per phase with a total carrying capacity of one larger conduc

tor. Combined with special hardware designed for minimum corona discharge, experience 

with other lines in the system has led to the conclusion that from the standpoint of electrical 

interference, utilization of this present design provides minimal adverse effects.  

In conjunction with present construction and landscaping now in progress in the vicinity 

of Buchanan, a ten foot high redwood fence along with appropriate shrubbery and trees will 

serve to enhance and cover equipment and related structures which otherwise may have ap

peared unsightly.
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2.1.3 ENVIRONMENT IN THE AREA

(a) History 

The lower portion of the Hudson River is one of the earliest areas in the present 

United States to be settled by the colonists and the valley played an important role in the 

American Revolution. Many places throughout the general area, therefore, are of historical 

significance.  

Historical sites listed in the NATIONAL REGISTER OF HISTORIC SITES for surround

ing counties appear in Table 2.1-1.  

The closest such place to the Indian Point site is the Stony Point Battlefield Reserva

tion on the west side of the Hudson River, approximately two miles from the plant.  

The Hudson River Valley Commission in preparing a preliminary inventory of the 

historic resources of the Hudson River Valley, such inventory to be as all-inclusive as pos

sible, listed 17 sites within a one mile radius of the plant and a total of 31 sites within a 

two mile radius. It should be noted, however, that this particular listing was oriented more 

to buildings of historic importance rather than to general areas whose historic nature has 

been preserved. The listed historic site closest to Indian Point is Lent's Cove, where the 

British landed for a raid on Peekskill in 1777.  

(b) Geography and Geology 

The Indian Point site is surrounded on almost all sides by high ground ranging from 

600 to 1, 000 feet above sea level. The generating station is on the east bank of the Hudson 

River which runs northeast to southwest at this point but turns sharply northwest approxi

mately two miles upstream of the plant. The river south of the site bends sharply to the 

southeast and then widens as it flows past Croton and Haverstraw. Figure 2. 1-1 illustrates 

these topographic features of the actual site and surrounding area.  

The west bank of the Hudson, opposite Indian Point, is flanked by the steep, heavily 

wooded slopes of the Dunderberg and West Mountains to the northwest (elevations 1, 086 feet 

and 1, 257 feet respectively) and by Buckberg Mountain to the west-southwest (elevation 793 

feet). These peaks extend to the west (by other names) and gradually rise to slightly higher 

elevations. To the east of the site, peaks are generally lower than those to the north and
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TABLE - 2.1-1 

HISTORIC PLACES IN THE VICINITY OF INDIAN POINT GENERATING STATIONt

County Site Location

Rockland * Stony Point Battlefield

*Dewint House

Westchester

Bronx 

Bergen (N. J.) 

Orange

*Van Cortlandt Manor 

St. Paul's Church Nat'l 
Historic Site 

Dutch Reformed (Sleepy 

Hollow) Church 
*Gould (Jay) Estate, 

Lyndhurst 
*Irving (Washington) House 
Sunnyside 

*Philipsburg Manor 
*Philipse Manor 

*New York Botanical Gardens 

*Van Cortlandt (Frederick) 

House 
*Palisades Interstate Park 

*U. S. Military Academy 

(West Point) 
*Deleware and Hudson Canal 
*Historic Track 
*Harriman (E. H.) Estate, 

Arden 
Dutch Reformed Church 

*Washington's Headquarters

north of Stony Point on U. S.  
9W and U.S. 202 
Livingston Ave and Oak Tree 
Rd. Tappan 
U.S. 9, north of intersection 
with U.S. 9A, Croton-on-Hudson 
Eastchester, Mount Vernon 

north edge of Tarrytown on 
U.S. 9, North Tarrytown 
635 South Broadway, Tarrytown 

Sunnyside Lane, Tarrytown 

381 Bellwood Ave, Upper Mills 
Warburton Ave and Dock St., 
Yonkers 
Southern and Bedford Park 
Boulevards 
Van Cortlandt Park at 242nd 
Street 
West Bank of Hudson River (also 
Orange & Rockland, N. Y.) 
New York 218 

Main Street, Goshen 
New York 17, Harriman 

NE corner of Grand and Third 
Sts, Newburgh 
Liberty and Washington Streets, 
Newburgh

* Designated National Historic Landmarks by the U. S. Secretary of the Interior.  
tList prepared from the National Register of Historic Places, Federal Register, Volume 36, 

Number 35, Saturday, February 20, 1971, Part II.
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west. They include Spitzenberg and Blue Mountains which average about 600 feet in height, 

and there is a weak, poorly defined series of ridges which extends in a north-northeast 

direction.  

The site itself is hilly, rising from the Hudson River to elevations of about 150 feet, 

with the most frequent elevation being approximately 100 feet. The northern portion of the 

site includes an 80 acre wooded area and a fresh water lake.  

The nuclear units are located on the south-central portion of the site. The dominant 

features of these units are their containment domes and the stack for Unit No. 1, which pri

marily serves its oil-fired superheater. A considerable portion of this area has been cleared 

for construction and for storage, parking, roads, and temporary structures related to current 

construction. This portion of the site is presently affected in a manner quite typical of large 

construction projects in progress.  

Access roads and electrical transmission lines run from Units No. 1 and 2 to the 

eastern site boundary. A 26 inch and a 30 inch gas transmission line owned by the Algonquin 

Gas Transmission Company traverse the property on a 65 foot wide right-of-way running east 

to west across the site and passing 1, 450 feet south of Unit No.- 2. A permanent easement 

for the Village of Buchanan sewer system crosses the eastern corner of the Indian Point 

property, approximately 2,300 feet east of Unit No. 2. A temporary visitor's center is 

located on a hill overlooking the generating station.  

Adjoining the Indian Point site to the south is another tract owned by Con Edison, known 

as the Trap Rock site, which was purchased as a site for future nuclear generating units.  

The waterfront portion of that site is separated from the Indian Point waterfront by an in

dustrial complex owned by the Georgia-Pacific Corporation. This complex contains a grassy 

area bounded on the west by a curving ridge and on the north and east by a series of large 

earth mounds. This area is used for overhead electrical power and telephone lines, and 

underground gas, water and sewer lines. An abandoned quarry, now a lake of about 30 acres, 

dominates the area.  

The geology of the Indian Point site and surrounding area was studied in 1955 prior 

to the construction of Unit No. 1. From a geologic standpoint, the Indian Point site consists 

of a fine-grained phyllite, a schist, and limestone with bedrock lying very close to the
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surface. Units No. 1 and 2 are located on limestone, which is hard although jointed. The 

consulting geologist has stated that the bedrock is sufficiently sound to support any loads 

which may be anticipated up to 50 tons per square foot. This far exceeds any foundation 

load that will be superimposed on the site. In addition to being noncavernous, the intensely 

jointed condition of the limestone shows that residual stresses within the rock formations 

have been dissipated, almost eliminating the possibility of any further local changes within 

these formations. The jointed limestone formation is very pe rmeable and all ground water 

flows from the hills toward the river, thereby making it impossible for drainage from the 

site to go anywhere except to the river.  

In 1965, to review the geology of the site and confirm that the geologic. features per

taining to Unit No. 2 were the same as those for Unit No. 1, additional borings -were made.  

Thomas W. Fluhr, P. E. and Engineering Geologist, after conducting-this survey, stated not 

only that bearing strength of the foundation rock for Unit No.- 2 exceeded any load which was 

superimposed on it, but also that "...the bedrock is sufficiently sound to support any loads 

which may be anticipated." 

The borings also indicated that the. use of the Indian Point site in no way interferes 

with any substantial subsurface resources. Although these borings do not exclude the possi

bility of such resources (e. g., fossil fuels or other ore deposits), they do preclude any 

economical utilization of these resources.  

(c) Hydrology 

The hydrological features of the Indian Point site are relevant to the analysis of heated 

water, radioactive liquid and gaseous discharges from the plant. These features are the 

Hudson River, local ground water and wells and surface water reservoirs.  

During normal plant operation liquid wastes are discharged to the Hudson River through 

the circulating water discharge canal. The ground water is not susceptible to contami nation 

from accidental ground seepage or leakage from the plant because of the impermeability of 

the bedrock and the higher elevation of the plant relative to the river. Gaseous releases 

from the plant following a hypothetical accident have been studied for possible deposition of 

contaminants into surrounding surface water reservoirs.
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Both Con Edison consultants and government agencies have studied the hydrology of 

the Hudson River near the Indian Point site. Water depths within 1, 000 feet of the shore 

near the site are variable with an average of 65 feet, and at some points exceeding 85 feet.  

River width opposite the plant ranges from 4, 500 to 5, 000 feet.  

Flow in the Hudson River is controlled more by tides than by runoff from the tributary 

watershed. Tidal flow past the plant is more than 80, 000, 000 gallons per minute, 80% of the 

time, and it has been estimated that this flow is at least 9, 000, 000 gallons per minute in a 

section 500 to 600 feet wide immediately in front of the facility. The net mean downstream 

flow due to runoff is in excess of 11, 700, 000 gpm 20% of the time; of 4, 710, 000 gpm 60% of 

the time; and of 1, 800, 000 gpm 98% of the time.  

Flooding at the site is nonexistent. Flood stages primarily result from tidal influence 

and the highest recorded water elevation in the vicinity of the site was 7. 4 feet above mean 

sea level.- This is well below the basement elevation of Unit No. 2.  

Within a five-mile radius of the plant only one municipal water supply utilizes ground 

water. Other wells in this area are used for industrial and commercial purposes. The 

rock formations in the area and elevations of wells relative to the plant are such that acci

dental ground leakage or seepage percolating into the ground at Indian Point will not reach 

these sources of ground water but will flow to the river.  

Only two reservoirs within a five-mile radius are used for municipal water supplies.  

The first, Camp Field Reservoir, is the raw-water receiving basin for the system which 

supplies the City of Peekskill; which uses the Catskill Aqueduct and the Montrose Water 

District as auxiliary sources of supply. The impounding reservoir for the Stony. Point water 

system on the west bank of the river serves the towns of Stony Point and Haverstraw, and 

the villages of Haverstraw and West Haverstraw. The Stony Point system is connected to 

the Spring Valley Water Company to provide an alternate source of supply. A third reser

voir within five miles of the plant, Queensboro Lake, supplies water to a state park area 

only. The location of these reservoirs, and of others within a fifteen-mile radius, are shown 

in Figure 2. 1-9.  

Con Edison consultants have studied the hydrology of the Hudson in the vicinity of 

Indian Point. Reports on this subject have been prepared by Metcalf and Eddy Engineers
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and by Quirk, Lawler and Matusky Engineers (QLM) and are appended to this report (Appen
dices A and B). A more detailed discussion of the hydrology of the Hudson River at Indian 

Point is included later in this report (See Section 2.3.3.4.).  

(d) Meteorology 

(1) Annual Meteorological Statistics 

The most important meteorological characteristic of the Indian Point site is the pre

valent north-south wind direction. Air flow is channeled through the axis of the Hudson 

Valley by the ridges which surround it. This predominant wind direction holds at different 

altitudes and also for lapse, neutral and inversion conditions. There are no populated areas 

immediately to the north and south of the site and wind trajectories towards the center of the 

largest city in the area, Peekskill, are infrequent.  

New York University under a contract with Con Edison made extensive tests of the 

meteorological conditions at the Indian Point site. The testing program, begun in 1955 and 

completed in 1957, is described in three technical reports prepared by the New York Univer

sity staff under the immediate direction of the late Prof. Benjamin Davidson. Prof. Davidson 

had on several occasions in the past 12 years acted as consultant to Con Edison on meteoro

logic al matters and thus had a continued association with the Indian Point site. The original 

New York University reports or applicable excerpts therefrom which had been reviewed by 

Prof. Davidson and Con Edison are appended to this report (Appendices C, D, and E).  

The most frequent wind flow at low heights under inversion conditions is down the 

axis of the valley. This direction, roughly 0100 - 030c), is also the direction of maximum 

wind frequency at the 100 ft. level. The valley wind is diurnal in nature, i. e., up-valley 

during unstable hours and down-valley during stable hours. In general, these local winds 

are most frequent under clear sky and relatively light prevailing wind conditions such as 

occur mostly in the fall of the year. The diurnal variation of the vector mean wind as measured 

70 ft. above the river surface during S eptember- October 1955 is shown in Figure 2. 1-10 for 

conditions in which the geostrophic wind was virtually zero (12 days) and in Figure 2. 1-11 for 

conditions in which the geostrophic wind was less than 16 mph (35 days). It may be seen that 

for these virtually stagnant prevailing wind conditions, there is a regular diurnal shift in wind 

direction and that the mean vector wind associated with the down-valley flow is on the order 

of 6 mph.

2.1.3-7



Figure 2. 1-10 Diurnal variation of mean vector wind for virtually zero pressure gradient 
conditions, Sept. -Oct. , 1955, 70 ft. above river.  
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Figure 2. 1-11 Diurnal variation of mean vector wind for 24 hr. periods of 
weak pressure gradient conditions (Geostrophic winds less than 16 mph), 

Sept. -Oct., 1955, 70 ft. above river.  
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(2) Severe Conditions

The site is located in a region where natural phenomena such as tornados are uncom

mon. The nearest weather stations to Peekskill having wind recording instruments capable 

of recording wind gusts of 100 mph or greater, and with records for twenty years or more, 

are at Newburgh, N. Y. (Steward Air Force Base), Bedford, Mass. (L. G. Hanscom Field), 

Atlantic City, N. J. (Naval Air Station and Weather Bureau), Rome, N. Y. (Griffiss Air Force 

Base) and Patuxent River, Md. (Naval Air Station).  

The National Weather Records Center, Asheville, N. C., searched. the records of the 

above stations for observations of wind speeds greater than or equal to 100 mph. Only two 

cases of wind velocities exceeding.100 mph (110 mph and 1ll mph maximum gusts) were 

found. Both these cases occurred during the passage of hurricanes.  

(3) Recent Meteorological Data 

A meteorological monitoring program designed to update the 1956-57 data in the 

Hudson River Valley has recently been completed (See Appendix G). This program was 

prepared by Dr. James Halitsky (formerly of NYU).  

The two questions answered by this report are: whether or not the annual meteoro

logical conditions as recorded in 1956-57 can be expected to recur within reasonable limits; 

and whether or not periods of prolonged poor diffusion - as defined by the joint criteria of 

low wind speed, constant wind direction or small angular fluctuations - occur with any 

regularity.  

First, this report confirms the recurrence of mid-1950's meteorological data. Data 

with respect to the second question indicates that no periods of very prolonged poor diffusion 

potential were found. Poor diffusion occurred under moderate inversion conditions, whereas 

stronger inversions produced meandering winds. Also the wind speed ranges measured 

under inversion conditions while occasionally approaching the F stability catego * during 

random hours, most consistently corresponded to the C-D category when averaged over 

periods of poor dispersion potential.  

*See Table 2. 1-2 for category definitions.
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TABLE - 2.1-2

RELATION OF TURBULENCE TYPES 

TO WEATHER CONDITIONS

A--- Extremely unstable conditions 
B--- Moderately unstable conditions 
C---Slightly unstable conditions

D--- Neutral conditions* 

E---Slightly stable conditions 

F---Moderately stable conditions

Nighttime conditions 

Thin overcast 

Surface wind Daytime insolation or > 4/8 < 3/8 
speed, m/sec Strong Moderate Slight Cloudiness t Cloudiness 

< 2 A A-B B 
2 A-B B C E F 
4 B B-C C D E 

6 C C-D D D D 

>6 C D D D D 

* Applicable to heavy overcast, day or night.  

t The degree of cloudiness is defined as that fraction of the sky above the local apparent 
horizon which is covered by clouds.  

(from Meteorology and Atomic Energy, David H. Slade, editor, USAEC, July 1968)
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(e) Plant and Animal Life

Plant life at the Indian Point site may best be described as an oak-maple-hemlock 

forest and these primary species occur throughout the site. In addition, a great variety of 

other species, not part of the normal ecological succession, has been introduced to previous

ly cleared areas. These include wild cherry, dogwood, hickory, sumac, cottonwood and 

linden.  

Wildlife at and around the site area includes a typical group of North American species 

associated with a hardwood forest such as porcupine, woodchuck, squirrels, opossum, insects, 

reptiles and a variety of bird life including occasional waterfowl.  

By comparison with pollution levels existing near population centers such as Albany, 

Poughkeepsie and New York City, the quality of water reaching Indian Point, including the 

dissolved oxygen content, is relatively good. Hence, the river at the site supports a con

siderable variety and abundance of aquatic life. Migratory fishes in the area include striped 

bass, shad, alewife, blueback herring, smelt, and sturgeon. Principal resident fishes are 

eels, catfish, white perch, minnows, tomcod and sunfish. Both commercial and sport fishing 

occur in the area, although the amount of commercial fishing has generally declined during 

the past twenty years. Shad and striped bass are the two most important commercial species, 

while the striped bass is the most important for sport fishidng. There are no commercial 

shellfish or crustacean industries in the area. The river contains various submerged plant 

life, small aquatic insects and small crustaceans in sufficient amount to support fish life.  

Con Edison has financed extensive surveys of fish in the Hudson River at Indian 

Point. These surveys have provided baseline data and are discussed in detail later in this 

report.  

(f) Land Use 

(1) Waterways 

The primary waterway in the area of the Indian Point site is, of course, the Hudson 

River. The entire area is dotted with minor creeks, brooks, lakes and ponds. Since, as 

noted in Section 2. 1. 3-b, ground water from the site flows toward the river, the Indian Point 

facilities will in no way affect them. The only other waterway of any significance is the 

Peekskill Hollow Brook which runs north of the City of Peekskill. No detrimental effects
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or interference are expected with respect to this waterway from the physical presence or 

operation of the Indian Point facilities.  

(2) Government Reservations and Installations 

With the exception of Camp Smith, located one mile north of the site, there are no 

significant government reservations or installations within the immediate vicinity of the 

Indian Point facilities. The United States Military Academy at West Point is located approxi

mately 8.3 miles north of the site on the west bank of the Hudson River. No interference 

with either of these installations is expected from the physical presence and operation of the 

Indian Point facilities.  

(3) Land Use: Past, Present and Future 

Just prior to its being zoned for industrial use and acquisition by Con Edison, the 

property was the site of the Hudson River Day Line amusement park, a use which decreased 

substantially and was consequently abandoned. A pre-construction view of the site is shown 

in Figure 2.1-12.  

Today, within the confines of a limited cleared area, there exists the construction site 

for a nuclear complex with laydown areas, parking lots for workers' cars, construction 

buildings, an array of heavy equipment and all the activity normally associated with large 

scale construction. While the environmental impact of such change and activity cannot be 

termed desirable, it is, however, planned and controlled to localize an effect which can be 

considered temporary. The main boundaries of the site have been left relatively untouched 

in an attempt to provide a visual and acoustic shield for the surrounding neighborhood. As 

construction approaches completion, and work forces and equipment on the site diminish, 

orderly restoration will begin to accelerate. Complete restoration of the site is expected 

to be accomplished within one year of the completion of Unit No.' 3. At that time a new kind 

of park with industry hosting recreational, educational and cultural facilities will have re

placed an amenity from another era. Future plans for the site in this respect are discussed 

later in this report.  

While some relocation of wildlife has occurred as a result of construction, approxi

mately one-half of the site peripheral to the construction area remains untouched and as 

such provides immediate refuge for wildlife movement. This has held to a minimum the
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Figure 2. 1-12 Pre-construction view of the Indian Point site.  
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actual distance of wildlife relocation. -When the areas disturbed during construction have 

been restored, rapid wildlife resettlement can be expected.  

With respect to the population distribution of the area surrounding the site, approxi

mately 66 people reside within a 1, 100 meter radius of Unit No. 2 (low population zone), all 

of them to the east, southeast, and about 2, 850 people live within one mile of the new unit.  

An estimated 58, 000 people now reside within a 5-mile radius of the facility and the largest 

population concentration is the City of Peekskill, the center of which is about 2. 5 miles 

northeast of the site. As a result, the most densely populated 15 degree sector within 5 

miles of the site is north-east toward Peekskill.  

Within a 15 mile radius of the site, 1960 population records indicate 352, 000 indi

viduals reside. Current predictions for this same area in the year 2000 anticipate 

1, 040, 000 residents. Although there is some industrial activity* with a little agricultural 

and grazing activity, the majority of land within this 15-mile radius is now zoned principally 

for residential and state park usage. Projections do not indicate, and there is no reason 

otherwise to conclude, that the land usage within this radius will shift appreciably by the 

year 2000. Population distributions and land usages for this area are shown in Figures 

2. 1-13 and 2. 1-14.  

As mentioned, the area immediately around and including the Indian Point site is 

zoned industrial. Also, the location of a second unit adjacent to one already in existence 

represents an efficient use of land compared with the selection of an undeveloped site. (See 

Appendix H.) 

A study compiled for Con Edison by the Regional Economic Development Institute, 

Inc., under the direction of Dr. Edward M. Hoover, reviewed the existing and projected 

population and land use within a 55 mile radius of Indian Point. Population distributions for 

this area are given in Figure 2. 1-15. The results of this study which is appended to this 

report (Appendix F) supports Con Edison's conclusion that Unit No. 2 represents a desirable 

land use consistent with both the short and long term development of the surrounding area.  

*Industries in the vicinity include Georgia Pacific Complex, New York Trap Rock Corpora
tion, Fleishmann's Distillery, and Sanitas Company.

2.1.3-15



736 166

-, ZrV FIGURE 2.1-13 
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Figure 2.1-14 Map and descriptiom, 
showing land usage.  
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(4) Unquantified Values

With respect to the Indian Point site, there is no unique natural environment within 

the sphere of influence of the facility. There are no unusual phenomena such as geysers, 

caverns, forest areas, or natural wildlife sanctuaries which could be affected by the presence 

of Unit No. 2 or any related facilities. With respect to the scenic value of the area, prior 

to any construction on the site, the Hudson River at Indian Point could not have been considered 

as exceptionally scenic for two reasons, the first of which was the abandoned condition of the 
site referred to earlier herein. Moreover, the Hudson River at Indian Point was utilized by 

the U. S. Maritime Administration as the location of its "mothball fleet."1 Prior to the con

struction of Unit No. 1, the "fleet"l numbered approximately 189 vessels. As of July 31, 

1971, the entire "fleet" had been moved from the area. This, in conjunction with the de

velopment of a park on the site when Unit No. 3 has been completed will measureably enhance 

the scenic value of the area. Aspects of scenic enhancement are discussed in greater detail 

later in this report (Section 2. 3. 1. 2).  

(g) Physical and Chemical Characteristics of the Hudson River 

The Hudson River at Indian Point is subject both to- tidal and salinity changes on a 

diurnal and a seasonal basis. Superimposed on these influences are those due to meteoro

logical conditions - variations in precipitation, insolation, wind and air temperature. Hence 

the aquatic ecosystem is subject to daily, tidal. and seasonal changes in such parameters as 

water depth, flow, s -alinity and temperature. A number of other water characteristics also 

vary in response to these primary changes, viz., density, dissolved oxygen and suspended 

particulates.  

Because of the relatively well-mixed character of the estuary at Indian Point, the 

tidal impact on salinity and temperature is quite small. In, addition, the small tidal height 

change restricts the extent of tidal temperature variations because relatively little of the 

river margins are exposed at ebb tide. As a result, areas of shore are not exposed, for 

long periods; consequently, they do not act as heat accumulators or dispersors, a charac

teristic of other estuarine environments, which can lead to rapid temperature changes in the 

overlying water as the tide begins to flood.
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In contrast to the small environmental changes consequent on tidal activity, there are 

marked changes on a seasonal basis, and also on an annual basis as drought periods (e. g.  

middle 1960?s) are succeeded by more normal rainfall years. Most importantly, these sea

sonal changes affect river temperature and salinity.  

Seasonal changes in water temperature reflect ambient air temperatures and range 

from freezing conditions from late December to late February, to channel water tempera

hires of nearly 30 0C during August, the month which is characteristically the warmest 

month for the river water. Channel water temperatures will reflect the movement of the 

major water masses with the tide, while inshore water will be strongly affected by insola

tion or cooling in the shallow bays, by exposure of the littoral during the ebb, as well as by 

discharges of streams or of effluents.  

The rate of change of water parameters may also be important in defining the physical 

characteristics of the ecosystem. Again, the most marked changes are exhibited by tempera

ture which may change seasonally at a rate of 10 0 F/month (taking midday mean temperatures).  

During the 24 hour daily period there will also be quite rapid changes, amounting to as much 

as 5 OF during spring or autumn when night and day ambient temperatures are most different.  

By contrast, changes in flow, tidal height or salinity are much more gradual.  

Some physical and chemical characteristics of the Hudson River water at Indian 

Point have been summarized in Table 2. 1-3. The variability in the chemical constituents is 

due in part to the variable nature of the salt-front and the changing proportions of fresh and 

salt water.  

Nitrate and phosphate concentrations reflect, for the most part, the natural and man

made inputs of organic material to the river. The values are characteristic of most organical

ly rich waters. The concentrations of nitrate and phosphate are insignificantly affected by the 

salinity pattern.  

Dissolved oxygen in the water at Indian Point is generally around 70% of saturation at 

all observed temperatures. It shows little change with depth, and there is no indication of 

oxygen depletion in the bottom muds. Occasional low values for dissolved oxygen seem related 

to discrete masses of water with a high Biochemical Oxygen Demand (BOD). For this reason 

the lowest dissolved oxygen values found in the river are generally observed near the largest
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TABLE - 2.1-3

CHEMICAL ANALYSIS OF THE HUDSON RIVER NEAR 
INDIAN POINT, OCTOBER, 1964, TO SEPTEMBER 30, 19671 

Concentration mg/1 

Minimum Maximum Average 

Silica (Si0 2 ) 2.6 (b) 3.9 (b) NA 

Iron (Fe) 0.05 (a) 0.12 (b) NA 
Aluminum (Al) NA NA NA 
Manganese (Mn) 0.00 (b) 0.02 (b) NA 

Calcium (Ca) 19 82 35.6 
Magnesium (Mg) 3.9 184 45.8 
Sodium (Na) 5.5 1,700 39.7 

Potassium (K) 0.8 60 17.2 

Bicarbonate (HCO 3 ) 54 82 67.3 
Sulfate (SO 4 ) 23 420 127.2 
Chloride (Cl) 8.5 3,020 749.1 

Nitrate (NO 3 ) 0.2 1.8 0.7 
Phosphate (PO 4 ) NA NA 0.3 t t 
Dissolved Solids NA NA NA 
Hardness (as CaCO3 ) 64 966 295.5 
Dissolved oxygen 5.5* 11. 5* 8.4* 
Biochemical Oxygen 1.4* 4.6* 2.7* 

Demand (5-day, 200C) 
Salinity 100 7200** 950 

Physical Parameters (Units as indicated) 

Minimum Maximum Average 

Temperature, OF 34.7* 77.0* 51.8* 
pH 7.1* 7.5* 7.3* 
Color 0* 25* 15* 

tData collected by U. S. Geological Survey at Tompkins Cove, N. Y. (MP 42.5) unless 
otherwise noted.  

NA= Not available or results too few to average.  
(a) USGS Station at Verplanck, N. Y.  
(b) USGS Station at Tompkins Cove, N. Y. [sampling frequency t (t)] 
t t from NYU studies 
* from intake at IBM Facility (MP 71.6) 

** from QLM studies
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population centers (for example, 1 ppm in August, south of Albany). However, for the most 

part oxygen levels are 6 to 7 ppm throughout the year.
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2.1.4 ELECTRIC POWER SUPPLY AND DEMAND

The immediate need of the people in Con Edison's service territory for the electric 

power to be produced by Indian Point No. 2 cannot be underestimated. This unit was origi

nally scheduled for commercial operation on June 1, 1969. Delays from that date have 

contributed to unprecedented critical power supply problems for the New York metropolitan 

area.  

In order to estimate the significance of this problem, it is important to understand 

the nature of Con Edison's electric service area, which covers the five boroughs of New York 

City and most of Westchester County. The population of this service area is approximately 

8,650,000. An adequate and reliable supply of electric power is essential to the life of this 

key metropolitan area. A lack of such a supply will jeopardize a vast array of critical serv

ices and facilities vital to the preservation of the public health and safety such as water 

supply, fire protection, sewage and garbage disposal, hospitals, nursing homes, railway 

and subway transportation, law enforcement, traffic control, drawbridge operation and all 

forms of local and interstate communications. As a national and international center, a lack 

of power in this area will have effects beyond its geographical borders.  

(a) Recent Past 

Since 1969 Con Edison has been faced with a continuing crisis in supplying electric 

energy to the communities which it serves. Immediately prior to 1969 the Company's 

planned reserve capacity (without Unit No. 2), including purchases from others, was 1, 532 

megawatts or 21% of its anticipated peak load.  

In 1969, however, delays in the addition of new capacity by other utilities limited the 

amount of the purchased power actually available in that year to 260 megawatts, a minor por

tion of the 710 megawatts for which Con Edison had contracted. In addition, there were 

several equipment outages and deratings* experienced during the summer period, which is 

the period of peak demand in the Company's system. As a consequence, the Company had 

to request large customers to reduce load voluntarily, to appeal to the general public to 

*"Deratings" result from equipment problems which, while they do not require that a gen
erating unit be completely removed from service, restrict its operation to less than its 
full capacity.
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conserve electricity and to institute voltage reductions -on eight different days on which the 

loss of capacity ranged from 800 to over 2, 000 megawatts. On two occasions the voltage 

reduction reached the maximum allowable level of 8%*, after which the only load control 

device available is to totally discontinue electric service to some of our customers.  

Again in 1970 the Company experienced power shortages even though it had increased 

its planned capacity resources from 8,882 megawatts to 9, 839 megawatts. This represented 

a reserve of 27% of anticipated peak load, and was to be principally achieved by the addition 

of almost 1, 200 megawatts of gas turbine capacity to the system. Construction and start-up 

delays, as well as a strike which affected one of Con Edison's suppliers, caused slippage in 
the schedule for adding the gas turbines. We started the summer with none of the gas tur
bines in operation. They came into operation at various times thereafter, and Con Edison 

had 874 megawatts in operation at the end of the summer. This together with equipment 

deratings and forced outages, made it necessary for Con Edison to make appeals again for 
the conservation of electricity by the public and to institute voltage reductions on fifteen 

days. On one occasion Con Edison had to resort to discontinuance of service to approxi

mately 1% of its customers. Discontinuance of service to any customers is a drastic measure 

and every effort must be made to avoid its recurrence.  

As far as 1971 is concerned, Con Edison has added 624 megawatts of additional gas 
turbine capacity and, after re-rating some of its older units, it has a reserve installed on 

its own system equal to only 9% of the estimated peak load. Con Edison has also contracted 

for 920 megawatts of firm capacity purchases, thus raising the reserve to 21%. After further 

adjustment for the requirements of the steam system, the reserve is reduced to 17. 3%.  

This reserve, considering the re-ratings, is of the same order of magnitude as those 
with which Con Edison faced the summers of 1969 and 1970, and again Con Edison has had 

to resort to the frequent use of voltage reduction. So far this year Con Edison has reduced 

voltages on its system on thirteen occasions.  

Con Edison's peak load forecast for 1971 was 8, 150 megawatts, and to date a peak of 
7,719 megawatts has been experienced. This occurred on July 1st when a 3% voltage reduc

tion was in effect on a major part of the system.  

*Voltage reductions in excess of 8% would cause damage to customers' equipment.
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(b) Outlook for 1972

If Indian Point No. 2 should not be available in 1972, the power supply situation is 

likely to be substantially worse than in the recent past. The estimated peak load is 8,550 

megawatts, and installed capacity, assuming that Indian Point No. 2 is on-line, is expected 

to be 9,996 megawatts. This includes 400 megawatts from Con Edison's share of Bowline 

Point Unit No. 1, scheduled to go on-line in July 1972, and 348 megawatts from barge

mounted gas turbines, also scheduled for July 1972. The Company has, in addition, con

tracted for 325* megawatts of purchased capacity and expects to sign a contract for an 
additional 70 megawatts shortly. This would provide a reserve after steam system require

ments of 19. 9%, which is substantially less than is desirable. It is at this level of antici

pated reserve, and greater, that Con Edison has experienced severe difficulties for the *past 

three years. If the 873 megawatts of capacity from Indian Point No. 2 were not to be avail

able, Con Edison Is reserve margin for 1972 would be cut almost in half, i. e. , to 9. 7%. This 

margin would represent a serious threat to the power supply of the New York metropolitan 

area, and would be even worse in the event of a delay in completion of Bowline Point Unit No.  

1 (525 MW, including the 125 MW purchase) and the new gas turbines (348 MW).  

The New York State Public Service Commission described the scope of the electricity 

supply problem in our service area in a recent opinion** (page 6), as follows: 

"Inr the summer of 1971 and, it appears, for 
a number of summers to come, the New York 
metropolitan region may be forced to adjust 
to shortages of electric power serious enough, 
at least, to cause inconvenience and, at worst, 
to weaken the capacity of both the city and its 
surrounding areas to function." 

That statement was written on the assumption that Indian Point No. 2 would be available 

during the summer of 1972.  

The environmental impact of the unavailability of Indian Point No. 2 must also be con

sidered. The immediate effect in 1972 would be that Con Edison would be forced to make 

*Of this, 125 megawatts are from Orange & Rockland's share of the Bowline Point Unit No. 1.  
**Case 25937 - Proceeding on motion of the Commission as to plans and procedures of elec

tric corporations for load shedding in times of emergency. Second Interim Report.  
August 3, 1971
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greater use of older fossil-fueled plants. The result would be that additional amounts of 

pollutants would be added to the New York City atmosphere. The quantities are shown in 

Section 2. 5.  

(c) Prospective Power Supply and Demand 

Con Edison's latest evaluation of load growth and prospective power supply indicates 

that the capacity of Indian Point No. 2 will represent a significant portion of the reserves 

which are to be maintained in future years to assure adequate reliability of service to our 

customers. As discussed above, Con Edison has had difficulty in the recent past in meeting 

peak load requirements. It now has an extensive construction program to prevent the re

currence of these difficulties and to meet future load growth. It is estimated that Con Edison 

will require additional power equal to that of a large new plant every other year. Indian 

Point No. 2 is an integral part of this program. In the years subsequent to 1972, the 

availability of capacity from Indian Point No. 2 along with capacity from other units which 
are now planned, will allow Con Edison to increase installed generating reserve margins to 

a level which it deems acceptable.  

In addition to meeting the requirements of load growth, the availability of planned new 
capacity including Indian Point No. 2 is essential to allow the retirement of units which are 

now 40 to 50 years old and which would have already been removed from service were it not 

for delays already experienced. These units are inefficient and environmentally undesirable.  

Moreover, despite substantial expenditures for maintenance, they provide a much less 

reliable source of capacity than that provided by the newer units, and their reliability will 

continue to deteriorate. Any delay in the operation of Indian Point No. 2 relying on the post

ponement of the retirement of these units would be ill-advised because they might be unable 

to provide dependable output when required.  

(d) New York Power Pool 

Con Edison is a member of the New York Power Pool (NYPP) which membership in
cludes the eight major operating utilities in New York State, (See Table 2. 1-4). Indian Point 

No. 2 will substantially contribute to the reliability of operation of the New York Power Pool 

although the capacity which can be provided by the unit is less critical for the New York 

Power Pool as a whole than for Con Edison as an individual member.
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TABLE 2.1-4 

NEW YORK POWER POOL MEMBERS 

Consolidated Edison Company of New York, Inc.  

Long Island Lighting Company 

N ew York State Electric and Gas Corporation 

Orange and Rockland Public Utilities, Incorporated 

Rochester Gas and Electric Company 

Niagara Mohawk Power Corporation 

Central Hudson Electric and Gas Corporation 

Power Authority of the State of New York 

*Jamestown Municipal Electric System 

*Long Sault, Incorporated 

*Village of Freeport 

*-New York State Companies which are not members of the New. York Power Pool 
but which report their Load and Capability as part of the New York State Intercoin
nected Systems 

Date: March 1971
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The forecasted electric supply situation for the New York Power Pool prepared in 

March 1971 indicates that New York Power Pool reserves in 1972, with Indian Point No. 2 

in service, will be 4859 MW or 24.2% of estimated co-incident peak load. If Indian Point 

No. 2 were not in service this reserve would be reduced to 3986 MW or 19. 9%. This would 

represent a substantial reduction in New York Power Pool installed reserves and a corres

ponding reduction in the reliability of the Pool.  

(e) Northeast Power Coordinating Council 

Con Edison is also a member of the Northeast Power Coordinating Council (NPCC), 
which was established as a regional council to promote maximum reliability and efficiency 

of electric service in the interconnected systems of the member companies. It is the pur

pose of the NPCC to provide a means whereby the coordination of system planning and 

operating procedures may be expedited. The NPCC does not provide a pool of capacity 

resources for members.  

(f) Consequences of Delay 

In the event the license to operate Indian Point No. 2 is not granted, it will probably 

be necessary for Con Edison to implement, for the short term, various emergency procedures 

which have been developed to provide for situations where there is a shortage of generating 

capacity resources. These procedures could, depending on the severity of the power shortage, 
ultimately involve load conservation measures such as voltage reduction and disconnection of 

customers. The number of instances in which the public will have to be inconvenienced by 
these measures will depend largely on the magnitude of forced outages of other generating 

equipment installed on the Con Edison system and the availability of capacity in other utility 

systems for sale to Con Edison on an emergency basis.  

The emergency procedures which would be implemented in the event of a power short
age have been prescribed by the New York Public Service Commission in Case 25937, supra.  

The Commission ordered a sequence of 23 steps (Table 2. 1-5). The most significant steps 

affecting customers are an 8% voltage reduction and load shedding by disconnection of cus

tomers. The latter procedure could have a statewide effect because all members of the New 

York Power Pool have agreed to disconnect their customers to assist a power deficient 

company.
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TABLE 2.1-5

Extract from order of New York Public Service Commission in Case 25937 - Proceeding on 

motion of the Commission as to plans and procedures of electric corporations for loading 

shedding in times of emergency. Second Interim Report August 9, 1971.  

"The Commission orders that: 

1. Consolidated Edison Company of New York, Inc. ("Consolidated Edison") is 
directed to give effect to and carry out the following sequence of emergency procedures, as 

needed, whenever its available supply of electric power is insufficient to meet demand: 

1. Bring all units to sustained rating (except any unit limited by silica).  

*2. Purchase additional power, if available, from external sources.  

*3. Place gas turbines in service at base load.  

*The system operator is permitted the 
discretion of alternating the sequence 
of Steps 2 and 3 based on economic 
considerations.  

4. Bring Group I stations to short time ratings.  

5. Request Group II stations to exceed sustained ratings by maximum possible 

without making smoke.  

6. Increase loading of gas turbines to peak rating.  

7. Disregard silica limitations on any units applicable.  

8. Bring Group I stations to maximum ratings.  

9. If not already done, arrange for leased boiler plants to start.  

10. Import extraordinary supplemental power.  

11. Curtail load on Consolidated Edison's own facilities.  

12. Insure that New York Power Pool Dispatcher has requested Pool members to 

prepare for voltage reduction.
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TABLE 2. 1-5 (Continued)

13. Place in service any gas turbines undergoing active construction work but capable 

of operating, at permissible rating, up to peak rating.  

14. Reduce voltage by 3%.  

**15. Request large customers to reduce loads (telephonic requests).  

**16. Request all customers to reduce loads (public appeals via mass media).  

**These steps are to be initiated at any point 
in the procedure where it becomes apparent 
that steps beyond No. 17 will be necessary.  

17. Reduce voltage by 5%.  

18. Obtain emergency generation, if available, from the Power Authority of the 

State of New York, involving emergency release of Lake Ontario water.  

19. Increase Group II stations to maximum ratings.  

***20. Reduce voltage by 8%.  

***21. Request traction customers (subway system) to cut off heat on operating cars.  

***Step 21 is available only during the heating 
seasons. It may be employed only where the 
temperature in subway cars will not be re
duced below 450 F. If heat in subway cars 
will not be reduced below 550 F, Step 21 
may be employed in advance of Step 20.  

22. Request assistance from upstate aluminum plants if transmission capability 

permits.  

****23. Disconnect load, as necessary and/or as requested by the New York Power Pool 

Dispatcher, in the less densely populated areas identified in these proceedings as suitable for 

emergency disconnection, to the extent and in a manner not inconsistent with the foregoing 

opinion.  

****SubJways may be transferred to "series 
operation" as an alternative or supple
ment to this step but only on weekends 
or during the hours of 8:00 p. m. to 
6:00 a. m. on weekdays." 
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Distribution voltage can be reduced in three steps producing a voltage reduction of 

3%o, 5% or 8%. Based on the estimated 1971 summer Con Edison peak system load, an 8%o 

voltage reduction would reduce load by about 500 MW. The system operator can also dis

connect up to 1, 779 MW of load. Should it become necessary, the system operator can 

order further load disconnection via supervisory control systems.  

In accordance with the Public Service Commission's order, the Company would 

make every effort to contract for the purchase of supplemental and emergency capacity from 

neighboring utilities. The availability of such capacity will depend upon two factors: the 

installation of new capacity in neighboring systems and the transmission capability between 

systems. Since neighboring systems have experienced delays in meeting service dates and 

outage problems similar to those of Con Edison, this source of power cannot be relied upon 

for other than emergency conditions. Also, Con Edison's attempts to strengthen the trans

mission system have experienced delays caused by local opposition along transmission line 

routes.  

If it should be necessary to disconnect load equal to the capacity of Indian Point No. 2 

(873 MW), it would mean the interruption of more than 400,000 customers in the less dense 

areas of Westchester, Staten Island, Northeast Bronx, and Northeast Queens. This would 

initially affect approximately 1,250,000 people, primarily in private homes and small 

commercial establishments. If such a load disconnection were required for more than two 

hours, additional people would be affected as Con Edison rotated the service interruption to 

different parts of its system.  

In recognition of these problems, the Company has initiated programs to reduce the 

demand for electric power. Con Edison has discontinued promotion of electric sales and is 

conducting a program of consumer education on conservation of electricity.  

The Public Service Commission in its opinion in Case 25937, supra, after discussing 

all possible emergency measures, concluded as follows (at p. 28): 

"There can be no doubt, of course, that this 
great region will face awesome difficulties if 
Consolidated Edison does not, reasonably 
soon, acquire additional generating and power
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import capacity. It is to that solution, how
ever, that all energies should be turned and 
not to measures that so plainly invite economic 
disaster. 1 

The problems of long-term replacement of the power to be supplied by Indian Point 

No. 2, if it should not be available, are discussed in Section 2. 5.
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2.2 ENVIRONMENTAL APPROVALS AND CONSULTATIONS 

2.2.1 PERMITS AND APPROVALS RELATING TO INDIAN POINT NO. 2*

AGENCY 

Federal

DESCRIPTION PERMIT ISSUED

Atomic Energy 
Commission 

Department of the Army 
New York District 
Corps of Engineers 

Department of The Army 
New York District 
Corps of Engineers 

Department of The Army 
New York District 
Corps of Engineers 

Department of The Army 
New York District 
Corps of Engineers 

Department of The Army 
New York District 
Corps of Engineers

Construction Permit No. CPPR-21 

Permit No. NANOP-E 
Place fill in Hudson River.  

Permit No. NANOP-E 
To construct a discharge channel 
extension wall, a screenwell struc
ture, to place fill and to dredge.  

Permit No. NANOP-E 
Approval of revised plans to place 
fill in Hudson River. Such approval 
to supersede plans approved Permits 
dated February 23, 1966 and March 
15, 1966.  

Permit No. NANOP-E 
Construct a screenwell, bulkheads, 
a discharge channel, to dredge, to 
place dredged material behind the 
bulkheads and to install temporary 
dolphins in the Hudson River.  

Permit No. NANOP-E 
Revised plans approved to super
sede plans approved Permit dated 
September 29, 1967.

October 14, 1966 

February 23, 1966 

March 15, 1966 

January 19, 1967 

September 29, 1967 

November 24, 1970

Additionally, install a steel outfall 
section consisting of 12 submerged 
openings.  

*See Appendix I for copies of the listed permits and approvals.
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AGENCY 

Federal

DESCRIPTION PERMIT ISSUED

Department of The Army 
New York District 
Corps of Engineers 

STATE OF NEW YORK 

Department of Health 

Water Resources 
Commission Con
servation Department 

Water Resources 
Commission Con
servation Department 

Department of Health 

*Department of Environ
mental Conservation 
Division of Pure Waters

Permit No. NANOP-E 
Dredge flotation channel and con
struct ramp in Lents cove, Hudson 
River.  

Discharge Canal and Outfall Structure 

(No permit #) 
Approval of final plans for 214 foot 
cooling water discharge channel 
facilities.  

Permit No. 8-4-66 
Construction of extension of dis
charge canal to separate discharge 
from intake to a point 300 feet 
south of present location.  

Permit No. 8-22-70 
Extend discharge canal 98 feet down
river and protect with sheet piling 
at Indian Point generating station.  

(No per mit#) 
Outfall construction - construction 
of an effluent channel with a sub
merged diffuser.  

Outfall Construction - construction of 
effluent channel with 12 submerged 
openings, 4 by 15 feet each, with 18 
foot centerline depth submergence, 
including adjustable ports. .Super
sedes permits of August 22, 1966 and 
May 19, 1970.

*This Department was created in 1970 to take over and replace various functions of other 
State departments. Among other duties, it took over those of the Conservation Department 
which was abolished and those of water and air pollution control which had previously been 
under the Department of Health.
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AGENCY ~DESCRIPTIONPEIITSSD

STATE OF NEW YORK 
(Continued) 

Department of Health 

Department of Environ
mental Conservation 

De partment of Environ
mental Conservation

,Chemical Discharges

Sewage and waste disposal.  

Permit to discharge, chemical 
solutions.  

Permit to discharge chemical 
solutions.

June 10, 1959 

November 13, 1970 

February 10, 1971

Dredging

Water Resources Com
mission Conservation 
Department 

Water Resources Com
mission Conservation 
Department

Water Resources Com
mission Conservation 
Department 

Water Resources Com
mission Conservation 
Department

Permit No. 8-1-66 
Deposit 50,000 cubic yards of rock 
spoil in Hudson River at Indian Point.  

Permit No. 8-11-66 
Dredge an area of 135 feet by 63 feet 
by 22 feet deep. Dredged area to be 
used for concrete screenwell 
construction.  

Permit No. 8-31-67 
Fill and dredge to carry out con
struction of new screenwell and 
relocate discharge canal.  

Permit No. 8-78-67 
Dredge a channel approximately 150 
feet wide by 1800 feet long in Lents 
Cove of the Hudson River.

February 4, 1966

April 13, 1966 

June 22, 1967 

November 30, 1967

Air Quality *

Department of Health Permit No. HA 680101 
Permission to construct two Babcock 
and Wilcox integral furnace boilers.

April 12, 1968

Environmental

Hudson River Valley 
Commission 

*See Section 2.3.4. 1 (6)

Screenwell and discharge line. September 14, 1967
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AGENCY 

STATE OF NEW YORK 
(Continued) 

Hudson River Valley 
Commission 

Hudson River Valley 
Commission

Department of Environ
mental Conservation

DESCRIPTION 

Environmental (Continued) 

Dredging in Lents Cove 

Changes in discharge canal.  

Water Quality Certificate* 

Water quality certification Indian 
Point generating station -- units #1 
and #2.

PERMIT ISSUED

December 7, 1967 

March 26, 1971

December 7, 1970

LOCAL

Village of Buchanan 

Village of Buchanan

Village of Buchanan 

Village of Buchanan 

Village of Buchanan

Permit No. 373 
Building Permit for excavation for 
nuclear steam electric generating 
station.  

Permit No. 381 
Building Permit for intake screen
well structure.  

Permit No. 387 
Building Permit for turbine room, 
water bay and discharge water tunnel.  

Permit No. 404 
Building Permit for primary auxiliary 
building and waste hold-up tank pit.  

Permit No. 405 
Building Permit for fuel storage 
building.

December 1, 1965 

May 16, 1966

May 24, 1966 

September 28, 1966 

September 28, 1966

*See Section 2. 3.3. 6
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AGENCY DESCRIPTION PERMIT ISSUED 

LOCAL (Continued) 

Village of Buchanan Permit No. 406 September,28, 1966 
Building Permit, for containment 
building.  

Village of Buchanan Permit No. 411 February 18, 1967 
Building Permit for control room.  

Future Environmental Approvals 

Future environmental approvals required for the operation of Indian Point Unit No. 2 

will include obtaining operating permits from the New York State Department of Environ

mental Conservation (Article 12, Public Health Law), the Department of the Army, Corps of 

Engineers (The Navigation and Navigable Waters Act, S407 -Refuse Act), and of course, an 

operating license from the Atomic Energy Commission.  

Application has been filed with the Department of Environmental Conservation for a 

permit for discharge of chemical solutions and an operating permit for the service boilers, 

and with the Corps of Engineers for a permit to discharge effluents through the channel and 

diffuser into the Hudson River. These approvals, together with the licenses and permits 

listed above, which have already been issued, constitute all the approvals which are required.
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2.2.2 CONSULTATION WITH PLANNING AUTHORITIES

Con Edison has consulted throughout the development of the Indian Point site with 
Westchester County's Department of Planning, which is the official planning agency for the 
County. By letter dated November 9, 1970 (see Appendix H), the Westchester County 
Department of Planning summarized its views that Indian Point. contributes to the develop
ment planned for Westchester County, where it states in part that: 

the site is zoned for industrial use and 
the use of this site for nuclear power 
generation is consistent with the overall 
land use and development planned by the 
Department for Westchester County.  

In the same letter, the Department of Planning comments on the propriety of selecting 
Indian Point as a site for Unit No. 2 given the existence of Unit No. 1 and the fact that West
chester County was committed to industrial use of the site and accustomed to the presence of 
a nuclear reactor. It also referred to the proposed development of the site for recreational 

and public purposes and commented that: 

this policy is strongly endorsed for its 
consistency with both County and local 
planning objectives.  

The Atomic Energy Council of the State of New York in its comments to the Atomic 
Energy Commission on Con Edison's Environmental Report for Indian Point Unit No. 2 
(dated August 6, 1970) expressed the opinion consistent with that of the'Department of Planning 

when it said that: 

-it appears that nuclear power develop
ment at this particular site may have 
resulted in an improved land usage.
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2.3 ENVIRONMENTAL IMPACT OF THE PROPOSED FACILITY

2.3.1 LAND USE COMPATIBILITY 

2. 3. 1. 1 Impact on Environment 

The land use in the vicinity of Indian Point is described in Section 2.1.3-f. As dis
cussed in that section, the Indian Point Site is zoned for industrial use and Indian Point No.  
2 represents an efficient and beneficial use of that land.  

With respect to use of the surrounding land, the site topography and the fact that the 
vegetation at the site boundaries has been kept intact has resulted in a visual and acoustical 

shield for nearby residences. Neither the physical presen ce nor the operation of Unit No. 2 
will have an adverse impact, visual or otherwise, on the present or projected uses of the 
land surrounding the site, whether industrial, residential, or recreational.  

2. 3. 1. 2 Measures to Enhance the Environment 

Of the 239 acres comprising the Indian Point site, about two-thirds is currently being 
used for construction related activities. Following the completion of Unit No. 3 the plant 
area will occupy only 35 acres, approximately 16% of the site. This represents a very low 
"use density" compared to other kinds of industrial development which might have occurred 
at Indian Point. F igure s 2. 3-1, 2. 3-2 and 2. 3-3 portray the phased development of the site.  

Figure 2. 3-1 is an illustrative plan, and Figure 2-3-2 is an aerial photograph of the site as 
it exists during construction. The overlay indicates. existing conditions. Figure 2. 3-3 is 
the same aerial photograph with an overlay showing the stakes for development of the master 
plan, with projected completion dates. The actujal dates will depend on the progress of con
struction with respect to Unit No. 3. In any event, landscaping and planting. are scheduled 
to'begin in 1971 in vacated construction areas and will continue-as use of other areas for 
construction 'are, discontinued. Most of the, landscape areas will be comnple1ted and usable 

upon the completion of Unit No. 3 now scheduled for 1973.  

The master plan for the Indian Point site envisages that a new Visitors' Center will 
be constructed. The new center will be considerably larger than the. existing facility and 
include more sophisticated exhibits. Its construction is expected to begin in 1973 and to be 

completed in late 1974.
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The area surrounding the Visitors' Center will contain paths, open and enclosed gar
den and exhibit spaces. The exhibits will be designed by Atkins & Merrill and will focus upon 
the peaceful uses of nuclear energy. The location of a training simulator at the site, where 
visitors could view personnel learning nuclear plant operations, is currently under considera

tion. Outdoor overlooks and other amenities, along with expanded parking facilities, will 
also be provided. The master plan allows for the eventual development in a consistent 

manner of the adjoining Trap Rock site, south of Indian Point.  

In addition to this recreational development, a parcel of approximately 14 acres at 
the northwest corner of the site has already been transferred by Con Edison to the Village of 
Buchanan. This property which is adjacent to Lent's Cove, is to be developed as a public 

marina.  

In addition, there exist 80 acres of wooded area in the northern part of the site which 
will be considered as a nature preserve. Picnic facilities, trails and other accommodations 
will be improved and expanded while otherwise maintaining the wooded area in its natural 

state. Con Edison is also considering providing facilities for nature study in th is area.  

The major recreational uses of the area surrounding this site are fishing, boating 
and the use of the various parks in the general vicinity. Neither these nor any other recrea
tional uses of the area will be foreclosed or impaired by the three-unit Indian Point* complex.  

2. 3. 1. 3 Historic Significance 

Extensive commerical and industrial development has proceeded over the years and 
exists in conjunction with the overall historic nature of the area. The specific location of 
Indian Point 2 is zoned for industrial use. Indian Point 1 is already in operation on the site 
an d other industrial plants are located nearby. Accordingly, the construction of Indian Point 
2 did not involve the loss of a natural. or untouched area.  

With reference to specific sites, the National Park Service has established an Advisory 
Council on Historic Preservation which has prepared a national register of historic places.  
The closest such place to the Indian Point site is the Stony Point Battlefield Reservation on 
the west side of the Hudson River, approximately two miles from the plant. By letter dated 
October 10, 1968, addressed to the Director of Regulation of the Atomic Energy Commission,
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the Executive Secretary of the Advisory Council on Historic Preservation concluded that the 

probable effect upon the Stony Point Battlefield Reservation "cannot be judged to be sufficiently 

adverse to warrant Council comment." 

Accordingly, the addition of Unit No. 2 to the Indian Point site for the generation of 

electric energy by nuclear power does not result in any diminution or impairment of any of 

the historic resources of this area. (See Section 2. 1.3-a for a further discussion of the 

history of the Indian Point area.)
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2.3.2 WATER USE COMPATIBILITY

2.3.2.1 Physical, Chemical and Hydrological Characteristics Involved 

(See Sections 2. 1. 3 - c and 2. 1. 3 - k) 

2.3.2.2 Impact of Proposed Facility - Other or Future Uses 

Although the Hudson River is not used for any irrigation diversions in the 

Indian Point area, other water withdrawals are made from the river in order to serve 

municipal and industrial needs. The City-of New York's Chelsea Pumping Station is 

located on the east bank of the river approximately 22 miles upstream from the Indian 

Point site, measured along the centerline of the river. In addition, the Castle Point 

Veteran's Hospital has a relatively small intake approximately 20 miles upriver from 

the site. Neither intake is considered to be within the sphere of influence of the 

Indian Point site and the operation of the Indian Point Station will in no way affect 

these sources of water supply. This particular aspect is discussed in the following 

section.  

Industrial withdrawals from the river in the Indian Point site area are limited 

primarily to Standard Brands, Inc. and the Lovett Generating Station. A summary 

of the existing capacities of these industries, as well as drinking water intakes, and 

capacities are given in Table 2.3-1. In no way does the operation of the two nuclear 

units at Indian Point affect these additional uses of the Hudson River as a water 

resource.  

Within a 5-mile radius of the site only one municipal water supply utilizes 

ground water. Other wells are for industrial and commercial uses. As discussed 

earlier in this report, rock formations in the area and elevations of wells relative 

to the plant are such that accidental ground leakage or seepage percolating into the 

ground at the site will not reach these sources of ground water but will flow into the 

river.  

2.3.2.3 Impact of Proposed Facility - Present 

The flow past the Indian Point site is variable, as discussed in an earlier 

section. During peak tidal flow past the plant the total flow is about 80, 000, 000 gallons 

per minute approximately 80% of the time. This flow assures adequate dilution and
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TABLE 2.3-1 

DRINKING WATER AND INDUSTRIAL INTAKES* ON THE HUDSON RIVER

User 

Poughkeepsie 

Chelsea 

Castle Point Veteran's Hospital 

Standard Brands, Inc.  

Lovett Power Station

Location** 

+32 miles 

+21.5 miles 

+20.3 miles 

+1 miles 

-2 miles

Capacity (MGD) 

7.00 

100 

0.06 

23.04 

484. 7

*Industrial intakes limited to immediate Indian Point Site vicinity.  

*+ = miles above Indian Point, measured along centerline of river.  
- = miles below Indian Point, measured along centerline of river.
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complete mixing of the discharges from the site. With respect to water-utilization, 

Indian Point Units No. 1 and No. 2 circulate 1, 157, 000 gallons per minute when 

service water is included. The plant will use, therefore, approximately 1. 5% of the 

Hudson River Water, during peak flow, as it passes the Indian. Point site, a usage 

which will not interfere with multiple utilization of the river. No portion of the 

river water is intentionally evaporated as it passes through the facility. However, small 

amounts of river water are withdrawn and purified via the processes of evaporation and 

recondensation for use within the plant.
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2.3.3 HEAT DISSIPATION

2. 3.3. 1 Description of Condenser Cooling Water System 

Hudson River, water (approximately 1, 120, 000 gpm) is used for condenser cooling 

in the two (Unit No. 1 and Unit No. 2) Indian Point nuclear powered electric generating 

plants. The intake structure for each plant is located directly in front of its respective 

plant. The cooling water passes through the intake structure where it is screened of 

debris and is then delivered by the circulating water pumps to the condensers. After con

densing the steam, the cooling water is returned to the river via a common discharge 

canal at a sufficient distance from the intake structures to minimize recirculation effects.  

The circulating water system for Indian Point Unit No. 2 includes the piping and 

equipment necessary to insure a reliable flow of river water through the condensers.  

Components of this system are (a) the Trash Bar Screen and Traveling Screen System, 
(b) the Chlorination System, (c) the Circulating Water Pumps, (d) the Main Condensers, 

(e) the Discharge Canal Level Control Weir and (f) the Deicing -Pumps.  

'Approximately 840, 000 gallons of cooling water per minute will be drawn through 

the Unit No. .2 reinforced concrete intake structure for condenser cooling; 30, 000 gpm for 

service water cooling.  

The intake structure consists of six circulating water intake channels and one 

partitioned service water intake channel. Each intake channel is protected from foreign 

material by a trash bar screen. A trash rake is provided to clean the trash bar screens.  

The circulating water intakes each have stop log guiides and the service water intake has 

two sets of stop log guides. Every intake channel has one traveling screen except for one 

of the partitioned channels of the service water intake; this channel contains two fine mesh 

screens instead. A screen wash system is provided for cleaning of the traveling screens.  

The service water intake may also receive water from adjacent circulator intakes via 

by-pass gates. A .sodium hypochlorite system is available to treat the incoming river 

water.  

River water enters the intake channels normally at an elevation somewhere between 

the mean low and mean high river elevations of -110"~ and +21211 respectively. Any debris 

floating on the surface is prohibited from entering the channels by a concrete partition that
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extends down to the mean low level of -ito" elevation. The water then enters an area served 

by de-icing piping; this piping provides warm water in the winter months to prevent ice 

formation on the screens. The circulating water intakes are 13'411 wide; the service water 

intake varies in width, it is approximately 20' wide at the unpartitioned sections and 7' in 

the south channel and 8' wide in the north channel. The bottom of the structure is set at 

elevation -27' to permit full plant operation with minimum river level.  

The water now passes to the trash bar screens which are located just ahead of the 

stop log guides in each channel. The trash bar screen consists of fixed perpendicular 1/2 

inch by 3 inch bars on 3 1/2 inch centers. The bars extend the full height of the structure 

and collect large submerged debris. Debris collected at each trash bar screen is removed 

with the mobile trash rake. The device consists of a rake attached to a frame which slides 

up and down in channel guides, the guides are positioned for proper relationship between 

the rake and trash bar screen. The rake frame is attached by means of cables to the 

hoisting machinery mounted on the head frame. The rake travels at 30 feet per minute 

vertically and is provided with overload protection. The entire tras h rake can traverse 

the intake structure on rails and it can be positioned over any of the trash bar screens.  

Traversing is accomplished by a locally controlled motor with a switch reading "Forward

Reverse". Rake vertical movement is controlled with pushbuttons marked "Hoist-Lower".  
which must be held in to keep the rake in motion. When hoisting the rake an overtravel 

limit switch will cut out motion at a predetermined upper limit; when lowering the rake 

slacking of the cable indicates total travel. When the rake is in the upper position the 

trash is put into the trash trough and sluiced to the trash pit with Service Water. The 

trash pit free drains to the river and the dry trash is carted away.  

The Stop Log gates are retained by guides in the sides of the structure walls and 

are located between the trash bar screens and the traveling screens in each water intake 

channel. The service water channels are fitted with additional Stop Log gates. A gate 

consists of five (5) solid wooden sections fitted with a 5/8 inch chain sling attached to two 

points along the top; the slings are used for installing and removing the gates with a portable 

crane. The north service water intake channel normally has its Stop Log gates installed 

behind and ahead of the fixed fine screens. The water passes on the traveling screens after 

the Stop Log gates.
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The traveling screens filter out debris (3/811 square) which passes by the trash bar 

screens. When the debris collected by the screen is sufficient to cause a differential 

pressure of 8.3 inches of water across the screen a COR alarm is sounded and a man is 

sent to wash them. The washing process includes screen rotation. The screens are fitted 

with thermostatically controlled heaters to prevent ice formation in the operating mechanism 

in the winter; the heaters can also be manually controlled. A control for the heaters is local 

at each screen. The debris collected from these screens is collected in a trough and sluiced 

to the trash pit. The river water then passes to the individual pump suctions; the sodium 

hypochrolite is introduced at this point. In lieu of a traveling screen the north channel of 

the service water intake is fitted with a double set of fine fixed screens. The service water 

channels are also fitted with by-pass gates to allow water to enter from adjacent Circulator 

Water channels. These gates are normally closed and are opened by a high differential 

pressure across the service water traveling screen or the auto start signal of the emergency 

diesel generators. These gates provide an alternate water source if the service water intake 

channel was somehow blocked. The Intake Structure is designed to Class I Seismic Criteria 

to assure it remains functional and able to supply water to the Service Water pumps for 

accident operations.  

To improve the aesthetics of the Intake Structure a planter box is provided on the 

river side of the structure. The planter box is fitted with an irrigation system which is fed 

by the City Water System. Behind the planter box is a Screen Wall which serves to block 

the wind off the river and to block the view of equipment off the river.  

Chlorination System 

The sodium hypochlorite system is provided for an automatic programmed treatment 

for algae and slime-forming bacteria in the multiple circulating water and service water intake 

bays at the intake structure. Two pumps take suction from a common header supplied by 

both existing storage tanks in Unit No. 1. The solution is pumped from the tanks via a high 

or low range path through flow control valves to the inlet bays. A common header from the 

flow transmitters is used to carry the solution to the intake structure of Unit No. 2 or that 

of Unit No. 3. The high flow path supplies the circulating water pump inlet bays while the 

low range path serves the service water pump bays.  

Before the solution reaches the diffuser in the inlet bay a manual valve is available 

for isolation. The diffuser consists of a pipe containing a series of spaced holes inserted 
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into the inlet bay. For protection of the pumps recirculation is provided back to the storage 

tanks through an orificed line which allows a flow of 5 gpm.  

An automatic programmed control system is arranged to initiate a cycle once a day, 

or more frequently, if required. A cycle consists of slug treating the six circulating water 

intake bays in two groups of three, then the service water intake bay.  

Six (6) circulating water pumps deliver cooling water through individual, 84 inch pipes 

to the three main condensers. There are no pump discharge valves in this system and the 

pumps must be primed before they are started. This is accomplished by a condenser water 

box priming system consisting of two steam jet air ejectors which take suction from a dropout 

tank connected by piping to individual condenser outlet waterboxes. In addition, a discharge 

canal level control weir maintains the discharge canal level sufficiently high at all flow rates 

thus maximizing the siphon recovery and therefore minimizing circulating water pump horse

power. The weir will position itself automatically to maintain a predetermined water level 

set point regardless of variations in circulating water flow. The set point can be altered if 

necessary.  

Unit No. 2 has three main condensers each served by two circulating water pumps.  

Each pump discharges to one of the two inlet waterboxes on the condenser serviced. The 

condensers are of the straight flow design suited to the large quantity of water circulated 

and the seasonal and temperature variations (320F to 78 0F) found at Indian Point. Each 

condenser is located, directly underneath the low pressure turbine section which it serves.  

The normal mode of operation is to keep the two circulating water pumps serving 

each condenser in operation while the unit is on the line. However, it is possible to. stop 

one circulating water pump and dewater that half of the condenser for inspection purposes 

with the turbine generator continuing in operation. Downstream of the level control weir, 

there are two de-icing pumps which are isolated from the discharge canal by means of 

individual slide gates. The de-icing pumps may be put in service individually or in combina

tion to recirculate warm water in the discharge canal back to the intake structure whenever 

there is a possibility of ice forming at the trash bar screens. The de-icing pumps require 

priming in a manner similar to the circulating water pumps. There are two steam jet 

priming ejectors and a priming level tank located at the intake structure to prime the 

de-icing pump discharge pipes.
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Downstream of the de-icing pump slide gates, a special discharge canal returns the 

circulating water to the river.  

2.3.3.2 Diffuser Systems 

The combined cooling water flow from Indian Point Units No. 1 and 2 (about 1, 157, 000 

gpm including service water) will be discharged into the Hudson River utilizing the outfall 

structure designed with the aid of the modeling study discussed later herein.  

The actual outfall structure is approximately 270 ft. long. Heated water (temperature 

increase about 14. 90 F) will be discharged through twelve (12) ports, 4 ft. high by 15 ft. wide, 

spaced 20 ft. apart (center to center). The entire structure of ports is itself submerged to 

a depth of 18 ft. (center to surface) at mean low water. The ports described above will be 

equipped with adjustable gates such that the discharge velocity through each port will be a 

minimum of 10 fps for any combination of units in operation and river conditions.  

2.3.3.3 Environmental Impact of Condenser Cooling Water Facility 

There will be no environmental impact from. the structures used for once-through 

cooling of the types associated with certain alternate cooling systems (see Section 2.5), on 

agriculture, housing, roads, airports or other facilities.  

2.3.3.4 Spatial and Temporal Characteristics of Thermal Discharges 

Any discharge to a tidal estuary will be distributed through the estuary. Factors 

affecting this distribution include tidal amplitude and current, river geometry, salinity 

distribution, and fresh water discharge. Quirk, Lawler and Matusky Engineers (QLMI), 

and Alden Research Laboratories (Alden) have made extensive studies of the influence of 

these factors and have assisted Con Edison in the study of the transport of discharges in the 

river.  

(a) Quirk, Lawler and Matusky Engineers 

(i) Heat Dissipation Model 

QLM conducted Hudson River salinity dispersion studies for Con Edison in 1965, 

studies which included the construction of a mathematical model to predict temperature 

distributions at various tidal and salinity conditions, for the Indian Point thermal effluent.
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Northeastern Biologists, Inc. obtained field data used in the development of a mathematical 

model, performing temperature distribution measurements of the Hudson River in July, 1966 

and April, 1967. Measurements were taken at different tidal cycles while Indian Point 

Unit No. 1 was in operation.  

This resulted in a QLM report "Effect of Indian Point Cooling Water Discharge on 

Hudson River Temperature Distribution"t , dated January, 1968, a copy of which is appended 

to this report (see Appendix J).  

Mathematical analyses were developed to estimate the expected cross-sectional 

area-average temperature rise along the longitudinal axis of the river and the departure 

from this average at any point within the cross-section.  

The temperature distribution across the river cross-section was represented by 

two different mathematical expressions. These are "the exponential decay model" and 
"the reciprocal decay model". The "exponential decay model" represents temperature 

as an exponentially decreasing function of river cross-sectional area. The. "reciprocal 

decay model" represents temperature as being approximately inversely proportional to 

cross-sectional river area.  

At the time these models were derived, the New York State thermal criteria then 

proposed the dividing of the river's cross-section at any point along its length into a mixing 

zone and a passage zone. The mixing zone allowed dilution of the heated effluent with 

cooler water. No specific constraints were affixed to this zone except that it should not 

exceed 50%/ of the total cross-sectional area. The remaining portion of the cross-section 

is called the "passage zone", which provided a passageway for migratory fish and other 

aquatic life. The criteria for this zone included a maximum temperature of 860DF.  

The effect of the expected river temperature rise on river dissolved oxygen concen

tration was evaluated, and was not expected to cause any significant changes in the dissolved 

oxygen content of the water as it passes through the plant.  

In August, 1969, criteria governing thermal discharges were adopted effective 

immediately. The new regulations, discussed later in this report, differed from the criteria 

which had been proposed, and necessitated additional analyses by QLM. In particular, the
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criteria on water surface temperature required replacement of the planned surface discharge 

by a submerged outfall. A revised QLM report, dated February, 1969, reflected the changed 

circumstances and is also appended hereto (see Appendix K). Texas Instruments, Inc.  

conducted airborne infrared temperature surveys of the Hudson River in the Indian Point 

vicinity in October, 1967 and April, 1968. The surveys were undertaken to collect data for 

compilation of isothermal maps of the river surface and provide a verification of the 

mathematical model. The mathematical model was then adjusted to yield the observed 

values when operating at the Unit No. 1 heat load. The adjusted model showed that the area 

average temperature rise across the plane of discharge is between 50% and 75% of the values 

previously predicted. Also, temperature decay above and below the plane of discharge 

becomes much more rapid, resulting in a substantial reduction of the extent of temperature 

rises greater than 10 F. (This improved dilution and dispersion was attributed to salinity

induced circulation in the estuary.) 

Comparison of the values predicted by the unadjusted mathematical model for Unit 

No. 1 behavior with the field measurements are presented below: 

Area - Average Temperature Rise, OF 
Jnuly, 1966 April. 1967 

Location Measured Predicted Measured Predicted 

Across Plane of 
Discharge 0.20 0.25 0.09 0.17 

Across Plane 
800 Ft. Below 
Discharge 0.14 0.24 0.08 0.17 

Results obtained from operation of the Indian Point Hydraulic Model II at the Alden 

Research Laboratories* were employed to check and confirm the rapid heat dispersion as 

predicted by the adjusted mathematical model. Summer conditions constitute the critical 

biological condition, which consist of a sustained drought flow of 4000 cfs and a heat transfer 

coefficient of 135 BTU/sq. ft/day/°F.  

*A brief description of river modeling techniques is provided in Appendix L.
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(ii) Submerged Discharge Model

Hydraulic model studies conducted by Alden Research Laboratories showed that the 

14"F effluent channel temperature rise should be reduced markedly, before reaching the 

river's surface, by discharging the cooling water through a submerged discharge in order 

to maintain river surface temperatures below the new 90OF criterion. Model studies showed 

that rectangular ports located along the bottom of the West wall of the discharge canal 

would yield maximum surface temperatures substantially lower than the 90cF criterion.  

In October 1969, QLM prepared for Con Edison a report on "Effect of Submerged 

Discharge of Indian Point Cooling Water on Hudson River Temperature Distribution" (see 

Appendix M). This study consisted of the development of a mathematical model in three 

stages. The first stage was the mathematical development based on a consideration of the 

fluid mechanics of submerged jets. Secondly, a comparison was made between the 

theoretical model and observations of actual submerged jet behavior both in the Alden 

model* and in the Hudson River. The final section of the report is a prediction of effluent 

behavior at Indian Point.  

The mathematical model consists of a set of twelve simultaneous equations. It 

incorporates the effects of plant intake temperature, density and salinity; plant outfall 

temperature, density, salinity and flow; outfall geometry including port size, shape, edging, 

orientation, and submergence; and linear velocity (both runoff and tidal), tidal phase, and 

ambient temperature,, density, and salinity.  

The major assumptions made in the development of this model are that initial jet 

momentum, induced buoyancy, and entrained river flow and momentum are the controlling 

mechanisms and that drag forces and river boundaries, such as the river's bank, surface 

and bottom can be neglected.  

The computed results agree in general with measurements made in the undistorted 

hydraulic Outfall Model, and with measurements taken in the river in the vicinity of the 

submerged outfall of Orange and Rockland Utilities' Lovett Unit No. 4.  

*This refers to undistorted Outfall Model discussed later herein.
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The computed results showed that the submerged discharge would meet New York 

State thermal discharge criteria.  

(iii) Net Non-Tidal Effect Study 

QLM made an additional study which was reported in a document entitled "Influence 

of Hudson River Net Non-Tidal Flow on Temperature Distribution" and dated October, 1969, 

(see Appendix N) which confirmed the existence of the salinity-induced circulation in the 

estuary. The report shows that this salinity-induced circulation results in different speeds 

and times of tidal reversals nearer the river's bottom than in its surface layer.  

In order to obtain information to refine the mathematical model reported by QLM and 

the Alden undistorted Outfall Model, further work was undertaken. On October 1 and 7, 

1969 field surveys were carried out by Alden Research Laboratories to collect additional 

information on water velocities during ebb and flood conditions in various parts of the river.  

At the same time, the Raytheon Co. took temperature and salinity measurements. The 

Alden study was aided by the use of aerial photography carried out by Lockwood, Kessler 

and Bartlett, Inc.  

When flood tide conditions were surveyed on October 1, 1969, two interesting 

phenomena were observed. The turn of the tide occurred about one-half to three quarters 

of an hour earlier along the west bank of the river than at mid-river. It was also found that 

at mid-river the bottom water turned approximately one hour earlier than the surface water.  

The difference in turning time, therefore, seems to be attributable to momentum differences 

between the fast-moving mid-channel surface water and the slower moving bottom and bank 

waters. The maximum flood velocity at the down river section was approximately 1. 5 fps 

and a slightly higher velocity of 1. 8 fps was measured at the Grassy Point section where the 

river narrows.  

Salinity measurements taken later in the day showed that there was no significant 

density gradient. The salinity varied between 4 and 6 ppt. The specific weight with these 

conditions was between 62. 5 and 62. 6 lb. /cu. ft.,9 slightly higher than fresh water. During 

this survey, the water temperature was essentially constant over the depth, at about 70 0 F.
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When ebb conditions were surveyed on October 7, 1969, results showed that the 

bottom turned approximately one hour later than the surface current. This behavior was 

the opposite of that found with the flood condition and indicated that forces other than those 

due to inertia and pressure gradients governed the water motion during this phenomena.  

Salinity measurements revealed a pronounced density stratification. The specific weight 

varied between 62.5 and 62.9 lb. /cu. ft. The average water temperature was 68 0F with 

insignificant variation.  

Analysis of these salinity and current measurements showed that over a tidal 

cycle there is a net upstream movement of sea water in the lower layers and a net down

stream movement of fresher water in the upper layers of the Lower Hudson River. The 

surface of no net motion which separates the two layers usually occurs above mid-depth.  

These net movements are induced by density differences which exist on account of the 

vertical and longitudinal distribution of salinity. Such movements exist mainly in the saline 

portion of the estuary. This effect is called the net non-tidal flow or density-induced 

circulation.  

At Indian Point, the net non-tidal flow is present when the fresh water runoff in 

Lower Hudson is less than 20, 000 cfs. When tidally averaged, the effect is strongest when 

the salinity is the lowest.  

Field measurements showed that when the Lower Hudson fresh water runoff is 

about 7, 300 cfs, there is a seaward flow of about 22, 000 cfs at Indian Point in the upper 

layer, and an upstream flow of some 14,700 cfs in the lower layer.  

The net non-tidal flow concept reconciled the measured area-average temperature 

rise at Indian Point with the predicted area-average temperature rise at the Indian Point 

plane of discharge within 9% of the area-average temperature rise measured in July, 1966.  

(b) Alden Research Laboratories Studies 

Alden Research Laboratories has been modeling the hydraulics of effluents from 

Indian Point since 1964. These models simulate the geometry and hydrodynamics of both 

the tidal estuary and the thermal discharge. The river topography is modeled in concrete 

and tidal flow is controlled by synchronized weirs and gate valves at each end of the model.
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Modeled power plants include orifice flow meters and pumps and all models are enclosed 

in large sheds with monitored environments. The temperature measurements are made 

with either thermistor or thermocouple temperature sensors, located at critical locations 

such as the inlet and outlet sections of the model, and the intakes and discharges of the 

modeled plants. The sensors are also placed in various sections of the model to measure 

the temperature distribution and flow patterns of the warm water.  

Three models have been used to simulate various aspects of the Indian Point thermal 

discharge. In order of construction these are designated Model 1, Outfall Model, and' 

Model II.  

The first model (Model I) was constructed to study the recirculation problems of 

Indian Point Unit No. 1. This led to a discharge canal design which minimized the recircula

tion of heated discharge water.  

In the winter of 1967-68, a model (Model II) of the Hudson River simulating 9000 feet 

above and below Indian Point was constructed (see Appendix 0). The layout of Model n which 

was scaled 1:250 in horizontal dimensions and.1:60 in the vertical, is shown in Figure 2.3.4.  

It is vertically distorted so that viscous friction does not affect the flow patterns, while 

simulating a significant horizontal extent of the river.  

Prior to the initiation of the final testing of this model, the New York State Thermal 

Criteria were formulated. Because of these criteria, it was necessary to design and con

struct a submerged discharge to dilute the heated effluents from Indian Point in the river 

water. In order to optimize this design, a supplemental Outfall Model was constructed at 

Alden. The supplemental Model was undistorted, scaled 1:50, and simulated 900 feet along 

the east shore and 400 feet of the river's 4, 000 foot width.  

The plant parameters for which Alden tested outfalis were: (1) the plant flow and 

temperature rise for three units (Units No. 1, 2, and 3 operating at initial licensed 

power levels, water flow of 2.05 million gpm, 140OF temperature rise), (2) the total 

dynamic head available from the circulating water pumps, and (3) the property line and 

bulkhea d line of Con Edison.' During tests on the Outfall Model, the thermal criteria were 

modified and finalized by the State. These current criteria led to the outfall now under 

construction (Appendix 0). The predicted temperature distribution created by plant discharge
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through the outfall is presented in Figure 2. 3-5. The tide simulated in the test was 0. 4 fps 

steady ebbing flow. The expected dilution at the point where the plume reaches the surface 

was shown by this model to be approximately 1:2.  

A submerged discharge designed through the studies conducted in the Outfall Model 

was incorporated into Model II. These studies were conducted with assistance from QLM.  

Final tests with Model II were conducted with this submerged outfall. These tests simulated 

two unit plant operations and indicated that the transient thermal plume would comply with the 

thermal criteria. The QLM mathematical models reported in February and October 1969 

(Appendices K and M) also supported this conclusion.  

2.3.3.5 Thermal Standards and Water Quality Certification 

The detailed criteria adopted by New York State which cover thermal discharges 

into the Hudson River at Indian Point, classified as "an estuary", are as follows (6 NYCRR 

704. 1 (b) (4)): 

"The water temperature at the surface of an estuary shall 
not be raised to more than 90OF at any point further, at 
least 50 percent of the cross sectional area and/or 
volume of the estuary including a minimum of one third 
of the surface as measured from water edge to water 
edge at any stage of tide, shall not be raised to more 
than 40 F over the temperature that existed before the 
addition of heat of artificial origin or a maximum of 
830 F. whichever is less. However, during July through 
September if the water temperature at the surface of an 
estuary before the addition of heat of artificial origin is 
more than 83 0 F, an increase in temperature not to 
exceed 1. 5 OF, at any point of the estuarine passageway 
as delineated above, may be permitted." 

These detailed criteria effect the water quality standards of New York State. As discussed 

elsewhere in this report, Con Edison has developed a design for effluent discharge facilities 

ini order to assure compliance with these criteria.  

On December 7, 1970, in accordance with the requirements of Section 21-b of the 
Federal Water Pollution Control Act, the New York State Department of Environmental Con

servation issued 'a Certificate to the effect that the effluent to be discharged from Units No.  
1 and 2 will not contravene the applicable water quality standards.  

(See Section 2.2. 1 for a listing of Water Quality approvals.)
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2. 3. 3.6 Other States Affected 

Owing to its geographical location, Indian Point Unit No. 2 will have no effect on 

any of the surrounding states.

2. 3.3-15



2.3.4 CHEMICAL DISCHARGES

2. 3.4. 1 (1) Treatment Facilities 

The primary method of treatment of chemical effluents released from the Indian 
Point Generating Station is dilution with circulating water so that chemical concentrations 

are reduced to levels well below those acceptable for discharge. A complete discussion 

of radioactive waste treatment facilities will be found later in this report. (See Section 

2.3. 7. 1) 

(2) Releases During Normal Operations* 

Because the nature of chemidcal discharges from Unit No. 1 differs from Unit No. 2, 
and because of the use of a common discharge canal, any report on the environmental impact 
of Unit No. 2 with respect to chemical discharges must (a) identify separately the chemicals 
discharged from Unit No. 1 and (b) also report such discharges from Units No. 1 and 2.  
In order to more clearly delineate the environmental impact of Unit No. 2 with respect to 
chemical releases and for purposes of completeness, the combined estimated releases from 
Units No. 1 and 2 will be stated in brackets following the release estimates of Unit N?. 2, as 

appropriate.  

(a) Phosphate 

Trisodium and disodium phosphate are used in the secondary system to control steam 
generator pH as well as in combination with sodium hydroxide in the treatment of the house 
service boilers. Phosphate concentration (expressed as P04 ) for Unit No. 2 will not exceed 
250 ppm at any time nor 10 ppm on a sustained basis. The expected maximum flow rate is 
200 gpm and the expected sustained release (expressed as P0 4) is 24 [391 pounds per day.  

*Discussion of releases, usually referred to as occurring during evaporator breakdown, or 
on an intermittent basis, are included under this caption. Such releases should not be 
construed as occurring on any routine basis during normal operation. Moreover, at no 
time will discharge limits be exceeded.
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(b) Hydrazine

Hydrazine is used in the secondary system to control oxygen in the steam generators.  

The concentration of hydrazine will not exceed 2.0 ppm during normal operation. The cold 

shutdown concentration will not exceed 100 ppm. A discharge at 100 ppm is not expected 

during normal operation, but may occur once per year at the end of the refueling outage.  

The expected maximum flow rate is 200 gpm and the expected sustained release is 5 pounds 

per day during normal operation. Hydrazine is discharged approximately once per year 

from Unit No. 1 during the refueling outage. The maximum concentration at this time will 

not exceed 50 ppm at a discharge flow rate of 40 gpm. The maximum possible release rate 

would be 24 pounds per day.  

(c) Cyclohexylamine or Morpholine 

Cyclohexylamine or morpholine is used to adjust feedwater and steam pH. Concentra

tion of cyclohexylamine or morpholine in the blowdown will not exceed 5 ppm on a sustained 

basis. The expected maximum flow rate is 200 gpm and the expected sustained release of 

either amine is 12 [14.5] pounds per day. Cyclohexylamine is also used for similar 

reasons in Unit No. 1. The nuclear boilers are blown down continuously at a maximum rate 

of 40 gpm containing a maximum concentration of 5 ppm cyclohexylamine. The maximum 

sustained release rate would be 2.5 pounds per day.  

(d) Lithium Hydroxide 

Lithium hydroxide is used in the primary system for pH control. Waste water from 

this system is processed by the respective waste disposal systems prior to discharge. There 

can be lithium hydroxide present in the effluent from this system if the evaporator breaks 

down.  

Estimates of lithium hydroxide releases should be made under the assumption of an 

evaporator breakdown, or evaporator breakdowns occurring simultaneously in each of the two 

units. Under these conditions the maximum concentration expected would be 2.2 ppm (Li) 

with a maximum waste disposal flow rate of 25 gpm yielding a possible sustained release of 

2.5 [5.0] pounds per day.
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(e) Boric Acid

Boric acid is used in the primary system as a chemical shim at a maximum concentra

tion of 2000 ppm (as boron). Waste water from the primary system will be processed by the 

waste disposal system. In the event of an evaporator breakdown or simultaneous breakdown 

on two units, the maximum discharge concentration of boron would be 2000 ppm. The 

maximum waste disposal flow rate would be 25 gpm resulting in a maximum sustained release 

of 600 [1200] pounds per day.  

(f) Potassium Chromate 

Potassium chromate is used in the closed cooling water system as a corrosion 

inhibitor in Unit No. 2.  

Although no discharge of chromated cooling water is planned, some system leakage 

is assumed to occur leading to a maximum concentration of 100 ppm with a maximum 

discharge flow rate of 25 gpm. Under such conditions a maximum sustained release of 

30 pounds per day would result.  

(g) Sodium Hypochlorite 

Chlorination of the main condenser is performed with a 15% sodium hypochlorite 

solution at a rate of 5 gpm for approximately 1 hour, three times per week. The river 

water chlorine demand is approximately 1 ppm. One half of the condenser is chlorinated to 

a residual of 1.0 ppm. This insures that the discharge residual is less than 0.5 ppm and 

in all probability less than 0.1 ppm. Condensers for both units are not chlorinated 

simultaneously, therefore, these concentrations will not be exceeded.  

(h) Sodium Hydroxide 

Sodium Hydroxide is used during normal operation of the primary system demineralizers.  

Excess sodium hydroxide is drained to the waste disposal system where it is processed by 

the waste evaporator.  

Again assuming evaporator breakdowns, either individual or simultaneous, sodium 

hydroxide could be discharged at a maximum concentration of 5000 ppm and a maximum 

discharge flow rate of 25 gpm. The projected frequency of demineralizer regeneration is
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once every 4 to 7 days for 2 hours. Under these adverse conditions the maximum release 

rate is 12 pounds per day.  

With respect to Unit No. 1, sodium hydroxide is used for pH adjustment in the house 

service boilers and the make-up water evaporator. It is also used to regenerate the water 

treatment mixed bed ion exchangers. The house service boiler blowdown is not expected to 

exceed 200 ppm sodium hydroxide at a flow rate of 12.5 gpm. The evaporator blowdown is 

not to exceed 75 ppm at a flow rate of 6 gpm. The combined sustained release would be 36 

pounds per day. The regeneration of mixed bed ion exchangers is scheduled to occur once 

every 4 days. The caustic step has a duration of approximately 2 hours, one hour of which 

is neutralized with sulfuric acid. The maximum concentration would be 4%/ sodium hydroxide 

at 6 gpm, yielding a maximum total release of 120 pounds per day.  

(i) Sulfuric Acid 

Although no measurable releases of sulfuric acid are anticipated from Unit No. 2, 

sulfuric acid is used in the water treatment cation and mixed bed ion exchanger regenerations 

for Unit No. 1. These regenerations occur approximately every 4 days for a duration of 

1 hour. Although neutralized prior to discharge during mixed bed regeneration, the conc en

tration of sulfuric acid during cation regeneration is 3% at a flow rate of 30 gpm, thereby 

yielding a maximum release rate of 450 pounds per day.  

(j) Detergent 

"Colgate Low Foam" detergent is used in the plant laundry at a rate of 3 pounds per 

day with a discharge flow rate of 25 gpm for approximately 2 hours per day.  

(3) Comparison with Water Quality Standards 

In addition to the thermal standards previously discussed herein, New York State has 

water quality standards applicable to the Hudson River at Indian Point. This water body is 

classified as "Class SB"1 and a copy of the applicable criteria appears in Table 2.3-2.  

Although the regulation is phrased in terms of general criteria rather than specific 

numbers, Con Edison is proposing to meet certain discharge limits with respect to concentra

ti ons of various chemicals at the confluence with the Hudson River which it believes will
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TABLE 2.3-2

CLASS SB WATERS 

Best usage of waters. Bathing and any other usages except 
sheilfishing for market purposes.  

Quality Standards for Class SB Waters 

Items Specifications

1. Floating solids; settleable 
solids; oil; sludge deposits 

2. Garbage, cinders, ashes, oils, 
sludge or other refuse 

3. Sewage or waste effluents 

4. Dissolved oxygen 

5. Toxic wastes, deleterious 
substances, colored or other 
wastes or heated liquids

None attributable to sewage, industrial 
wastes or other wastes.  

None in any waters of the marine dis
trict as defined in State Conservation 
Law.  

None which are not effectively 
disinfected.  

Not less than 5. 0 parts per million, 

None alone or in combination with 
other substances or wastes in sufficient 
amounts or at such temperatures as to 
be injurious to edible fish or shellfish 
or the culture or propagation thereof, 
or which in any manner shall adversely 
affect the flavor, color, odor or sani
tary condition thereof; and otherwise 
none in sufficient amounts to make the 
waters unsafe or unsuitable for bathing 
or impair the waters for any other best 
usage as determined for the specific 
waters which are assigned to this 
class.
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satisfy the criteria (see Table 2.3-3). The basis for these limits was obtained in part from 

bioassay work performed by the Raytheon Company and New York University for Con Edison 

as discussed in the following section (4).  

All discharges will be subject to regulation by the New York State Department of 

Environmental Conservation pursuant to section 1230 of the Public Health Law. In addition, 
Con Edison will continue to conduct a continuous environmental monitoring program in the 

area of its Indian Point site.  

(4) Projected Effects on Biota 

The discharge limits with respect to concentrations of various chemicals at the confluence 

with the Hudson River (See Table 2.3-3) are based on a discharge flow of 100, 000 gpm as 

recommended by the New York State Department of Environmental Conservation. Since with 

both Indian Point Units No. 1 and 2 in operation, discharge flow will be in excess of 1, 000, 000 

gpm, Con Edison' s proposed limits are very conservative.  

Several other factors contribute to the conservative nature of the proposed limits: 

(1) It is extremely unlikely that the entire list of chemicals will be 

simultaneously discharged.  

(2) When acids and bases are simultaneously discharged they will neutralize 

the toxic effect of each other.  

(3) During the bioassay survey permissible concentrations were determined 

by 48 hour exposures while the actual exposure time 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 

empties from the canal into the river.  

Based on the results of the bioassays and a consideration of the method of discharge, 

Con Edison is confident that there will be no detrimental effects to aquatic life from the 

discharge of chemicals at Indian Point. Although only a few species of fish were bioassayed, 
experience indicates that the approach taken in establishing the discharge concentration limits 

and the method of discharge provides adequate protection for other forms of aquatic lif e.
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TABLE 2.3-3 

PROPOSED CONCENTRATION OF CHEICALS AT CONFLUENCE

Chemical 

Phosphate 

Hydrazine 

Cyclohexylamine 

Morpholine 

Lithium Hydroxide 

Boric Acid 

Potassium Chromate 

Residual Chlorine 

Sodium Hydroxide 

Sulfuric Acid 

Soda Ash 

Detergent

Concentration (ppm) 

1.54 

0.1 

0.1 

0.1 

0.01 

50 

0.05 (hexavalent chromium) 

0.5 

10 

10 

5 

1.0
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(5) Releases During Construction and Testing

During various construction and testing phases of Indian Point Unit No. 2 various 

non-routine releases of chemicals into the Hudson River will be required. At no time during 

this operation will the concentration at confluence with the Hudson River exceed the proposed 

limits discussed in Section 2.3.4.1(3).  

(a) Phosphate 

Trisodium and disodium phosphate are used in the secondary system to control steam 

generator pH. Phosphate concentration (expressed as P04) will not exceed 10 ppm on a sus

tained basis. Intermittent and/or continuous releases are planned during plant testing, as 

dictated by the steam generator chemistry. The maximum intermittent release concentration 

expected is 250 ppm. The expected maximum flow rate is 100 gpm and the expected 

sustained release (expressed as P0 4 ) is 12 pounds per day. The phosphate will be released 

with hydrazine and possibly morpholine or cyclohexylamine in the blowdown as described 

below.  

(b) Hydrazine 

Hydrazine is used in the secondary system to control oxygen in the steam generators.  

The concentration will not exceed 20 ppm on a sustained basis or 100 ppm on an intermittent 

basis. Releases will be dictated by the need for oxygen control. The expected maximum flow 

rate is 100 gpm and the expected sustained release is 24 pounds per day. As indicated, 

hydrazine will be combined with phosphate and cyclohexylamine or morpholine in the 

blowdown.  

Hydrazine is also used in the primary system to control oxygen. Should the conduct 

of the testing program cause the hydrazine to be retained in the primary system for too long 

a period of time, it might be required to discharge approximately 200, 000 gallons of solution 

containing hydrazine. The hydrazine concentrations would not exceed 100 ppm. This 

release would amount to approximately 170 pounds of hydrazine. The maximum discharge 

flow rate would be 300 gpm.  

(c) Lithium Hydroxide 

Lithium hydroxide is used in the primary system for pH control. If the need to dis

charge the previously mentioned batch of 200, 000 gallons arose, lithium hydroxide would
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also be released at a concentration of 10 ppm (as lithium), which would amount to 17 pounds 

of lithium. As before, the maximum discharge rate is 300 gpm.  

(d) Potassium Chromate 

Potassium chromate is used in the closed cooling systems as a corrosion inhibitor.  

These solutions will be discharged only on a contingency basis, and would involve about 

25, 000 gallons of solution containing a maximum of 94 pounds of chromium at a concentra

tion of 450 ppm. These batches would be discharged along with the 200, 000 gallons 

mentioned earlier such that the concentration in the combined stream would be approximately 

50 ppm chromium. It is proposed to discharge at a rate such that the diluted concentration 

at the confluence with the Hudson River would not exceed 0.05 ppm of hexavalent chromium.  

(e) Boric Acid 

Boric acid is used in the primary system as a chemical shim. Small quantities of 

boric acid are accumulated in the waste hold up system and discharged in the 200, 000 gallon 

batch discussed earlier for hydrazine and lithium. The boron in such a batch should not 

exceed 500 ppm or approximately 850 pounds of boron.  

In the course of completing the construction of the plant, the need to discharge the 

boric acid tanks might arise. These tanks hold about 12,000 gallons of a solution containing 

about 2.3 weight per cent boron, or approximately 2,300 pounds of boron. The boron 

release would be diluted in the refueling water storage tank to about 700 ppm and then 

discharged at flow rates not exceeding 300 gpm into the circulating water flow.  

(f) Sulfuric Acid 

Sulfuric acid is used to control pH in the flash evaporator. The flash evaporator 

distills river water for use as make-up for various systems and the concentrates are blown 

down to the discharge channel. The blowdown pH is between 7.0 and 8.5. The amount of 

H2SO4 stored near the flash evaporator is 600 gallons of concentrated (95%) H2 SO4 .  

Measurable amounts of H2 SO4 in the circulating water are not expected.  

(g) Sodium Hydroxide 

Sodium hydroxide is used in the primary system at the spray tank for system control 

and at the demineralizer for resin regeneration. It is also used in the waste disposal system

2.3.4-9



. for pH control at the waste evaporator. Although the caustic in the spray tank is not expected to be discharged to the river, such a need might arise. The waste distillate would be dis

charged at 2.5 gpm at a concentration of 10 ppm for a total of 0. 5 pounds per day of 

NaOH.  

(h) Sodium Hypochlorite 

Sodium hypochlorite is used to treat river water prior to use.  

See Section 2.2. 1 for listing of approvals.  

(6) Non-Radioactive Gaseous Discharges 

Indian Point Unit No. 2, like other nuclear power plants, will release no combustion 

products to the atmosphere as a result of reactor operation. It will, however, have two 
"package boilers'" fueled by #6 fuel oil (0. 37% sulphur), to produce auxiliary service steam 

for startup and service heating. The exhaust from these boilers will be discharged through 

the Unit No. 1 superheater stack. The amount of combustion products released per year 

resulting from the addition of these boilers will be insignificant. Estimated emissions are 

as follows: 

Estimated Millions of Pounds of Pollutants 
Per Year Based On 6500 Hour Operation Per 

Year with #6 Fuel Oil 

Unit No. 2 Package 
Item Boilers in Operation 

Particulates 0.015 

Sulfur Oxides 0.375 

Nitrogen Oxides 0.342 

Carbon Monoxide Negligible 

A permit has been obtained from the New York State Department of Health (now 

Department of Environmental Conservation) to construct these boilers at Indian Point.  

(See Appendix I).  

The planned reduction in the Unit No. 1 stack height will not lead to a significant 

* increase in ambient concentrations of emissions. This is evidenced by the following estimated

2. 3.4-10



instantaneous ground level concentrations at the point of maximum concentration under the 

worst atmospheric conditions based on the reduced stack height.  

Estimated Maximum Ground Level Concentration 
from Package Boilers (Distance: 1 Kin; Wind 

Speed: 2m/sec; Stability: Class "A") 

All Unit No. 2 Package 
Item Boilers in Operation 

Sulfur Oxides (ppm) 7. 6 x 10-3 

Nitrogen Oxides (ppm) 9.6 x 10-3 

Particulates (Micrograms/n 3 ) 0.88 

In terms of atmospheric emissions, the advantages of a nuclear unit, such as Unit 

No. 2, over a fossil-fired unit of equivalent size are considerable.. It should also be noted 

that the use of a nuclear generating unit, such as Unit No.. 2, may result in a reduction of 

air pollution considerably greater than the percentage of the system generator capacity 

which the unit represents. This is true for two reasons. First, the use of such units will 

permit the retirement of old and inefficient fossil-fired units located in heavily populated 

areas. Secondly, it is generally desirable to use the nuclear units for base load and 

fossil1-fired units (with their higher unit fuel costs) for peaking where possible, thus concen

trating idle time and operation at less than, capacity in the fossil-fired units.
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2.3.5 SANITARY WASTES

There are three sewage treatment facilities at the Indian Point site, a main sewage 

treatment plant and two auxiliary systems which service the Gate House and Observation 

Building, respectively.  

The main sewage treatment plant treats all of the sanitary wastes from the nuclear 

and conventional portions of the site with the exception of the Gate House and Observation 

Building. Raw sewage enters the plant via comminutors located in the Utility Tunnel, where 

all coarse sewage material is cut into small settleable solids. After passing into a 6'-0" 

ejector basin, the sewage is pumped into dual septic tanks by 300 gpm pumps located on the 

top of this basin. Either one or both of these septic tanks may be selected by the use of 

manually operated sliding gates which are located in a distribution box immediately ahead 

of the tanks.  

In the septic tanks, larger solids are removed and anaerobically decomposed; the 

process commonly referred to as sludge digestion. Sludge collected on the bottom of the 

septic tanks is removed when it reaches a depth of 1/4 of the tank. Liquid separated from 

the sewage flows into a collecting pit at the south end of the septic tanks and is pumped into 

a dosing tank by means of 100 gpm pumps located therein.  

Located in the dosing tanks are four siphons which alternately discharge the liquid 

sewage effluent to 45 foot square sand filter beds.  

Both the 300 gpm and 100 gpm pumps are equipped with mechanical alternators which 

alternate the operation of the pumps. In addition, the alternator will cause both 300 gpm and 

100 gpm pumps to operate simultaneously if the level in their respective pits rises too fast.  

After being discharged to the filter beds, the sewage effluent is filtered by passage 

through the sand in the beds. Below the beds are located underdrains whose normal function 

is to collect the filtered effluent and discharge it to the river. At the present time, however, 

the underdrains terminate at a capped header as the rate of percolation in the filter beds is 

so great that no underdrains are required. In the future, should the load on the plant exceed 

the percolation capacity of the filter beds to any great extent, the underdrains will be con

nected to an automated chlorination station and the chlorinated effluent discharged to the 

river.
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Separate sewage systems are provided for the sanitary wastes from the Gate House 

and Observation Building. The Gate House system is composed of a 512 gallon septic tank, 

a junction box and two 61-0O" diameter leaching pits. The sewage system which takes care of 

the sanitary waste from the Observation Building consists of a 545 gallon septic tank, a 

junction box and five 60 ft. long by 2 ft. wide absorption trenches.  

The design parameters utilized in the planning and construction of the overall sanitary 

waste system are summarized in Table 2.3-4. This data clearly indicates the adequacy of the 

sanitary waste system on the Indian Point site.
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TABLE 2.3-4 

SEWAGE DISPOSAL PLANT - INDIAN POINT GENERATING STATION

Type of Plant: 

Population: 

Average Daily Flow: 

Max. Cosign Hourly Flow: 

Total Sewage Flow: 

Elements of Plant: 

Sedimentation Tanks: 

Number of Units: 

Required Capacity: 

Filter Beds: 

Dosing Rate: 

Size of Bed:

Dosing Tank: 

Dimensions: 

Capacity: 

Siphon Flow (Max.): 

Discharge (avg): 

Cycle (Max Flow):

Intermittent Sand Filtration 

Normal = 100; During Boiler Outage = 200; 
Ultimate = 300 

30 gallons per person per day 

6.25 gallons per minute x 200% = 12.5 gpm 

3P gpd x 300 = 9000 gpd = 6.25 gal. per minute 

Comminutor, Plain Sedimentation Tanks, Dosing 
Tanks with Automatic Siphons, Sand Filter Beds 

Two 

1/2 day's flow = 4500 gallons per N. Y. State 
regulations . . each tank has a capacity of 
2250 gallons.  

50,000 gallons/day/acre (average flow) 

9,000 gpd 0.18 acres x 43,560 sq. ft.  
50,000 g/acre acre 

= 7, 840 sq. ft.  

Four square beds (45' x 45') = 8, 100 sq. ft.

11.0' x 11.0' 

Dose = 3" on one bed .". Capacity = 3800 gallons 

15.62 gpm 

572. 6 gpm 

4. 06 hours

2.3.5-3



2.3.6 BIOLOGICAL IMPACT 

2.3.6.1 (1) Species Identification 

The Hudson River Policy and Technical Committees (see Part 6c this section) 

identified the "key" fish species present in the Hudson River in the vicinity of the 

Indian Point station. They were tomcod (Microgadus tomcod), striped bass 

(Morone saxatilis), white perch (Morone americana), alewife (Alosa pseudoharengus), 

blueback herring (Alosa aestivalis) and American shad (Alosa sapidissima).  

Alewife was designated as one of the key fish species, because of its abundance 

and importance as a forage species. It is an anadromous species which enters the 

Hudson River in spring (March to June) to spawn. Spawning takes place upriver from 

the study area at water temperatures between 50 and 60 degrees F. It is a prolific 

spawner producing demersal, adhesive eggs. After spawning adults return to the 

ocean. The young remain in the river throughout the first summer of their lives and 

migrate to the ocean in late summer and autumn, where they mature for several years 

and then return to rivers to spawn.  

The alewife, like other herrings, is primarily a plankton feeder and schooling 

species found from South Carolina to Nova Scotia. It is of minor commercial importance in 

the Hudson River.  

Numerically, the alewife ranked third among the number of fish caught in surface 

trawls and in beach seines, comprising 11 percent of the former and 17 percent of the latter.  

In the bottom trawl collections, this species ranked fourth and comprised 9 percent of the 

fish caught.  

Young-of-the-year alewife were caught throughout the study area from June through 

November. After December this species was not found in any of the samples from Haver

straw Bay or upstream from Peekskill Bay, even though some were found in the vicinity of 

Indian Point.  

The blueback herring is closely related to the alewife and was also selected as a key 

species. It is anadromous, spawning upriver from the study area. The spawning run of the 

blueback herring begins later and lasts longer than the alewife. It spawns demersal and
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adhesive eggs at water temperatures between 70 and 756F. Adults return to the sea after 

spawning and young-of-the-year migrate to the sea in late summer and autumn.  

The blueback herring's geographic range spans the area between Florida and Nova 

Scotia. This species is generally a plankton feeder but also feeds on other small plants and 

animals. It is a schooling species and is probably an important forage fish in the Hudson 

River.  

Numerically, young-of-the-year blueback herring ranked second in surface trawl 

collections, fifth in beach seine samples and sixth in bottom trawls, comprising 18, 12 and 3 

percent of the fish caught, respectively. Since a third again as many blueback herring as 

alewife were caught in surface trawls compared with three times as many alewife as blue

back herring caught in bottom trawls, it is surmised that the blueback herring has a stronger 

preference for the surface waters than does the alewife. This suggestion is also supported 

by the distinctly higher percentage occurrence of the blueback herring in surface trawls 

(79 to 97 percent) versus bottom trawls (34 to 67 percent) during the months of August 

through November.  

Peak abundance of alewife occurred in August through September (bottom trawls) and 

those of the blueback herring occurred in October through November (surface and bottom 

trawls). The blueback herring declined markedly in abundance from November to December, 

but slightly less so than the alewife. Limited numbers of blueback herring remaining in the 

study area during December occurred in the area between upper Haverstraw Bay and Indian 

Point.  

The American shad was chosen as a key fish species because of its commercial value 

in the Hudson River. This anadromous species ascends rivers to spawn, mostly in tidal 

freshwater, from April to June. Eggs are demersal and non-adhesive. Adults may spawn 

more than once during their life time and return to sea after each spawning. The young 

remain in the river until autumn, then migrate to the ocean. Maturity is reached in three to 

four years at sea.  

Geographic range of the shad spans between Florida and the St. Lawrence River.  

This species is primarily a phytoplankton feeder, but also feeds on a variety of other plants 

and animals. Shad runs vary in magnitude from year to year in the Hudson and 1969 was
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classified as a good run. However, juvenile survival may have been reduced by heavy rain 

and freshwater run-off in August.  

Only a limited number of young-of-the-year shad were collected within the study area 

during June through December 1969.  

One hundred and five specimens were collected by beach seines during August through 

October. Bottom trawling produced 26 specimens and surface trawling only three. No 

specimens were collected during December and only one collected in a bottom trawl during 

July. Shad caught in bottom trawls were larger (72 to 145 mm) than those obtained by seining 

(62 to 96 mm). The data obtained are not sufficient to provide a basis for establishing trends 

at this time.  

Atlantic tomcod was chosen as a key species because of its abundance and possible 

importance in the overall food web. Its presence has been reported from Virginia to Canada, 

but it is not abundant south of New York. It is a coastal benthic species that spawns. de

mersal and adhesive eggs in estuaries. Spawning occurs in the Hudson River from December 

through February; adults and young are found in the river throughout the year.  

Tomcod feed on a variety of organisms including small crustaceans, especially shrimp 

and amphipods, worms, small mollusks, squids and small fishes. Tomcod has no apparent 

commercial value-in the Hudson River and only few are caught by sport fishermen.  

Tomcod comprised 10 percent of the bottom fish samples with a definite preference 

for the deep water channel areas. They appeared rarely in surface trawls (1 to 3 specimens 

in 4 tows) and only a few specimens were collected in the beach seines during November and 

December. This latter occurrence may be related to the overall decrease in river temper

ature and/or preliminary spawning activity.  

Seasonal trends in the average number of tomcod caught in bottom trawls indicate that 

high concentrations generally occurred during July and August in the channel stations. These 

high concentrations show an apparent down-river shift from the vicinity of Iona Island to 

Haverstraw Bay in October. Higher concentrations in the shoal areas occurred during 

November through December. Tomcod appeared only in 58 percent of -bottom trawls in 

August but occurred in all bottom trawl samples during November and December. The wider 

dispersion of tomcod in the late fall may be related to spawning activity.
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Striped bass was chosen as a key species because of its value as a sport and com

mercial fish. It ascends rivers in the spring to spawn and its general georgraphic range is 

from northern Florida to New Brunswick, Canada. Spawning occurs in the Hudson River 

from May to June in fresh to slightly brackish waters. Eggs are demersal to semibuoyant, 

non-adhesive and are spawned when water temperatures are between 58 and 670F. After 

spawning, some adults return to sea and others remain in the lower Hudson River during 

winter. Young striped bass in the Hudson River may remain in the estuary for two to three 

years before migrating to the sea.  

Striped bass comprised 10 percent of the bottom trawl samples and ranked third in 

number caught. It was an important species in the shore population, comprising 22 percent 

of the beach seine collections and occurred rarely in surface trawls.  

This species shows a definite preference for the bottom waters in shoal areas. Only 

small numbers were collected in the bottom trawls in the channel north of Stony Point whereas 

large numbers were caught in Haverstraw Bay and in shoal area at Peekskill Bay. Striped 

bass occurred in 63 to 90 percent of all bottom trawl collections during the summer and fall 

in 1969. Except for July (60 percent) and December (42 percent), this species occurred in 

90 to 99 percent of all beach seine samples.  

A high concentration of striped bass in bottom trawls was observed during the warm 

months (July through October) with a general decline occurring in November through Decem

ber. In the seine collections, high numbers were noted in October through November 

samples. This species became ubiquitous in the bottom and shore populations in October 

when it occurred in 90 percent of the bottom trawl collections and 99 percent of the seine 

samples.  

The white perch was chosen as a key species because of its abundance in the Indian 

Point area. It is found in fresh, brackish and coastal saltwater between South Carolina and 

Nova Scotia. Spawning of demersal and adhesive eggs occurs in fresh and brackish water 

from April to June, depending on geographic location, and at water temperatures between 45 

and 60 0F. Young and adults reside in fresh or brackish waters. They are widely distributed 

except in winter when they aggregate in the deeper parts of rivers where they remain sluggish 

until spring. This species feeds on invertebrates and small fishes.
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White perch was one of most abundant species in the lower Hudson River and was 

found throughout the year in all life stages. Numerically, it ranked second only to bay 

anchovy in the bottom trawl collections and second only to striped bass in the seines; com

prising 13 percent of the former and 19 percent of the latter. This species occurred rarely 

in surface trawl samples.  

White perch, like the striped bass, are widely distributed in shoal areas. However, 

comparisons of the average percentage occurrence in bottom trawls and beach seines indi

cated that the white perch as opposed to the striped bass tend to aggregate in the river 

shoals rather than the near shore areas.  

White perch in the bottom trawls exhibited moderate concentration in the warm months 

(July through September) and generally higher concentrations from October through Decem

ber. This trend was reversed for striped bass. Like the striped bass, the peak numbers 

of white perch in the seine collections were recorded during October through November. In 

December, the white perch showed a more rapid disappearance from the shore populations 

than did the striped bass. (For further discussion see Appendices P, Q and R).  

(2) Importance of Locale 

The Hudson River, upstream and downstream, from Indian Point, is used by migrating 

and resident fish species for spawning and as a nursery area. Based on the data which have 

been collected, Con Edison believes that the operation of Unit No.* 2 will not have an adverse 

effect on the Hudson River Fishery. Of the six key fish species chosen by the Hudson River 

Policy Committee to be investigated and be used as ecological indicators, four (alewife, 

blueback herring, striped bass and American shad) spawn upriver from Indian Point.  

Therefore, their eggs and larvae are not vulnerable to the intake and thermal plume at 

Indian Point. The white perch and tomcod may spawn in the Indian Point area during spring 

and winter, respectively. Studies are presently being conducted at Indian Point to assess the 

degree to which fish eggs and larvae might be affected by the circulation of cooling water 

through the plant. These studies are not yet completed. However, preliminary results of 

sampling during the tomcod spawning period indicated no tomcod eggs or larvae passed 

through the plant. White perch spawn in May and the study will incorporate sampling at 

that time of the year.
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Young-of-the-year alewife, blueback herring, tomcod, striped bass and white perch 

use the Hudson River including the Indian Point area as a nursery ground. In this connection, 

the survival rate of phytoplankton and zooplankton (forage for young-of-the-year fish) through 

the condensers is being investigated. Due to the rapid natural reproductive rate of these 

aquatic organisms, however, the operation of Unit No. 2 is not expected to affect the lower 

trophic level, which the young fishes utilize.  

(3) Temporal and Spatial Changes Due to Heated Discharges 

The thermal discharge from Unit No. 2 will be added to the common discharge for 

Unit No. 1. Model studies* have indicated that the plume from such combined discharge will 

not extend more than 2,500 feet across the river from Indian Point. It would appear, there

fore that migration of fishes in the vicinity of Indian Point Station will not be affected by a 

thermal barrier as a result of the combined discharge.  

As discussed in Section 2.3.3.4, these thermal discharges will result in a temperature 

distribution in the Hudson River within the surface temperature limits established by the New 

York State Criteria Governing Heated Discharges. Moreover, the actual temperature dis

tribution with Units 1 and 2 in operation will be below these limits most of the time. There

fore, it can be stated that thermal discharges will not adversely effect the aquatic environ

ment. It may also be added that the sphere of influence of this thermal discharge is small 

as compared to the extent of the river in the vicinity of Indian Point and therefore, effects 

on biota, if any, will be local.  

Water temperatures at the intake of Unit No. 1 were monitored by an Automated En

vironmental System (AES). The discharge temperatures were monitored by thermocouples 

located at four stations in the discharge area (thermocouples at four depths per station).  

All thermal measurements were recorded continuously at an interval of 30 minutes (see 

Section 2.3.6.3).  

(4) Effect of Passage Through Condensers 

Various life stages of fishes and phyto-and zooplankton are the types of organisms 

which will be carried by the cooling water flow into the intake structure. The planktonic 

* Alden Research Laboratories Model II
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organisms, including fish eggs and larvae, are non-screenable and will be carried through 

the intake pumps and condensers of the plant.  

In November 1970, New York University Institute of Environmental Medicine was 

contracted by Con Edison to perform studies on the effect on passing aquatic organisms 

through the condenser. These studies are being done at Unit No. 1 located at Indian Point.  

Preliminary data indicates that the entrained invertebrate organisms can withstand an in

stantaneous temperature increase of 32 OF in winter without a high mortality rate and such 

temperatures will not exist with Units No. 1 and 2 operating. Two consecutive years of 

such investigation are envisaged. Studies will also be conducted on non-screenable 

organisms passing through the condenser of Unit No. 2 which is scheduled to go into 

operation in 1972.  

Scope of this work includes studies on survival, extent of mechanical damage, 

thermal shock tolerance and effects on reproductive potential of entrained organisms. Effect 

on the productivity of the entrained phytoplankton is also under investigation. Consideration 

is being given to such aspects as recycling of already exposed organisms to, the condenser 

passage, time required for passage through the condensers, exposure in the discharge 

canal and reproduction rates of organisms in the ambient water.  

It is expected that the results obtained by these field and laboratory studies will assist 

in the evaluation of any effects on the organisms in question,, and in the determination of the 

most effective combinations of cooling water volume and temperature which would be con

sistent with operation of the station and minimization of its environmental impact.  

(5) Implications on the Environment of the Withdrawal and Return of Cooling 

Water 

The cooling water intake at Indian Point. Unit No. 2 will withdraw a maximum of 

855, 000 gpm of water from the Hudson River, which is approximately 1. 0% of the average 

annual tidal flow of the river.  

The return of the water at Indian Point will be at approximately the same level as its 

withdrawal. The biological oxygen demand (BOD) will not be changed by the operation of Unit. 2.  

Scouring at the Unit No. 2 intake and at the combined discharge will occur over a 

small area. Scouring has occurred at other power plants but only in a relatively small area.  
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We estimate that the species diversity and/or biomass of benthic organisms will change at 

the intake and discharge. These changes are very localized and their deleterious or bene

ficial effects on the ecosystems will be incrementally insignificant.  

(6) Ecological Studies 

(a) Physical and Chemical Data 

The modified Winkler Method was used to measure dissolved oxygen at the surface, 

mid-depth and bottom at all sampling stations. A salinometer was used to measure the 

salinity at the same stations and depths. The AES unit monitored both of these parameters 

as well as pH at the intake and discharge, and tide stage and cupric ion concentration only at 

the discharge, with the same frequency as it monitored the temperature, 

A temperature profile was recorded by a bathythermograph at each sampling station 

during each sampling period. Temperature and salinity were also recorded at the surface, 

mid-water and bottom with a salinometer. The bathythermograph was used in conjunction 

with overflight surface temperature surveys utilizing an airborne-infrared radiometer to 

determine the morphology of thermal plumes during different seasons.  

(b) Biological Data 

Fishes were collected from Croton Point to the Bear Mountain Bridge by sampling 

bottom, mid-water, surface, shoal and shoreline areas with seines, traps, trawls or gill 

nets. Pertinent biological data, such as weight, total length, etc., were collected for 

certain "key" species.  

Community overlap indices were calculated to determine the seasonal distribution of 

fishes in the study area. Species diversity indices .were also calculated per sampling station 

per month for each sampling gear. These indices were utilized to indicate seasonal varia

tions in fish communities and provide useful baseline data on the ecosystem.  

Plankton samples were also collected at surface, mid-depth and bottom at all fish 

trawling stations. Fish larvae for key species were separated into species and life stages.  

These data were used in calculating seasonal distribution of fish larvae in order to assess 

the influence of the plant intake. Benthic samples were taken at all fish trawling stations and 

the relative abundance per station per month for a given species was calculated.
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(c) Assurance of Adequate Ecological Studies

In order to assure the adequacy of all ecological studies conducted by Con Edison, the 

studies are directed by the Hudson River Policy and Technical Committees. Each of these 

committees consists of representatives from New York State Department of Environmental 

Conservation, New Jersey Division of Fish and Game, National Marine Fisheries Service 

(formerly the U. S. Bureau of Commercial Fisheries) and the U. S. Bureau of Sport Fish

eries and Wildlife. In addition, representatives from the Connecticut State Board of Fisheries 

and Game participate as advisors in all Policy Committee meetings. The committees outline 

and supervise the studies and insure that they are performed in a professional manner. The 

committees present their conclusions and recommendations to Con Edison.  

In addition to the Hudson River Policy and Technical Committees, Con Edison has 

organized a Fish Advisory Board consisting of expert biologists and engineers from the 

United States and Great Britain. The Board consists of: 

1. Dr. Merril Eisenbud (Chairman), Director, Institute of Environmental 

Medicine, New York University, New York.  

2. Dr. Gerald Lauer (Scientific Secretary), Assistant Director, Institute 

of Environmental Medicine, New York University, New York.  

3. Dr. Gwyneth Howells (Member), Ecological Consultant 

4. Dr. Edward Raney (Member), Ichthyological Associates, Inc.  

5. Mr. Herbert IRiesbol (Member), Bechtel Associates, San Francisco.  

6. Mr. Albert Hall (Non-Voting Member), New York State Department of 

Environmental Conservation.  

2.3. 6.2 Further Ecological Studies 

Extensive ecological studies conducted by Con Edison have been discussed in previous 

sections of this report. Additional studies are and will be donducted either as a continuation of
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previous work or investigations into new areas. * Some of the future studies are dis

cussed below.  

Plans are in progress for a continuation of the study performed by the Raytheon 

Company during 1969-70 as a long term ecological study in the vicinity of Indian Point to 

assess any effects with respect to the operation of the station. These studies will be di

rected by the Hudson River Policy and Technical Committees and financed by Con Edison.  

This ecological work will investigate the interaction of plant operation with the biological 

environment of the river.  

The survey will include sampling macro and microplankton, fishes, benthic organ

isms and water chemistry, as a continuation of the work performed during 1969 and 1970.  

Con Edison proposes to continue the collection of such data until December 1975, with de

creasing sampling intensity from year to year. A discussion of some particular aspects 

follows.  

(a) Mapping Thermal Plume 

Thermal plumes were mapped by infrared aerial photography in conjunction with 

bathythermograph readings from boats during 1969 and 1970. Mapping will be done when 

Unit No. 2 goes on-line with tide stages, discharge gate configurations and seasons as 

variables. Mapping will also be done in 1974 when Unit No. 3 is expected to go on-line.  

(b) Entrainment Studies 

Entrainment studies will be continued at Unit No. 1 for two years and at Unit No. 2 

for one year. It is expected that a two year study will provide the data needed to determine 

the effect of passing non-screenable organisms through the plant.  

(c) Monitoring Screens 

Con Edison has been monitoring the traveling screen washings for impinged fishes 

since 1970. These data are necessary to determine the species composition being collected.  

This monitoring will be extended to Unit No. 2 when the unit begins commercial operation.  

• A measure of the extent of the studies which have been done may be had by reference to 
Appendix-T which contains a list of consultants utilized by Con Edison along with cumulative 
expenditures to date.
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(d) Food Habit Studies

Con Edison proposes that the food habits of five major fish species from the Indian 

Point area be investigated. These studies will enable a further evaluation of the position of 

white perch in the food web and its relationship, if any, to striped bass. Con Edison proposes 

to also investigate the food habits of the different size groups of each species.  

(e) Age and Growth 

A study will be undertaken to determine the age and growth of white perch and striped 

bass. This data will be used to further evaluate the population dynamics of these species in 

the Hudson River.  

This study will also supply pertinent data needed to estimate the natural mortality of 

each species. It is felt that such data would be of value in any meaningful assessment of the 

effect on the fish population of such other factors such as entrainment in the plant intake, as 

well as commercial and sport. exploitation.  

()Tagging Study 

Con Edison is also proposing that a tagging study be performed on white perch and 

striped bass at the Indian Point site. Population estimates, and movement patterns of these 

fish need to be studied by tagging and recapturing before an evaluation can be made on the 

effect of exploiting them at the intakes.  

The data from such a study will be useful in making population estimates and the re

captures will also supply data useful in determining movement patterns. This movement 

data, in turn, may be utilized to determine whether the plants are effecting a local popula

tion, a migrating population or populations that aggregate in the area only during winter, 

(g) Cold-Water Survival Study 

It is thought that fish kills at Indian Point during winter months are partly attri

butable to the lethargic condition of fish. A scientific evaluation of such a lethargic state 

and the extent to which it contributes to fish kills is proposed. No work has been done on 

response of white perch and other Hudson River fish species to near freezing temperatures.  

It is not unlikely that considerable mortality may be occurring under natural conditions and 

these dead fish may be collecting on the intake screens. It is therefore proposed that tests
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be conducted at near freezing temperatures (33A20 IF) to determine survival, swim speed 

and the scope of activity of white perch.  

2.3. 6.3 Environmental Monitoring Programs 

(1) Non-radiological Monitoring 

Monitoring programs have been utilized at the Indian Point s ite as early as 1958.  

These programs are of three general types. The first of these which utilizes the Automated 

Environmental System (AES),. concentrates primarily on the thermal, chemical and hydro

logical aspects of the environment. The second program deals exclusively with environmental 

monitoring related to radiological aspects of plant operation. In addition, many biological, 

hydrological and mechanical aspects of the environment are monitored in connection with 

studies being done for Con Edison by various consultants.  

The Automated Environmental System (AES) has been used since 1969 and continuously 

monitors temperature, dissolved oxygen and pH in water pumped directly from in front of 

the intake canal from a depth of 13 3/4 feet below mean low water. In addition, temperature, 

dissolved oxygen, pH, salinity and cupric ion are monitored in water pumped directly from 

the effluent canal from a depth of 5 1/2 feet below mean low water. Data from these eight 

probes are individually recorded every thirty minutes on a strip chart recorder. The AES 

unit also maintains a tide and temperature record of the Hudson River immediately surround

ing the Indian Point site. A general diagram showing site locations of electronic installations 

is given in Figure 2.3-6. From the time it was originally used until June 1970, the AES re

corded data at 10 minute intervals. In June, 1970 a mathematical analysis indicated that 

data recording at half hour intervals was ample. The half hour interval has been used since 

that time. A general description of the respective monitoring systems follows.  

(a) Tide Stage Height Instrument 

The AES Tide Stage Height Instrument is located beneath the pier in front of Unit No. 1 

(see Figure 2.3-6). A detailed view of the installation is given in Figure 2.3-7. The instru

ment records tide conditions continuously and was aligned using 1970 tide table information 

as a reference.
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Figure 2.3-6. Site locations of electronic installations.  
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(b) Thermal Chain Buoy Systems

The Thermal Buoy System consists of four buoys (in addition to influent and effluent 

thermal monitors) located at various distances upstream and downstream of the Indian Point 

site. General locations of these buoys are indicated in Figure 2.3-8 and a detailed diagram 

of the buoy is given in Figure 2. 3-9.  

(c) Water Chemistry 

Salinity, D.O., pH and Copper are also measured by the AES. The D.O. monitor 

utilizes a porous teflon membrane covered electrode, and is calibrated utilizing the Winkler 

Method. Calibration and membrane replacement is carried out at least once a week, or more 

frequently whenever a daily check shows unexpected values. Salinity and pH are determined 

by standard methods. Copper ion is monitored by a specific ion detector having a sensitivity 

of 0. 1 mg/liter, In addition to the above analyses other parameters such as chlorine, 

phosphate, etc. are monitored occasionally by plant chemists but are not strictly part of the 

AES system.  

Further information on the AES system can be obtained by referring to the Raytheon 

Reports appended to this report (Appendices P and Q). It should also be noted that the AES 

system is being used in connection with ecological studies being conducted at the site. At 

such a time when these studies are terminated, the AES Monitoring Program will also be 

terminated.  

(2) Radiological Monitoring 

Con Edison's radiological environmental monitoring program includes measure

ments of radioactivity in fresh water, river water, river sediments, fish aquatic vegetation, 

vegetation, soil and air in the vicinity of the Indian Point station. This program began with 

a survey instituted in 1958 (four years prior to operation of Unit No. 1) to determine the 

radioactivity in the environment in the vicinity of the Indian Point station. The purpose of 

this survey was to determine the natural background radioactivity and to show the variations 

in the activities that may be expected from natural sources, fallout from bomb tests, and 

other sources in the vicinity. The program has been continued to the present so that changes 

in the environment resulting from operation of Unit No. 1 could be accounted for, and will 

be continued throughout the operating lifetime of all three units.
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As a part of this program, rain is collected at the Indian Point station and at a point 

fifteen miles south of the station. This is a continuous collection which is sampled monthly 

and analyzed. Air samples are collected at four points on site by means of fixed-membrane 

filters followed by charcoal filters. Air collections are also made off site at selected points 

with similar equipment.  

Drinking water is sampled from nearby reservoirs. Hudson River water is sampled 

at the inlet to the Indian Point Plant and at the plant discharge canal. This is a continuous 

collection which is sampled and measured weekly. The lake on site, the Trap Rock Lake and 

other lakes in the vicinity are sampled monthly and measured for gross beta activity and trit

ium content. Two wells, one on site and one in Verplanck, are sampled monthly and also 

analyzed for gross beta activity and tritium content.  

Aquatic vegetation from the lake on site and other nearby lakes is sampled during the 

growing season and analyzed for gross beta activity, and a gamma spectrum is also run.  

Aquatic vegetation is collected from the Hudson River at points at the discharge canal, one

half, one and two miles downstream from the plant. This vegetation is analyzed in the 

same manner as the lake aquatic vegetation. Bottom sediment is taken from the Hudson River 

in the vicinity of the plant and at points one-half, one and two miles downstream. This sedi

ment is measured for gross beta activity and is also analyzed for gamma activity.  

River fish caught in the vicinity of the plant are measured for gross beta and a gamma 

spectrum analysis made. Land vegetation is sampled primarily in the downwind direction 

from the plant at points one-quarter, one-half, one and two miles south of the plant.  

The direct gamma background is, measured yearly along principal roads within a 

five -mile radius of the plant, at* approximately 0.10 mile intervals. Direct gamma monitor 

ing is made continuously at selected locations in Buchanan, Verplanck, Montrose, Peekskill 

and at a number of points on the site perimeter. This measurement is made with TLD's 

(thermo -luminescent -dosimeters) at 11 points on the site boundary.  

Gamma spectroscopy of drinking water, Hudson River water and lake water is 

routinely performed. Tritium (H3) measurements are currently made on samples of drinking 

water. The current environmental monitoring program at the Indian Point Station, together 

with sampling frequency, is set forth in more detail in Table 2.3-5. Sampling locations are
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0
TABLE - 2.3-5 

INDIAN POINT STATION ENVIRONMENTAL SURVEY 

(Sheet 1 of 3)

No. Media

Fallout

Sampling 
Type Frequenc: 

Continuous Monthly

Method of 
Collection

Open pot type 
collector

Locations

Point 1; 15 miles 
south of site of 
Eastview

Minimum Measurement 
Analysis Sensitivities Instrumentation

Gross beta 1 picocurie 
and tritium per liter for 

gross beta

Gas flow, win
dowless propor
tional counter 
for gross beta 

Nuclear Meas
urement Corpo
ration 

Type PC 3A 
Type PC 11A 
Type PC lIT

Remarks

Measurements made 
48 hours after collec
tion to allow for decay 
of radon-thoron 
daughters

3000 pico
curies per 
liter for 
tritium

2 Air Par
ticulate 
and 
Organic 
Iodide

Continuous 
at 1 CFM

Weekly Two fixed mem
brane filters 
(0.8 micron 
size) preceding 
a charcoal 
filter

-Points 1, 2, 3, 4 and 
5 and in addition off
site at points in 
Peekskill, Buchanan, 
Crugers and Spring
dale for one week 
periods consecutively

Gross beta 
and gamma 
spectrum

0.1 picocurie 
per cubic 
meter for 
gross beta 

2 picocuries 
per cubic 
meter for 
1-131

Same as 1 for 
gross beta

Measurements made 
soon after collection 
and 48 hours later 
to allow for decay 
of radon-thoron 
daughters

Gamma spectrum 
with 4" x 4 Nal 
crystal with 400 
channel analyzer 

Radiation Instru
ments Development 
Laboratories 
Model 3412 Gam
ma Spectrometer

3 Drinking 
Water 
Supplies 

4 Hudson 
River 
Water

Grab Monthly

Continuous Weekly

Points 7 and 8

Continuous flow 
regulated to fill 
2 gallon drums.  
Representative 
sample taken 
once a week and 
drums emptied

Hudson River inlet 
pipe into the plant, 
and at plant dis
charge canal, 
Points 9 and 10

Same as 1 

Same as 1 
and tritium 
on monthly 
composite

Same as 1 Same as 1

Same as 1 Same as I

Same as 1 

Same as 1



TABLE - 2.3-5 (Cont.) 
(Sheet 2 of 3) 

INDIAN POINT STATION ENVIRONMENTAL SURVEY

Media

5 Lake 
Water 

6 well 
Water

7 Lake 
Aquatic 
Vegetation

Grab 

Grab 

Grab

Sampllng 
Frequency 

Monthly 

Monthly 

once each 
in Spring, 
Summer 
and Fall

Method of 
Collection 

1 liter sample 
off-shore 

From deep-well 
PUMPS 

Along the take 
shore

Locations

Points 11, 12, and 13 

Points 6, 14 and 
Verplanck

Same as 5

Minimum Measurement 
Analysis Sensitivities Instrumentation 

Same as 1 Same as 1 Same as 1

Same as 1 Same as I 

Same as 2 3 picocurie 
per gram for 
gross beta

Same as 1 

Same as 2

Remarks

Same as 1 

Same as I

Dry weight for spec
trum soon after col
lection. Sample asked 
and counted 48 hours 
after collection for 
gross beta

8 Hudson 
River 
Vegetation

Grab Same as 7 Along river shore Points 10, 15, 16 and 
17. At mouth of dis
charge canal, Peekskill 
Bay, Tompkins Cove, 
off Verplanck and at 
Lovett Plant of Orange 
& Rockland Utilities

Same as 2 Same as 7 Same as 2

9 Hudson 
River Bot
tomn Sedi
ment 

10 Hudson 
River 
Fish

Grab

Catch

Same as 7

Monthly

Same as 8

Same as 8

Same as 8

Where available near 
site

Same as 2 Same as 7 Same as 2

Same as 2 Same as 7 Same as 2

Mud dried for both 
measurements

Sample ashed and 
counted 48 hours after 
collection for gross beta 
and gamma spectrum 
taken

11 Vegetation Grab

12 soil Grab

Same as 7 Grab samples 
with 100 ft

2 

area 

1 per year Grab samples 
2"1 in diameter 
by 2"1 deep

Points 6, 18, 19, 20 
and 2t

Same as 11

Same as 2 

Same as 2

Same as 7 Same as 2

Same as 7 Same as 2 Soil dried for spec
trum and measured 
soon after collection.  
Gross beta of dried 
soil made 48 hours 
after collection

Same as 7



0 
TABLE - 2.3-5 (Cont.) 

(Sheet 3 of 3) 

INDIAN POINT STATION ENVIRONMENTAL SURVEY

No. Media 

13 Direct 
Gamma

Spot Read
ings

Sampling 

Frequency 

Once a year

Method of 
Collection Locations

Along principal roads 
within a 5 mile radius 
of plant

Minimum Measurement 
Analysis Sensitivities Instrumentation

Gross gamma Minimum 
background sensitivity 

= 1jur/hr

Franklin Sys
tems Inc.  
Model 15-2

Remarks

Instrument readings 
in counts per minute 
measured at approx
imately 1/10 mile 
intervals. Readings 
converted to microrem 
per hour

15/14 Direct 
Gamma

Continuous Monthly Selected locations in 
Buchanan, Verplanck, 
Montrose, Peekskill, 
and at a number of 
points on-site at the 
plant perimeter

Same as 13 1 mr Victoreen 
Ionization 
Chamber Model 
239 
0-10 mr 

or 

Film badges 
or 

TLD-Thermo
luminescent 
dosimeters



indicated in Figure 2. 3-10. The sampling frequency will be increased with the initial opera

tion of Indian Point Unit No. 2, as described in the revised environmental monitoring survey 

program appended to this report (see Appendix U). AEC requirements for sampling and 

schedules are outlined in the Indian Point Unit No. 2 technical specifications section 4. 10 

(see Appendix U).  

The monitoring program supplies data supplementing the primary control at the source 

of the effluents, to insure compliance with the requirement of 10 CFR 20. The results of the 

program are reported to the AEC on a semi-annual basis. Reports containing the results of 

the surveys conducted thus far have been reported to the AEC under Docket No. 50-3. In 

addition, 10 CFR Part 20 provides for rapid reporting of any unusually high releases. The 

results of the monitoring program are also reported to the New York State Department of 

Environmental Conservation if the monthly discharges exceed certain levels.  

New York State through its Department of Environmental Conservation has been con

ducting its own monitoring programn in the vicinity of the site since 1958. In 1965 and 1966, 

the Department reported its findings in the vicinity of the Indian Point Station in two special 

reports which are appended to this report (see Appendices V. and W). Since that time its re

porting has been on a statewide basis in quarterly bulletins and in annual reports. Both Con 

Edison's and New York State's programs are geared to provide greater intensity of surveil

lance, as the need requires, in the event of significant increase in radioactive discharges.  

The New York University Institute of Environmental Medicine study described earlier 

in this report includes some radio- ecological work which also Yields useful information in the 

radiological area.  

2. 3. 6. 4 Fish Diversion 

In a power plant which has a condenser, the intake is commonly screened to prevent 

debris in the water from clogging the narrow (approximately 1 inch diameter) condenser 

tubes. Intake screening poses a hazard to fishes in that they may be carried by the cooling 

Water flow against the screen surface. Impingement on a screen occurs when the fish are 

physically or behaviorally unable to escape from the. flow. After making contact with the 

screen, fish are held there by the water pressure, and mortality occurs when fish are im

pinged on a screen for more than a few minutes. When the screens are cleaned, the high 

pressure cleaning spray imposes additional stress which causes additional mortalities.
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Unit No. 2 intake structure is located on the east bank of the river directly in front 

of the Unit No. 2 power plant. There are seven inlets flush with the river edge, six for the 

main circulating pumps and one partitioned for the service water pumps. Seven channels, 

separated by concrete walls, lead inland from the openings. Each channel contains a trash 

bar screen, a vertical fixed screen which may be removed for washing, a vertical traveling 

screen (except for one of the auxiliary service water pumps which serves as a backup and has 

two fixed fine mesh screens), provision for outer fish protective screens and associated 

equipment for cleaning of screens. Pumps are directly behind the traveling screens. The 

structure is designed to provide an intake water flow velocity approaching all of the screens 

of less than one foot per second. Construction of the intake is now substantially complete.  

The cooling water intake of Unit No. 1 has experienced problems with fish being im

pinged on the screens from time to time since it went into full operation in 1963. Effort has 

been expended both to determine why the problem exists and to solve it by design modific a

tions. Investigations indicate that chemical and radioactive discharges from the plant are 

not contributing factors in harming fish, nor are thermal discharges .(except to the extent 

that the warm water might attract fish to the area of the intake during winter months).  

Con Edison's Fish Task Force and a consultant Fish Advisory Board of eminent 

ichthyologists, hydrologists and engineers, have and will continue investigating the fish 

problems at Indian Point. During this investigation, the Board has held monthly meetings 

with the Fish Task Force and with other individuals and organizations outside of Con Edison 

and is providing advice to Con Edison on engineering and other a'spects related to fish pro

tection. The membership of this Board is in Section 2. 3. 6. 1(6c).  

The intake structure and screening of Unit No. 1 were modified a number of times 

to improve the protective devices and to enable fish to avoid the intake more easily. Because 

it was felt that warm water from Unit No. 1 discharge might be attracting fish, the outflow 

has been moved downstream on two occasions, and is now more than 950 feet from the 

centerline of the Unit No. 1 intake and more than 1200 feet from the centerline of the Unit 

No. 2. intake.I 

A detailed report on the fish protection problem at Unit No. 1 was filed with the Atomic 

Energy Commission on Novmeber 12, 1970 in connection with Con Edison's petition for the 

issuance of a full term operating license for that unit (Docket No. 50-3) (see Appendix S).
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Based on the experience and studies at Unit 1 several important changes are planned 

or have been made in the Unit No. 2 intake structure. Fixed fine screens have been installed 

across the openings of the intake channels to prevent fish from entering the intake bays and 

becoming trapped in front of the traveling screens. The fixed screens are of 3/8 in. square 

mesh and will screen fish larger than approximately 2 in total length. The minimum size of 

screenable fish is dependent upon the body shape of the individual fish.  

The fixed screens are being equipped with a spray wash system which will reduce 

cleaning time and thereby reduce the time that each forebay is unscreened.  

Bypass pipes are being installed on the discharge side of each of the main circulating 

water pumps so that water can be recirculated to the intake channels behind the outer fixed 

screens. Recirculation of pumped water will reduce the flow through the fixed screens and 

reduce the approach velocity. Tests of the effect of reduced intake velocity at Units No. 1 

and 2 have indicated that a substantial reduction in the number of fish impinged can be achieved 

when the flow is reduced to 60% of full flow.  

A 60% cooling water flow will permit full power from the plant when the ambient river 

temperature is less than 50 degrees F. The fish problem at Unit No. 1 has been most severe 

during the winter months; therefore, flow reduction during this time should produce .a signifi

cant reduction in the number of fish impinged on the screens. The recirculation system planned 

for Unit No. 2 will permit flow reduction over a wide range and will be installed before com

mercial start-up of the Unit.  

During periods of reduced flow operation (60% of full flow) the average approach velo

city to the fixed screens will be lowered from approximately 0. 85 ft/sec to approximately 

0. 5 ft/sec with Units No. 1 and 2 operating at 60% of full flow and with a 10% recirculation 

of condenser water at each unit (for de-icing screens). The discharge temperature will 

average 29. 5 degrees F above ambient. This temperature is within the allowable limits 

set forth in the Thermal Discharge Criteria of the New York State Water Quality Standards.  

Tests will be run on the above flow reduction procedure to confirm its effectiveness prior 

to commercial operation of Unit No. 2.  

Surveys of fish density made with an echo sounder revealed that fish are, concentrated 

in a hole in the riverbed that was excavated during construction of the Unit 2 intake structure.
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This hole is directly in front of the fixed fine screens and extends to a depth approximately 

15 ft. below the base of the screens. Prior to commercial start-up of Unit 2 this hole will be 

filled. It is suspected that the hole is an attraction to fish and that the density of fish in the 

immediate vicinity of the intake can be reduced by filling the hole.  

Prior to start up of Unit No. 2, two fish protection devices will be installed and tested.  

An air bubble curtain and water jet curtain will be installed over a portion of the intake and 

tested in comparison with the intake section lacking these devices. If either device proves 

effective at repelling fish, the effective device will be expanded to protect all intake channels.  

Unit No. 3, which is under construction at Indian Point, has an intake similar to Unit 

No. 2 exeept that the vertical traveling screens are located in the same position as the fixed 

screens at Unit No. 2. Con Edison has prepared a pump and traveling screen for testing at 

Unit No. 3 in advance of the construction schedule. During the winter of 1971-72, the number 

of fish collected at Unit No. 3 (traveling screen out front) will be compared with the number 

of fish collected at Unit No. 2 (fixed screen out front) to determine if a traveling screen 

provides more effective and efficient fish protection than a fixed screen. Should the results 

be in favor of the traveling screen, the traveling screens at Unit No. 2 will be relocated to 

the position of the fixed screens.  

During the previous 15 months, the number, species and size of fish being impinged 

on the Unit No. 1 screens have been monitored and this monitoring will continue at Unit No.  

2. The number of fish and species collected show great daily and seasonal variability. The 

majority of the fish collected are in the range of 2 to 4 in. total length and are principally 

white perch although the dominant species varies with season.  

When the fish problem of 1970 developed at Unit No. 1, it was assumed that the heated 

effluent from the plant was attracting fish to the area and the discharge canal extension was 

placed in operation. However, Unit No. 1 did not operate from late March 1970 to February 

8, 1971 (except for 1 day in May 1970) and; therefore, no thermal discharge was present.  

During this period the intake pumps were operated specifically for fish testing and the results 

indicated that a considerable number of fish are present in this area without a thermal 

discharge, 

A survey of fish density made with an echo sounder in July indicated that fish are 

very abundant in this section of the river. Although the thermal effluent may attract fish to
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the area it does not appear to be a major factor in the fish problem.

Based upon our operating experience and bilogical information presently available, 

we have every reason to believe that Indian Point No. 2 can be started up and operated at 

full load without any significant adverse effect on the aquatic biosphere. Nevertheless we 

are continuing our biological and engineering studies to best insure that should for any reason 

Unit No. 2 fish screens not perform as anticipated, we will be in the best possible position 

to ascertain what further action may be required and to be able to make it promptly.  

This continuing effort includes consideration of a new concept for a combined intake 

structure for Units 1, 2 and 3. This envisages a new screen structure built farther out from 

the shore (75' - 100') and thus further into the main longitudinal flow of the river (Figure 

2.3-11). The structure would screen water for all the units at Indian Point and would be 

designed to permit intake velocities through self -cleaning screens below 0. 5 feet per second 

during the colder parts of the year. The attached sketch (Figure 2.3-11) shows a plan of the 

concept. Its main advantages are believed to be that it will: (1) minimize recirculation 

effects to the intake from the discharge outfall thus further reducing thermal discharge ef

fects in the vicinity of the plant, (2) deny access under the unloading wharf to fish, thereby 

eliminating the probability that the wharf is acting as an attraction, (3) place the traveling 

screens out where the river's stronger currents can longitudinally wash the face of the 

screens, (4) achieve lower intake velocities and (5) provide other operational benefits not 

directly related to fish protection such as greater unit efficiency with reduced recirculation,, 

and removal of the existing eddying conditions which lead to greater accumulation of river 

debris in front of the individual units.  

Engineering design and associated research and development have already begun on 

this project. An order of magnitude estimate of the cost of this project is estimated at 

$ 12,9 000, 000. 00. Further biological studies and hydraulic modeling are scheduled to be 

performed to determine the effectiveness of this structure.  

In addition upon advice of the Fish Advisory Board, Con Edison contracted with 

Bechtel Associates to review and evaluate fish screening systems presently in operation in
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the United States and other countries.. This all inclusive review has greatly assisted the 

evaluation of the modified existing intakes and the new intake design.  

During the evaluation of the new intake concept outlined above, Con Edison has also 

been evaluating other engineering concepts. We have contracted with consultants that are 

associated with the development of the horizontal traveling screen and. fish lift basket and 

have given financial support for the development and testing of these fish protecting devices.  

Among other concepts which are being considered and evaluated is the possible construction 

of a fish hatchery to compensate for losses which may occur at the intake structure. Con 

Edison is prepared to construct such a hatchery should it be shown that this concept is sound 

from an ecological or other viewpoint. We are also continuing our biological studies, some 

of which are under the auspices of the Policy Committee for the Lower Hudson River Coopera

tive Fishery Study.  

In order to analyze the environmental effects of the fish impingement problem, it is 

necessary to consider the effects of fish kills on the Hudson River ecosystem. The fish 

impingement problem has been limited to small fish in the 2 to 4 inch range. It is known 

that such fish have a very high natural mortality rate. Accordingly, the number of mature 

fish removed from the river because of plant operations is very small.  

Furthermore, there is a good likelihood that there is no reduction in the number of 

adult fish. Every body of water necessarily has a limiting factor on fish population. Unless 

the limiting factor is the number of small fish, the exploitation of some of, the small fish 

would merely permit others to survive. Furthermore, a certain portion of the fish collected 

on the intake screens have either died of natural causes or are in such weakened physical state 

that their survival without impingement would have been unlikely. It is, however, impossible 

to state at this time how many are in this condition. Based on present knowledge of the popu

lation dynamics of fish, the impingement of fish on Indian Point screens in the numbers indi

cated in Section 2.3.6 would be ecologically of little importance on the Hudson River in the 

Indian Point area.  

Other biological studies in progress include entrainment, biological surveys, bioas

says, thermal sensitivity, fish swim speeds, fish avoidance and thermal effects. (See Sec

tion 2. 3.6. 2)
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All examinations have indicated that the standing crop of fish is relatively high in the 

Hudson River at the Indian Point area in spite of the past difficulties encountered at Indian 

Point. This is indicated by the reports of Raytheon Company (Appendices Q and R) and by 

recent fathometric studies conducted by the Company.  

The Fish Advisory Board is of the opinion that in light of present knowledge, the 

engineering program proposed by Con Edison and described in this section provides the best 

immediate approach to the fish problem at Unit No. 1 and the most promising long range 

solutions to these problems for all units at Indian Points.  

On the basis of the results of studies and investigations to date, the further environ

mental research to be performed and the design modifications planned, Con Edison is confi

dent that Unit No. 2 will operate with no significant adverse impact on the Hudson River 

Fishery.
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2.3.7 RADIOACTIVE DISCHARGES 

2.3 .7.1 Waste Treatment System 

(a) General 

Indian Point Unit No. 2 contains as part of original design, a number of facilities for 

the treatment and disposal of liquid, gaseous and solid radioactive wastes. In addition, a 

commitment has been made for added facilities to provide increased rad-waste treatment 

capability. The design of all these facilities plus developed operating procedures insure that 

releases during normal reactor operations and expected operational occurrences are well be

low 10C FR20 limits.  

All components of the liquid, gaseous and solid radioactive waste systems which con

tain significant radioactivity are located in the containment, or the Primary Auxiliary Build

ing, or in adjacent buildings especially designed for the systems. The atmosphere in the Prim

ary Auxiliary Building is continuously exhausted through filters to the plant vent and monitored 

to insure detection of any radioactive gases which might leak from any Itank in the Primary 

Auxiliary Building. The containment system has recirculating fans and filters which can be 

used to reduce the radioactivity in the containment air before this air is exhausted to the plant 

vent. Any radioactive liquids which leak or are spilled in either the containment or Primary 

Auxiliary Building are collected in drains and piped to the liquid waste system.  

In addition to the monitors provided on tanks and discharge lines, monitors are pro

vided in various areas throughout the plant to warn of leakage or spills and t o permidt appro

priate operator action.  

With all equipment operating as designed and with the maximum design amount of leak

ing fuel 1.0%, it is estimated that gaseous radioactivity released from Indian Point Unit No. 2 

will result in concentrations at approximately 2.6% of the concentrations allowed by 10C FR 

20 while liquid released will be less than 0. 1% of allowable concentrations. However actual 

site boundary doses are expected to be significantly lower than these estimates.  

(b) Gaseous Wastes 

The gas portion of the Waste Disposal System consists of two waste-gas compressor 

packages, four large and six small gas-decay tanks and a multipoint gas analyzer (refer to
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Figure 2.3-12). During plant operation some radioactive gases which may be dissolved in the 

water in various systems are removed, collected and pumped by compressors to decay tanks 

where they are held prior to release. Most of the gas processed by the Waste Disposal System 

during normal plant operation is cover gas from the holdup tanks in the Chemical and Volume 

Control System. Degassing of the reactor coolant is a major source of gas just before plant 

shutdown. All radioactive, oxygen-free waste gases vent directly to the vent header and from 

there go to the suction of the waste gas compressor. One of the two compressors operates 

continuously, with the second unit acting as backup for peak load operation. From the com

pressor, gas is sent to one of the four large tanks. The six small tanks are reserved for use 

during degassing of the reactor coolant and purging of the volume control tank. The control 

arrangement on the gas-decay tank inlet header allows the operator to place one large gas

decay tank in service and select another as standby. When the tank in service is filled to 

capacity, flow is automatically switched to the standby tank.  

Gas held in the decay tanks can either be returned to the Chemical and Volume Control 

System holdup tanks, or discharged to the atmosphere if the activity concentration is suitable 

for release. Generally, the last tank to receive gas will be the first tank emptied back to the 

holdup tanks to permit the maximum decay time before releasing gas to the environment. Pro

visions are also made for transferring gas between tanks.  

Before a tank can be emptied to the environment, its contents must be sampled and an

alyzed to verify sufficient decay and to provide a record of the activity to be released. Only 

then are the tank contents discharged to the plant vent at a controlled rate past radiation mon

itors in the vent.  

Gaseous releases are monitored at the plant vent in three different ways. Two air 

particulate monitors, one sampling the containment atmosphere and the other the plant vent, 

measure air particulate gamma activity. Each monitor can be used as a replacement for the 

other. Two radioactive gas monitors, one sampling the containment atmosphere and the other 

the plant vent, measure gaseous gamma radioactivity. Each monitor can be used as a replace

ment for the other. The plant vent gas monitor measures beta and gamma radiation passing 

through the plant vent to the atmosphere. This monitor, on high activity, automatically closes 

the gas release valve.
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During release, a trip valve in the discharge line is closed automatically by a high

activity-level indication in the plant vent. Section 3 .9 of the Technical Specifications requires 

that there be a minimum of 20 days holdup of gaseous waste in the gas decay tank prior to re

lease from the Indian Point Unit No. 2 vent (See Appendix -X).  

During operation, gas samples are drawn periodically from tanks discharging to the 

waste-gas-vent header as well as from the particular large gas decay tank being filled at the 

time, and automatically analyzed to determine their hydrogen and oxygen content. The hydro

gen analysis is for surveillance, since the concentration range will vary considerably from 

tank to tank. There should be no significant oxygen content in any of the tanks, and an alarm 

will warn the operator if any sample shows two percent by volume of oxygen or greater. This 

allows the operator time to isolate the tank before the combustible limit is reached. Another 

tank is placed in service and another standby tank selected while the operator locates and 

eliminates the source of oxygen. A radiation monitor in the gas analyzer sample line permits 

monitoring the activity inventory in the gas-decay tanks.  

Advantage is taken of both decay time in holdup tanks and a controlled elevated release.  

However, no credit is taken for elevated release and building wake dilution in calculating the 

allowable release rates. Thus, the actual concentrations at the worst point on the site bound

ary would be expected to be only about 1/2 of 100CFR20 limits even if the plant released radio

activity continuously at the allowable technical specification limits. The routine gaseous radio

activity releases from two plants operating at Indian Point will be from two different vents.  

The combined release of gaseous waste containing radioactivity from these two sources is 

limited by the Technical Specifications so that the instantaneous release rate will at no time 

be greater than that release rate which if maintained continuously would result in operation of 

the site at 100CFR20 limits. The gaseous releases of halogens and particulates with half-lives 

greater than eight days, are limited by the Technical Specifications to less than 1/700 of that 

which would result in 10OCFR20 concentrations at the site boundary. A diagram of the gaseous 

waste disposal system is given in Figure 2.3-12.  

(c) Liquid Wastes 

The bulk of the radioactive water discharged from the reactor coolant system is pro

cessed and retained inside the plant by the chemical and volume control system. This mini-
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W mizes liquid input to the waste disposal system which processes relatively small quantities 
of generally low activity level wastes.  

Radioactive water, which may leak from the reactor coolant system and other equip

ment, along with small amounts of other liquid wastes such as laboratory samples, is collec

ted in tanks where it is sampled and analyzed to determine the quantity of radioactivity present, 

with an isotopic breakdown if necessary.  

The waste holdup tank serves as the central collection point for liquid wastes. Figure 

2.3-13, a schematic of the Liquid Waste Disposal System, identifies the sources of radio

active liquid wastes and the details of how they are collected and processed.  

Since the fluid pumped by the reactor coolant drain pumps is of high quality and can be 

reused, the discharge of these pumps will normally be routed to the holdup tanks of the Chemni

cal and Volume Control System. If the fluid is considered unsuitable for reuse it will be sent 

to the waste holdup tank. The discharge from the reactor coolant drain pumps can also be 

* routed to the refueling water storage tank. This path will be used when pumping down the 

containment refueling canal. In the event the reactor coolant drain pumps are unavailable the 

contents of the reactor coolant drain tank or pressurizer relief tank may be dumped to the 

containment sump.  

The contents of the waste holdup tank are pumped to the waste evaporator package 

where the high activity solids are concentrated. These concentrates are then pumped to the 

drumming room for packaging. The waste evaporator package also provides a path for trans

ferring unwanted boric acid evaporator concentrates to the drumming room for disposal.  

Distillate produced by the waste evaporator, is collected in the waste condensate 

tanks. When a waste condensate tank is frull, it will be isolated, a second tank brought on 

stream, and the full tank pumped down through a polishing demineralizer. After sampling 

and monitoring to assure that releases are within IOCFR20 limits, the condensate is released 

under controlled conditions to the condenser circulating water discharge canal, The discharge 

lines are monitored and the activity recorded. If for any reason the effluent exceeds speci

fled levels, an automatic cutoff is provided as well as an alarm.
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The Blowdown Treatment Intertie between Indian Point Unit Nos. 1 and 2 will, when 

complete, provide for the purification of blowdown from the secondary side of the Unit No. 2 

steam generators. (See "Summary of Modifications") If leakage from primary to secondary 

liquid loops has resulted in some low activity being found in the blowdown, the blowdown is by

passed around the blowdown tank, and routed through the circuit shown in Figure 2.3-14, for 

purification.  

Ultimately, the blowdown is purified by filtration and passage through a demnineralizer 

to assure that only very low levels of activity remain before discharge to the river. Here 

again, monitor and alarm instrumentation are employed to assure flow diversion in the event 

that high activity is found.  

The limits on routine radwaste releases from the two units at the Indian Point site re

quire that the combined releases, both annual average and instantaneous, from the two units 

be within the average annual limits specified in 100FR2O. This requirement is stated in 

Section 3 .9 of the Technical Specifications for Indian Point Unit No. 2 (See Appendix X).  

Again this requirement for limits on instantaneous releases is more restrictive than 10CFR20 

limits.  

(d) Solid Wastes 

Solid wastes may be accumulated in several ways: resins which are used to purify 

plant water become radioactive through use; solid wastes are collected in the waste evapora

tors which are part of the liquid waste system; and solids such as rags and laboratory equip

ment may become contaminated. A drumming area is provided for the preparation of solid 

wastes for disposal off-site. Solid wastes are packaged in AEC approved containers and 

stored on-site for shipment to an off -site licensed burial ground.  

In order to replenish nuclear fuel inventories within the reactor cores, one-third of 

each core is removed and replaced with new fuel elements on an annual basis. The spent 

fuel elements are transferred to a special fuel handling pool where relatively short-lived 

fission products are allowed to decay. At the end of this decay period, these elements are 

removed from the site in specially constructed shipping casks which have been carefully de

signed and tested to meet all probable accident contingencies. The elements are shipped to 

an AEC licensed nuclear fuel reprocessing facility. (The facility which will reprocess fuel
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from Unit No. 2 has not yet been selected.) Depending on the size of the core region refueled, 

a corresponding number of shipments are made from the site. If shipment is by truck, ship

ments will usually consist of two elements per cask, one cask per shipment, with the total 

number of shipments per Unit accomplished within an eight week period. Table 2.3-6 provides 

a summary of core region replacement and the number of shipments expected per year.  

(e) Summary of Modifications.  

In order to ensure that the design objectives are realized, several modifications are 

being made to the radioactive waste processing systems in Indian Point Unit No. 2. Several 

of these represent mechanical modifications to basic plant equipment where leakage of fluid 

has been a problem on other plants. Specifically, modifications will be made to reciprocating 

charging pumps to collect leakage from these pumps and return it to the CVCS and secondly, 

a modified bellows seal assembly is being provided on the pressurizer spray valves to elim

inate the leakage being experienced from these components. Both of these items have been 

problems on existing plants and only as a result of recent testing and development has it been 

possible to incorporate these features in the Indian Point Unit No. 2 plant. These two specific 

modifications will reduce the amount of primary coolant leakage, the processing load on the 

evaporators, and consequently, the amount of activity being released.  

In addition, modifications will be made to the waste disposal evaporator and are pres

ently in design. These modifications are being made to improve the capacity and to achieve 

the decontamination factor as originally indicated in the equipment specification. These modi

fications are expected also to increase substantially the operability and consistent performance 

of the unit.  

As a back-up measure to reduce the release from the plant in the event the evaporator 

by itself does not produce a sufficiently high decontamination factor, a polishing demineralizer/ 

filter installation is being designed and will be procured for waste evaporator condensate 

cleanup. The function of these units will be to provide additional polishing to the distillate 

from the waste evaporator prior to discharge. The polishing demineralizers will provide an 

additional reduction in activity released from the plant and will be installed in the event the 

modifications to the evaporator do not provide sufficient reduction in activity release.
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TABLE - 2.3-6 

SPENT FUEL ELEMENT SHIPMENTS

Core Elements/Region Shipments/Year*

Indian Point Unit No. 1 

Indian Point Unit No. 2

* based on truck shipments with 2 elements per shipping cask.
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A charcoal filtration system will be installed in the plant vent to significantly reduce 

any gaseous releases of iodine, which might occur from containment purge or Primary Auxil

iary Building ventilation in the event of the existence of radioactive iodine in the primary cool

ant concurrent with primary leakage to containment or Primary Auxiliary Building atmosphere.  

An intertie will be provided between the Indian Point Unit No. 2 steam generator blow

down lines and the new Indian Point Unit No. 1 blowdown purification system. This intertie 

will serve to significantly reduce liquid releases in the event of steam generator leakage.  

2.3.7.2 Emission Inventory 

Although there has never been a PWR power plant identical to Indian Point No. 2 in 

operation, an estimate of liquid and gaseous radioactive releases based on the available op

erating experience of similar PWR power plants has been made.  

The following parameters were used in the calculation of Indian Point No. 2 estimated 

releases based upon similar PWR operating experience: 

0.5% failed fuel (this number is lower than the design value of 1% failed fuel but it rep

resents the worst PWR experience to date. In most cases failed fuel is considerably 

lower than 0.5%.) 

14.4 gpd primary to containment leak 

4 containment purges a year 

99% efficiency of vent charcoal filters 

20 gpd steam generator leak 

0.8 load factor 

2% blowdown operation 

10 - 1 partition factor of iodine in blowdown tank and steam generator 

10 - 4 partition factor of iodine in condenser 

7.5% percentage of H3 diffusing through the zircaloy cladding
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1-131 Gaseous Releases

(a) Containment purge releases 

Four assumed containment purges annually through charcoal filters (99% 1-131 removal 

efficiency), 0.5% failed fuel, and 14.4 gpd of primary coolant leaking to containment will re

sult in 4.77 x 10 - 4 curies of 1-131 released per year.  

(b) Blowdown Tank Vent Releases 

There will be 0. 027 curies of 1-131 released via the blowdown vent. This estimate as

sumes that: the 20,000 lbs/hour total steam generator blowdown rate is taking place 2% of 

the time; 0.5% failed fuel; 20 gpd steam generator leak: ,10 - 1 iodine partition factor in the 

blowdown tank and in the steam generator; 10 - 4 iodine partition factor in the condenser.  

(c) Air Ejector Releases 

Using the same iodine partition factors, as in the previous case, the assumed leak 

rates, and 0.5% failed fuel, 0.12 x 10 curies of 1-131will be released annually via the air 

ejectors.  

(d) PAB Releases 

Operating experience indicates that approximately 2.2 x 10 - 3 curies of 1-131 will be 

released per year from the primary auxiliary building after filtration through the charcoal filters 

filters with 99% iodine removal efficiency.  

Xe-133 

(a) Containment Purge Releases 

Four containment purges annually under the assumed conditions correspond to 175 

curies of Xe-133 being released per year.  

(b) Steam Generator Leakage 

Not more than 2,320 curies of Xe-133 will be released per year due to a 20 gpd steam 

generator leak under the assumed conditions.  

(c) Waste Gas System Releases 

About 2,270 curies of Xe-133 per year are released from the gas decay tank after 45 

days hold-up and under the assumed conditions.  
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Liquid Releases - Tritium

Operating experience indicates that not more than 7.5% tritium produced in the core 

diffuses through the zircaloy cladding, therefore only approximately 1060 curies of H3 are 

expected to be released annually. The estimates of liquid radioactive releases (Tables 2.3-7 

and 2.3-9) are based on 0.5% failed fuel and the proper functioning of the liquid waste disposal 

system, as described in Section 2.3. 7. 1.  

Under normal operating conditions, small quantities of liquid and gaseous radioactive 

wastes will be released from Indian Point Unit No. 2 to the atmosphere and in the cooling 

water discharged to the Hudson River by controlled processes following appropriate procedures 

for sampling, treatment, dilution and monitoring. These releases will be in compliance with 

the limits set forth in IOCFR20 and the plant's Technical Specifications. For the purpose of 

determining compliance with these regulations, Indian Point Nos. 1 and 2 will be treated as a 

single facility. The combined releases from these two units are expected to be far below the 

regulatory limits.  

Tables 2.3-7 and 2.3-8 contain estimates of the expected quantities of liquid and gase

ous effluents resulting from facility operation, which were based upon the maximum design 

amount of leaking fuel (1. 0%) and predicted performance of plant components and systems.  

Determination of the actual variance from these estimates will require operating experience.  

However, as discussed previously, an estimate has been made based upon similar PWR oper

ating experience. Since these estimates are so low, well below 100CFR20 limits, adequate 

margin exists to provide confidence that the discharges will be well within allowable limits.  

In addition, current PWR experience confirms that liquid discharges are small percentages 

of 10CFR20 limits. Tables 2.3-9 and 2.3-10 present an isotopic breakdown of estimated 

liquid and gaseous releases from Indian Point Unit No. 2, based upon this similar PWR opera

ting experience.  

The estimates given for combined releases take into account a reduction in the height 

of the Indian Point Unit No. 1L stack from elevation 470 feet above sea level to the elevation 390 
feet above sea level. The general terrain around the plant varies from approximately eleva

tion 15 feet to elevation 70 feet above sea level. This modification, which is subject to AEC 

approval, is being made as a result of Tornado Criteria recently applicable to the proposed 

Indian Point Unit No. 3.
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TABLE 2.3-7 

ESTIMATED LIQUID EFFLUENTS 

(Based Upon System Design) 

Indian Point Unit No. 2 Unit 1, and 2 combined (a) 

All Others Tritium All Others Tritium 

Curies/Year 0.0252 4238 0.621 4990 

Concentration 
(pCi/cc) (b) 0.000017 2.83 0.000079 4.08 

Fraction of MPC* 
(at Point of Discharge) 0.000015 0.00094 0.000054 0.0014 

(a) Indian Point Unit No. 1 Releases Averaged over 1967-1969 adjusted for new blowdown purification 
system effect and proper functioning of rad-waste system.  

1-12 
(b) 1 picocurie (pCi) = I x 10 Curies.  

With no leaking fuel, the estimated release will be approximately equivalent 
to that for tritium alone.

*MPC - Maximum Permissible Concentration as allowed by 10CFR20.



TABLE 2.3-8

ESTIMATED GASEOUS EFFLUENTS 

(Based Upon System Design)

Indian Point 
Unit No. 2

Units 1 and 2 
Combined (c)

Curies/Year 

Concentration 
(pCi/cc) (d) 

Fraction of MPC 
(at Site Boundary)

9850 

0.00781 

0.026

10026 

0.00781 

0.026

(c) With Indian Point Unit No. 1 Releases Averaged over 1967-1969.  
(d) 1 picocurie (pCi) = 1 x 10-12 Curies.
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TABLE 2.3-9

IP-2 ESTIMATED LIQUID RADIOACTIVITY RELEASE BY ISOTOPE 

(Based Upon Similar PWR Operating Experience)

ISOTOPE 

H 3 
Mn 54 
Mn 56 
Co 58 
Co 60 
Sr 89 
Sr 90 
Y 90 

Sr 91 
Y 91 
Y 92 
Mo 99 
I 131 
Te132 
I 132 
I 133 
I 134 
I 135 
Cs134 
Cs136 
Cs137 
Ba140 
La140 
Ce144

TOTAL (Tritium Excluded)

FRACTION OF MPC 

2.3x10
4 

6x10-
1 2 

1.8x10-i 0 

1.7.10 - 10 
6.6x10-9 
10-9 
10-9 
1. 4x10-11 
1.6x10-11 
2x10- 1 0 

1.85x10
-1 2 

8.5x10 -8 

6x10-6 
9x10-8 
7.5xl 0-9 

1.1x10-6 
1.25x10-1 0 

1.55x10-7 

2.75x1 0-8 
3.95x10- 1 0 

5. 5xl 0-8 
3.15x10-11 

2.95x10-11 

2.3x1 0-10

12.6x10
3 C .00000753
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ANNUAL RELEASE 
MICROCURIES 

1.06x109 

9.08x10-1 

1.94x10 1 

2.34x101 
2.99 
4.54 
2.23x10-1 
4.16x10 - 1 

1.19 
9.1 

1. 76x10 - 1 

4.96x10
3 

2.76x10
3 

2.8x10
2 

8. 8x10 
1.68x10

3 

3.81 
9. 4x10

2 

3.72x10
2 

3. 55x10 1 

1.59x10
3 

9.4x10-1 
8.75x10

-1 

3.42



TABLE 2.3-10 

IP-2 ESTIMATED GASEOUS RADIOACTIVITY RELEASE BY ISOTOPE 

(Based upon similar PWR Operating Experience)

ANNUAL RELEASE 
CURIES 

2650 

4750 

0.0297 

7400

FRACTION OF MPC 

0.007 

0.012 

2.35 x 10 - 6 

0.019
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Xe 133 

I 131



Based on the estimate presented above, the radiation levels to which a person continu

ously standing on the site boundary would be exposed as a result of plant operation are only a 

fraction of that normally received from background radiation.  

2.3.7.3 Pathways of Exposure to Man 

Releases from Indian Point Units No. 1 and 2 will be small in comparison to 10 CFR 20 

standards and will occur under controlled conditions. The two main pathways for radioactive 

releases are airborne to the atmosphere and liquid to the Hudson River. After a suitable decay 

period, airborne, wastes from Unit No. 2 will be released through special filtration systems to 

the plant vent located at the top of the containment structure. Liquid wastes will be released 

after processing to the cooling water discharge canal which enters directly into the Hudson 

River. In both cases, radioactivity detectors monitor all releases to insure that various pre

set limits are at no time exceeded. Should such an event occur, automatic shutoff valves are 

activated, thereby preventing excessive radioactive material from entering the environment.  

(a) Atmospheric Releases 

A gaseous waste hold up system designed for a 45 day hold up capability is provided 

for Unit No. 2. Therefore, when the waste is eventually released from the hold up system 

and after filtration it will consist almost entirely of the radioactive noble gases Kr-85 and 

Xe-133. Both are inert gases which diffuse readily in the atmosphere and are not subject to 

reconcentration mechanisms. Therefore, gaseous releases during normal operation will be 

inconsequential as a potential source of exposure to man.  

With both units in operation (assuming 1% leaking fuel and no steam generator leakage 

for Unit No. 2) the estimated yearly dose to an individual standing continuously at the site 

boundary under average meteorological conditions is less than 10 mrem. With respect to 

the natural background in the area surrounding the Indian Point site, which ranges from 110 

to 125 mrem per year, the added dose to any population group would be imperceptible.  

(b) Liquid Releases 

Liquid radioactive releases are controlled to insure that the isotope mixture in the 

water entering the Hudson River will be substantially below the concentration specified in 10 

CFR 20 as permissible for drinking water. This limitation will be maintained despite the
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fact that the Hudson River is not utilized as a source of drinking water at any point likely to 

be affected by plant releases.  

The only significant potential exposure to man from plant released radioisotopes may 

result from the reconcentration of long lived isotopes via the aquatic food chain. The best 

available data relating to the Hudson River aquatic food chain from which an accurate assess

ment of the degree of potential exposure can be obtained is provided in extensive studies by 

the New York University Medical Center's Institute of Environmental Medicine. These stud

ies have included an independent and large scale ecological research program which since 

1964 has examined the identity, abundance and distribution of natural, fallout and reactor 

produced radionuclides in the Hudson River estuarine environment. The study specifically 

evaluated radioactive releases from Indian Point Unit No. 1. As a result of these studies, 

the Institute concluded in a paper entitled "Manmade Radionuclides in the Hudson River 

Estuary," which is appended to this report (see Appendix-Y), that the most important radio

nuclides with respect to the exposure of man from such releases are Cs-134 and Cs-137.  

Although a number of radioisotopes are present and reconcentrated in the aquatic food chain, 

such as Mn-54 which is concentrated in bottom plants, the Cesium isotopes in the edible por

tion of fish are the primary source of man-made radiation due to consumption of fish from 

the Hudson River near Indian Point. The Institute also concluded that during 1969, Cs-137 

in fish from fallout would deliver a whole body dose of 0.01 mrem/year whereas releases of 

radioactivity resulted in radionuclide levels in fish which would deliver approximately 0.03 

mrem/year to the whole body, based on an average daily consumption of 30 grams of fish.  

These estimated dose levels are based on Unit No. 1 releases which averaged 4.0% of MPC 

levels for the year. An extrapolation of the estimated dose levels for hypothetical releases 

at 100% MPC indicates that a whole body dose of approximately 0.8 mrem per year would re

sult from consuming Hudson River fish collected near the outfall.  

With regard to this dose potential, it should be noted that the total combined radioactiv

ity releases from Units Nos. 1 and 2 will be reduced by several orders of magnitude as com

pared to the 1969 releases of Unit No. 1 alone due to the installation of the new blow-down 

purification system. Therefore, utilization of the new purification system will reduce the 

potential exposure to man from liquid releases still further.
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2o 3. 7.4 Effect of Radionuclides on Various Species

Radionuclides released to the environment due to the operation of both nuclear units 

at Indian Point will have no detectable effect on any species living in that environment because 

radionuclides are released in such minute quantities. For example, it has been shown that 

the maximum dose to lower organisms near the Indian Point outfall, as a result of operation 

of Indian Point No. 1, can be described by two cases, (1) the dose from the rooted aquatic plant, 

Potomogeton, (which is known to concentrate manganese) and (2) the dose to a small benthic 

organism submerged in the sediments near the outfall. In 1969 the dose to Potomogeton would 

would have been 0. 7 mrem/year and the dose to the benthic organism would have been 120 

mrem/year. Doses of this magnitude are of no ecological significance.  

2.3.7.5 Abnormal Operating Conditions 

Great attention has been devoted in the design and construction of Indian Point Unit 

Nos. 1 and 2 by Con Edison and its contractors, as well as by the Atomic Energy Commission, 

to the prevention of accidental releases of radioactive materials to the environment.. Much 

of the cost and design effort of these units is devoted to structures and equipment for the pre

vention of accidents and the limiting of the consequences of an accident should one occur.  

Numerous postulated equipment failures, expected operational incidents and operator errors 

have been analyzed to assure that health and safety will be protected. A comprehensive 

quality assurance program is carried out during design and construction to assure that the 

unit, as constructed, will meet its design objectives. Operator training, detailed operating 

and emergency procedures, and periodic tests and inspections over the lifetime of the units 

will assure the safe operation of the facility.  

Expected releases for abnormal operations, such as for those equipment failures 

which experience has indicated are likely to occur, may temporarily be higher than those 

estimated for normal operation. However, the Technical Specifications for Indian Point 

Unit No. 2 require that in any event these releases shall be within the limits of 10CFR20.  

In addition, as is presently the case for Indian Point Unit No. 1, it will be Con Edi

son's policy to operate Indian Point No. 2, including the waste disposal equipment, in such 

a manner that radioactive releases will be kept as low as practicable below the limits speci

fied in 10CFR20. Available waste disposal equipment will be utilized to the maximum extent
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practicable, and every effort will be made to restore the availability of equipment which may 

be shut down for servicing or repair. Section 3.9 of the Technical Specification contains 

such a requirement, which reads, "Plant equipment shall be used in conjunction with devel

oped operating procedures to maintain surveillance of radioactive gaseous and liquid efflu

ents produced during normal reactor operations and expected operational occurrences in an 

effort to maintain radioactive releases to unrestricted areas as low as practicable." 

Meteorological concerns factored into analyzing non-routine plant behavior include a 

conservative sequence of wind speeds, wind persistence and stability categories. After any 

incident on the site, highly stable conditions are assumed for 24 hours with wind speeds on 

the order of 1 and 2 meters per second and wind direction constant. This is conservative 

because of the minimal probability of such a meteorological occurrence and because of the 

diurnal nature of the valley, discussed previously, which one can expect to cause a reversal 

in wind direction at 12 hour intervals.
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2. 3. 8 Construction Effects

2.3.8.1 General Plans and Schedules 

Indian Point Unit No. 2 construction commenced in December 1965 and has now 

reached the point at which construction is essentially complete.  

On June 29, 1970, the first major milestone of plant construction completion was 

achieved with the conduct of the reactor coolant system hydrostatic test. Subsequently, on 

January 18, 1971 hot functional testing commenced and was completed on March 3, 1971.  

The vapor containment and structural integrity tests followed, thus completing the major 

testing operations required prior to core loading. Final preparations are now underway to 

complete construction operations which will permit the uranium fuel loading of the core and 

the conduct of sub-critical testing by October of this year.  

The photos which are presented on the following pages attest to this near completed 

status of construction. During the five and a half years of construction over $130, 000, 000 

has been invested in Indian Point Unit No. 2. It is now over 99% complete and in the near 

future will be ready for power operation.
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Figure 2.3-15. Indian Point complex - an overview (Unit No. 2 on left)



0

Figure 2.3-16. Indian Point Unit No. 2 looking south - final site grading in progress

0



Figure 2.3-17. Outside view Indian Point Unit No. 2 Turbine Hall



Figure 2.3-18. Indian Point Unit No. 2 main generator transformers



Figure 2.3-19. Indian Point Unit No. 2 control room



Figure 2.3-20. Indian Point Unit No. 2 turbine hall



203.*8.2 Impact of Construction Activities

At the Indian Point site today, within the confines of a limited cleared area, there 

exists the construction site for a nuclear complex with laydown areas, parking lots for 

workers' cars, construction buildings, an array of heavy equipment and all the activity nor

mally associated with large scale construction. While the temporary environmental impact 

of such change and activity cannot be termed desirable, the work has been planned and con

trolled so as to localize any effects. Many of these areas will remain until completion of 

Unit No. 3, presently under construction, In, 1973.  

The main boundaries of the site have been left relatively untouched in an attempt to 

provide a visual and acoustic shield for the surrounding neighborhood. As construction ap

proaches completion, and work forces and equipment on the site diminish, orderly restora

tion will begin to accelerate. Complete restoration of the site is expected to be accomplished 

within one year of the completion of Unit No. 3. At that time a new park with industry host

ing recreational, educational and cultural facilities will have replaced an abandoned amenity 

from another era. Plans for the park are discussed in Sections 2.3.1.2 and 2.3 .9.  

While some minor relocation of wildlife has occurred as a result of construction, ap

proximately one-half. of the site peripheral to the construction area remains untouched and 

provides an immediate refuge. This has held to a minimum the actual distance of wildlife 

relocation. When the areas disturbed during construction have been restored, rapid wildlife 

resettlement can be expected. Combustion products released to the atmosphere during con

struction as a result of the operation of diesel-powered equipment are of the type associated 

with any large-scale construction job.  

2.3,8.3 Effect of Construction on Adjacent Waters 

Dredging and filling generally result in the destruction of benthic organisms in the 

area involved. Since relatively little dredging and filling were required for the construction 

of the intake and discharge structures, effects of this type were minimal.  

(See Section 2.3.4.1 (5) for a discussion of chemical releases during construction)
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2.3.9 AESTHETICS

The structures of Unit No. 2 were architecturally designed to present an attractive 

appearance and one that is cohesive with the existing facilities. See Figure 2.3-21.  

Effort was exercised wherever possible to eliminate from view unsightly operating 

equipment. The screen well machinery at the shore front is located behind a masonry cur

tain with a planting box at its base to screen it from river traffic and the opposite shore.  

Attention has been given to the form, color and texture of the buildings so that the setting is 

enhanced and the feeling of intrusion is held to a minimum.  

As mentioned earlier Con Edison is now in the process of developing a master plan 

for enhancing the educational, recreational and scenic value of the site for the visiting public, 

as well as providing facilities to accommodate a considerably larger number of visitors. To 

accomplish this Con Edison has engaged M. Paul Friedberg and Associates, a firm accom

plished in the fields of landscape architecture and urban planning, as a consultant in these 

matters.  

The plan is not developed to the point where details have been determined. However, 

the general concepts of the plan are outlined below.  

The master plan has three principal features: 

1. The preservation and enhancement of the 80-acre natural forested area, 

2. The restoration by landscaping of areas of the site which have previously 

been cleared, and 

3. In this restored area, the construction of a new and enlarged Visitors' 

Center.  

Con Edison hopes to complete the implementation of this plan within one year after 

Indian Point Unit No. 3 begins commercial operation. Figure 2.3-21 shows the present con

ception of the completed master plan.
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Figure 2.3-21. Artist's rendition of the completed Indian Point complex



2.4 Effects on Natural-Environment Which Cannot Be Avoided

As discussed in previous sections of this report, certain aspects of operation of Unit 

No. 2 have a potential for detrimental natural -environmental effects. These are radiological 

discharges (Section 2.3.7), chemical discharges (Section 2.3.4), thermal discharges (Section 

2.3.3) and fish impingement (Section 2.3.6.4).  

In view of the thorough review of the AEC of the radiological aspects of the facility 

and the rigorous requirements which the facility must now meet as for routine radiological 

discharges, there will be no significant radiological effects. Chemical and thermal releases 

will meet applicable legal requirements and are not expected to adversely affect the ecology 

of the river. Finally, taking into account the program which Con Edison has outlined in 

Section 2.3,6.4 to minimize any fish impingement problem, we are confident that the Unit 

No. 2 intake will not adversely affect the fish population of the Hudson River.  

The operation of Indian Point Unit No. 2 will substantially improve the natural en

vironment of the metropolitan area by substantially reducing the air emissions from fossil 

generating plants.
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2.5 ALTERNATIVES AND COST-BENEFIT ANALYSIS

(1) Alternative Sources of Power 

In view of the fact that Indian Point No.* 2 is nearly complete at the time of the writing 

of this Supplemental Environmental Report, this section will consider alternatives available 

in the context of the existence of the plant. There would appear to be no purpose in review

ing the decisions of the mid-1960's which led to the decision to commence the construction 

of Indian Point, No. 2.  

(a) Alternatives for 1972 

As discussed in Section 2.1.4, Indian Point No. 2 is needed to furnish power during 

1972. Accordingly, it is necessary first to consider alternatives for 1972.  

The alternative of load reduction is discussed in Section 2. 1.43P which analyzes the 

methods of load reduction and hardships which would be imposed on Con Edison's customers 

by reliance on load reduction procedures to replace power from Indian Point No. 2.  

Other new plants are not feasible to meet 1972 requirements. Fossil-fueled plants 

require an estimated 4 to 6 years to complete and an alternative nuclear power plant would 

require an even longer time. Gas turbines, as discussed below, are not technically alterna

tives for a base load plant such as Indian, Point No. 2. Our experience indicates that instal

lation of gas turbines requires more than one year even on a crash basis so that the earliest 

that gas turbines equivalent to the capacity of Indian Point No. 2 could be installed would be 

after the summer of 1972.  

Purchased power is likewise not a feasible alternative for Indian Point No. 2 for the 

year 1972. Con Edison has contracts and commitments for 395 MW of purchased power for 

the summer of 1972. The Company has solicited offers from sources in the northeastern 

states and Canada and has obtained indications that there may be some additional power avail

able for purchase. However, in all these cases except for approximately 200 MW, the avail

ability of additional purchased power for the summer of 1972 is contingent upon the comple

tion of the construction of new facilities which are not even scheduled for service until the 

spring of 1972 at the earliest. A large part of the capacity available on this contingent basis 

depends on the timely completion and licensing of nuclear facilities. The remaining offers 

are contingent upon the completion of non-nuclear facilities and known delays already jeopar-
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dize the construction schedules. The generally prevailing experience of slippages in utility 

construction projects cast serious doubt on the availability of the power involved in each of 

these offers.  

Con Edison has in the past made emergency purchases of energy from outside the 

system. Such purchases and other short duration purchases will probably be available in 

varying quantities from day to day as load and system conditions of other utilities permit.  

However, there is no assurance as to the availability of such power, and it would be extreme

ly imprudent to plan to meet load demands utilizing emergency purchases without any basis 

to predict when and how much will be available.  

Some additional power might be available by deferring retirement of older stations.  

Much of this capacity was installed between forty and fifty-six years ago and was scheduled 

to be retired prior to 1970 as part of the Company's plans for the 3800 MW of new capacity 

that is now delayed (Indian Point Nos. 2 and 3 and the Cornwall Pumped Storage Project).  

These plants have become increasingly difficult to maintain and are no longer dependable.  

They will deteriorate further each additional year that they remain in service, despite con

tinuing maintenance efforts. Accordingly, deferment of retirements would not produce a 

reliable source of power.  

A failure to operate Indian Point No. 2 as soon as it is available for operation will 

produce an adverse environmental impact in that it will require the Company to make greater 

use of older fossil-fueled plants. The Company has analyzed the dispatch of various groups 

of units which would occur during 1972 with and without Indian Point No. 2 in service. Table 

2.5-1 indicates the increased energy output and increased sulfur dioxide, nitrous oxides and 

particulate matter by station that would be emitted in New York City if Indian Point No. 2 

were not in service as presently scheduled (fully licensed January 1, 1972 and achieving full 

power July 1, 1972). The increase in the emission of pollutants is expected to be 1, 245 tons 

per year of particulates, 29, 000 tons per year of sulfur dioxide and 16, 000 tons per year of 

NOx.  

The economic cost of delaying operation of the plant is estimated as approximately 

four million dollars per month, consisting of an estimated three million dollars as the incre

mental cost of replacement power (if available) and approximately one million dollars per 

month as the carrying cost of the idle investment.
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TABLE 2.5-1

INCREASED GENERATION AND STACK EMISSIONS 
AT CON EDISON GENERATING STATIONS AS A 
RESULT OF INDIAN POINT NO. 2 NOT IN SERVICE 

IN 1972 

INCREASED ADDITIONALso N 
STATION GENERATION PARTICULATES 2 x 

(10 6KWH) (TONS) (TONS) (TONS) 

ARTHUR KILL 241 68 2000 1000 

ASTORIA 103 16 400 200 

EAST RIVER 376 48 1100 600 

HELL GATE 1387 318 7200 3800 

HUDSON AVE. 964 242 5400 2900 

RAVENSWOOD 1028 254 5700 3000 

SHERMAN CRK. 427 103 2300 1200 

WATERSIDE 372 95 2200 1100 

59TH STREET 315 86 2000 1000 

74TH STREET 67 15 300 200 

GAS TURBINES 387 0 400 1000 

TOTAL EMISSIONS 1245 29000 16000
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A cost-benefit analysis of operation of Indian Point No. 2 in 1972 must note the fol
lowing benefits: the fulfillment of the serious need of 8, 650, 000 people for the power, re
duction of emissions of air pollutants in New York City from retirement of old plants and a 

reduction in the demands for energy placed on other units and avoidance of the costs associa

ted with a constructed idle plant. In any such analysis, the environmental costs of operation 

are theoretical and cannot be quantified; they are the possible environmental costs of radia

tion emissions, chemical discharges, thermal discharges and fish impingement.  

In balancing these benefits and costs, it is important to note that the potential adverse 
environmental effects are minimal. Radiological emissions will be as low as practicable, 

in accordance with AEC regulations. Chemical and thermal discharges will be within limits 

prescribed by the New York State Department of Environmental Conservation which are re

quired by applicable regulations to be such that no discharge alone or in combination with 

others shall be injurious to edible fish or shellfish or the culture of propagation thereof or 

shall impair the waters for any best usage (6 NYCRR S 701.4, Class _SB.). As discussed 

in Section 2.3.6, fish impingement problems on the intake screen are not expected to pro 

duce any serious detrimental effect on the Hudson River Fishery.  

Accordingly, potential costs referred to above ar e not sufficient to counterbalance 

the benefits to be obtained from Indian Point No. 2 during 1972.  

(b) Long Term Alternatives 

As discussed in Section 2.1.4, there is an increasing demand for power which Con 
Edison is legally required to meet. In addition to its construction of Indian Point Nos. 2 and 

3, Con Edison is participating in the construction of four fossil-fueled generating units on 

sites along the Hudson River at Bowline Point and Roseton. Bowline Point No. 1 is scheduled 

to be in service by the summer of 1972. Roseton Nos. 1 and 2 are scheduled for service 

prior to the summer of 1973, and Bowline Point No. 2 is scheduled for the summer of 1974.  

Even with these additions, there will remain a need for additional capacity resources, 

Both the Federal Power Commission and the New York State Public Service Commission have 
stated that even with the planned additions through 1973, including Indian Point No. 3, there 

will be an urgent need for an additional base load fossil-fueled unit that Con Edison has pro-
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posed to build in New York City in 1974 at its Astoria plant. Thus, if Con Edison were not 

to receive an operating license for Indian Point No. 2, it would be necessary to replace the 

unit with other new resources.  

In order to replace Indian Point No. 2 with a new unit, a site better than Indian Point 

has to be found, Con Edison is faced with an extreme shortage of available sites to meet 

projected load growth even with Indian Point Nos. 2 and 3 in service. In order to obtain per

mission to construct a new fossil-fueled unit at its Astoria plant, the Company entered into 

a Memorandum of Understanding with the City of New York in which it was agreed that no 

more fossil fueled boilers for electric generating plants will be located on the New York 

City mainland. Any use of an alternative site as a replacement for Indian Point No. 2 at a 

time when sites are scarce would jeopardize Con Edison's ability to obtain sites for future 

plants needed to meet load growth and to replace obsolete units.  

Gas turbines are not a feasible alternative to supply base load power. By 1972 Con 

Edison will have installed on its system over 2300 MW of gas turbines. Approximately 200 

MW of this capacity was expressly planned by the Company to serve as emergency start-up 

and transit capacity. The remaining 2100 MW were planned to provide peak capacity for the 

early 1970's as compensation for delays already incurred in the Cornwall Pumped Storage 

plant and to replace capacity lost due to equipment deterioration at older plants which have 

been used for peaking purposes, 

Peaking capacity supplied by these gas turbines is electricity furnished for a limited 

number of hours per year when demand for electricity is unusually high because of the sea

sonal increases in demand. This is encountered particularly during the summer for air con

ditioning, or because of short term outages of other generating units. Gas turbine capacity 

beyond that already planned for the system would be required to operate for more hours 

than would normally be the case for gas turbines intended solely for peaking capacity. There 

has been little utility operating experience with gas turbines except for peaking service. It 

is, therefore, difficult to project their expected performance in providing base load capabil

ity where they are relied on for continuous service.  

Purchases of power from other utilities is not a feasible long-term alternative to 

Indian Point No. 2 unless at some future time some utility or utilities are willing to build a
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plant of equivalent size solely for Con Edison, and to date no utility has indicated an interest 

in doing this.  

Con Edison hopes to commence purchasing 1000 MW of power in 1977. This consists 

of 500 MW from the Breakabeen Pumped Storage Project of the Power Authority of the State 

of New York and 500 MW from Hydro Quebec. The Breakabeen Project has not yet been 

licensed by the Federal Power Commission and must, therefore, still be considered as only 

a possible source of power. The transaction with Hydro, Quebec may involve a seasonal ex

change or a straight purchase and no contracts have yet been signed. Con Edison is partici

pating in joint studies by the New York Power Pool, Ontario Hydro and Hydro Quebec to 

determine the long range feasibility of a major inter -connection from Canada to New York 

to import this power. Assuming these purchases are made, they will be necessary to meet 

the load growth of Con Edison and are not available as a replacement for Indian Point No. 2.  

Moreover, major problems remain to be solved before any such transaction with Hydro 

Quebec can be consummated. For example, major new transmission faci lities will be re

quired, and the siting of these facilities will be difficult. In addition, an appropriate export 

license will be required from the National Energy Board of Canada; and such a license is 

available only if the power to be exported does not exceed what is needed to meet "the 

reasonably foreseeable requirements for use in Canada".  

Con Edison has investigated other possible sources of generating capacity such as 

the planned Canadian hydroelectric development at Churchill Falls in Labrador. Inquiry in 

this regard determined that essentially the entire output of the Churchill Falls plant would be 

required for anticipated load growth in Canada. More recent plans announced for major ex

pansion of the Canadian hydro resources in the early 1980's have prompted Con Edison to 

reinvestigate this possibility for long range large purchases and preliminary discussions 

leading to such purchases have been held. However, it cannot be assumed that any signifi

cant amounts of power from these sources will be available on a firm basis until the 1980's 

at the earliest.  

Any additional power purchases would require construction of new plants by neighbor

ing utilities within transmission distance of Con Edison. Con Edison does not know of any 

plans for such plants which might offer a source of substitute power for Indian Point No. 2.  

In view of the scarcity of power plant sites in neighboring areas, it is doubtful that such a
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plant would be constructed. Furthermore, as with plants that might otherwise be constructed 

by Con Edison, such fossil-fueled or nuclear plants would not have any significant environ

mental advantage over Indian Point No. 2.  

A cost-benefit analysis of long term alternatives for Indian Point No. 2 must start 

with the fact that the plant exists and will shortly be ready to serve the needs of Con Edison's 

customers. The benefits are its availability to fulfill the need for power, its utilization of a 

scarce plant site and, as noted above, a reduction of emissions of air pollutants in New York 

City. As of July 31, 1971, Con Edison has expended on Indian Point No. 2 approximately 

$139, 000, 000 and is committed to pay for the balance of the construction of the plant, leading 

to a full cost of approximately $160, 000, 000. If the plant were abandoned, there would be 

additional costs of permanently closing the facility, re-training of personnel, etc.  

A nuclear plant at another site to replace Indian Point No. 2 would preempt a scarce 

site needed to serve future load growth and would lead to a shortage of power during the time 

required for its construction. Such a plant would cost considerably more than Indian Point 

No. 2, perhaps three to four times as much.  

A fossil-fueled alternative to Indian Point No. 2 would similarly preempt a scarce 

site needed to serve future load growth and would lead to a shortage of power during the time 

required for its construction. Such a plant would also encounter environmental objections, 

primarily based on air pollution. Such a fossil plant would cost considerably more than 

Indian Point No. 2, up to twice as much. Fuel costs of a fossil plant would be considerably 

greater than that of a nuclear plant, particularly if very low sulfur fuels are required. Total 

costs for a fossil fueled plant. that would produce the same capacity and energy as Indian 

Point No. 2 would be 14.3 mills per KWH as compared to 5.4 mills per KWH for Indian Point 

No. 2.  

The alternative of gas turbines could be available within a shorter period of time than 

is required for a nuclear or fossil plant. As noted above, the use of gas turbines for base 

load operation would present unusual problems. This would also be a very expensive alterna

tive. Although gas turbines would have a lower capital cost (estimated to be about $125 per 

kilowatt excluding transmission) than Indian Point No. 2 (which it is now estimated will cost, 

when completed, $172 per kilowatt for 873 MW excluding transmission), they would have a 

much higher production cost (about 15 mill s per kilowatt hour as compared to approximately
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2.8 mills per kilowatt hour for Indian Point No. 2). As a result of the significantly higher 

fuel costs, total system costs will be greater if a gas turbine alternative were installed in 

place of Indian Point No. 2. The total additional cost of the use of gas turbines for one full 

year at a rate comparable to the anticipated operating rate of Indian Point No.' 2 would be, 

approximately $75, 000, 000.  

The cost of purchased power as a long term alternative to Indian Point No. 2, if such 

power were available, would be considerably greater than producing equivalent power at 

Indian Point. The cost of this power varies greatly depending on its source, transmission 

distance, etc.  

The costs for the purchase of firm power are established by negotiations with the 

seller, In 1970 the cost of firm purchases averaged 8.3 mills per kilowatt hour. During the 

summer of 1971, in which 920 MW of firm power was purchased, the average cost was 11. 1 

mills per kilowatt hour, Individual purchases ranged from 8. 0 to 19.5 mills per kilowatt 

hour. Costs of po wer in the future are expected to be greater because they would be based 

on new plant costs. By comparison, the cost to generate power at Indian Point No. 2 is ex

pected to be about 5.4 mills per kilowatt hour.  

Supplemental and emergency purchases of power may be expected to be available for 

short periods and in varying quantities in the future. However, both forms of purchase 

power are intended to be of short duration and are, available only when the seller's system 

has capacity in excess of its own requirements. Supplemental power may be scheduled in 

advance of use where it is known a deficiency will exist. It is usually made available at the 

seller's cost (which includes start-up and operating charges and fuel and incremental main

tenance costs) plus 10%. Emergency purchases are those which are not pre-scheduled, but 

rather are requested at the time of an emergency when a company's load carrying capability 

is in jeopardy. The purchase price for emergency purchase is also normally seller's cost 

plus 10%. From January 1, 1971 to May 31, 1971, the average cost of supplemental and 

emergency purchases was 13.9 mills per kilowatt hour, with individual purchases ranging 

in cost from 8.4 to 23.4 mills per kilowatt hour. In 1970, the average cost of supplemental 

and emergency purchases experienced by Con Edison was 11. 5 mills per kilowatt hour.  

This is already considerably higher than the cost of power from Indian Point No. 2 and it 

may be expected that these costs will increase in the future.
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In summarizing the costs and benefits discussed above, Con Edison does not believe 

there is any basis for abandonment of Indian Point No. 2 and replacing it with one of the al

ternatives discussed. The overriding consideration in Con Edison's view is the shortage of 

sites and purchased power to meet the anticipated needs of the people of its service terrfi

tory. The abandonment of Indian Point No. 2 would also involve the loss of approximately 

$160, 000, 000 committed to the plant and the additional cost of construction of an alternative 

plant. The long-term environmental costs of operation of Indian Point No. 2 are the same 

as discussed above with respect to plant operation for 1972, As noted above, these environ

mental costs are minimal. Their avoidance does not justify a rejection of the benefits to be 

obtained from operation of Indian Point No. 2 or incurring the great economic loss from the 

abandonment of Indian Point No. 2.  

(2) ALTERNATIVES FOR FISH PROTECTION 

As discussed in Section 2.3.6.4, Con Edison has been and is continuing to explore 

many alternative methods of protecting fish at the intake structure. The following is a list 

of alternatives which have been tried at Indian Point No. 1: 

Items Date Effectiveness 

1. Air bubble curtain April 1963 Unsatisfactory 
2. Foxwire netting 

around the wharf July 1963 Unsatisfactory 
3. Sound source Spring 1965 Inconclusive 
4. Trash rack modification 1965 Unsuitable 
5. Extension of sluice Summer 1965 Unsatisfactory 
6. Remove sheet piling August 1965 For large fish 

(satisfactory) 
7. Light source Summer 1966 Inconclusive 
8. Extension of discharge Spring 1966 Unsatisfactory 
9. Ice wall removed April 1966 For large fish 

(satisfactory) 
10. Fixed screen installed December 1967 Satisfactory 
11. Steamline for deicing 

of fixed screens January 1970 Satisfactory 
12. Extension of discharge February 1970 Satisfactory 

Indian Point No. 2 will not have the sheet piling or the ice wall which presented a 

problem for Indian Point No. 1. Indian Point No. 2 will have a fixed screen of the type which 

proved satisfactory for Indian Point No. 1. The extension of the discharge is also applicable
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to Indian Point No. 2 because all the Indian Point units use a common discharge canal and 

outfall structure.  

In addition, an underwater hole in front of the Indian Point No. 2 intake will be filled 

in 1971 at a cost of approximately $90, 000. A newly designed air bubble curtain will also be 

installed at Indian Point No.* 1. Con Edison is also studying the effectiveness of moving the 

travelling screens to the intake opening and running the screens continuously to reduce fish 

impingement.  

As stated in Section 2.3.6, Con Edison has been studying a new single intake struc

ture for all the Indian Point units. This structure is estimated to cost $ 12-15 million 

dollars, Con Edison will conduct hydraulic modeling studies to determine the effectiveness 

of this concept and flume studies to determine the best design for the structure. These are 

necessary preliminaries to the commencement of the construction.  

Con Edison employed consultants to determine whether other possible alternatives 

were used by other utilities in this country and in England, and that study has not revealed 

any promising alternative procedure. Con Edison has not rejected any alternative because 

of co St.  

The alternative of shutting down the plant in the event of fish impingement problems 

requires a balancing of competing factors. As discussed in Section 2.1.4, a shutdown of 

the plant would produce a serious power shortage and increased emissions of air pollutants 

in New York City. If, for purposes of analysis, the power shortage problem can be ignored, 

there is an environmental trade-off between air pollution in New York City and fish protection 

at Indian Point. In balancing these problems, Con Edison is influenced by the fact that the 

best judgment of its consulting experts based on present available information is that the 

fish problems have not had any significant detrimental effect on the Hudson River Fishery in 

the area of the plant, and any effect they might have had is not irreversible. This is confirmed by 

the evidence of the continuing abundant fish life in the vicinity of Indian Point.  

In analyzing the benefits and costs in relationship to the fish protection problem, if 

it should occur, it is necessary to compare the known problems of air pollution and the known 

problems of a power shortage with the unknown risk of damage to the fish population, which 

damage, if any, is not irreversible. The public interest favors solving the known problems
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of air pollution and power shortage while continuing to search for the best sollution to the 

fish protection problem.  

(3) ALTERNATE COOLING METHODS - INDIAN POINT UNIT NO. 2 

The Indtian Point Unit No. 2 turbine operates on steam, a portion of which is extracted 

from the turbine for reheating of the condensate that is reused in steam generators. The re

mainder of the steam expands in the turbine performing work to drive the generator. When 

all useful work has been taken from the steam, there still remains a considerable quantity 

of energy that must be rejected to a heat sink. Indian Point Unit 2 heat sink consists of 

three 306, 000 square foot condensers, each cooled by up to 280, 000 gpm of Hudson River 

water. The temperature rise of the river water is 14.9 F with a turbine generator output 

of 873 MW, the total heat rejection by the condensers is 6.25 X10 9 Btu per hour.  

In addition, 30, 000 gpm of Hudson River water is used as service water to cool auxil
iary equipment. The design temperature rise of the service water is 6. 70 F. Heat associated 

with steam generator blowdowns is negligible. The total heat rejected to service water is 

0.1 X10 9 Btu/hr. Thus the total heat rejection for Unit No. 2 is 6.35 X109 Btu/hr.  

The cooling water system designed and constructed for Indian Point No. 2 is termed, 

an open system. Water is screened to remove debris, pumped directly through tubes in the 

condensers where it cools the turbine exhaust steam until the steam condenses, and is then 

returned to the river through a discharge structure designed to create mixing with sufficient 

additional river water so as to satisfy applicable water quality criteria of the state of New 

York.  

Once through cooling as designed for Indian Point Unit No. 2, is the best method of 

cooling because it meets applicable environmental criteria in a practical manner at the 

lowest cost, 

Alternate methods of cooling that have been, or would be used for thermal (steam) 

electric generating plants are - evaporative cooling towers operating on either closed or 

open cycles, dry cooling towers, cooling ponds, spray ponds and exhaust waste heat usage.
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EVAPORATIVE COOLING TOWERS

Evaporative cooling towers are heat exchange devices for transferring the heat in the 

condenser cooling water to the ambient atmosphere. The device consists of a finely divided 

grid over which the condenser water splashes. Atmospheric air is caused to circulate 

through the device by fans in the case of mechanical draft towers, or by the chimney effect 

of natural draft towers. The heat transfer is effected by evaporation of a small portion of 

the condenser cooling water and by a slight increase in the temperature of the air. In 

closed cycles, the water is gathered in a sump at the bottom of the tower and reused for 

condenser cooling. Virtually all heat rejection from the turbine is thus transferred to the 

atmosphere with no heat going to the river.  

In the open cycle, river water is pumped over the tower to cool it before returning it 

to the river. The water returns to the river at a higher temperature than the river. In a 

plant designed for open cycle towers the heat rejection to atmosphere is about 2/3 of the 

total heat rejection and about 1/3 to the river.  

Evaporative cooling towers were not used for Indian Point Unit No. .2 because there 

was no apparent need for them from an environmental standpoint. Had they been used in the 

initial design of the plant, they would have added about $15-$16 million to the cost of the 

unit. To add cooling towers at this time would cost about 30 million dollars. This cost is 

specific to Indian Point Unit No. 2.  

Beyond the capital cost associated with the addition of cooling towers, there would be 

significant operating costs caused by unit derating resulting from additional auxiliary power 

requirements and thermodynamic performance deterioration, added maintenance, and cost 

of chemical treatment of make-up and possibly tower blowdown water.  

A further consideration for the evaporative alternates is the fact that the Hudson 

River in the vicinity of Indian Point has a salinity content of 100 to 7, 000 ppm. Hudson River 

water would be used as make-up to compensate for evaporative losses (20 to 30 million gal

lons a day) in a closed cycle or in the case of open cycle, would comprise the total flow over 

the tower. Con Edison has embarked upon a research program to determine the design modi

fications required to convert commercially available towers to brackish water operations 

for future units and the environmental implications of their operation.
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DRY TOWERS 

The function of dry towers are the same as the evaporative towers described above.  

They differ, however, in the means for effecting heat transfer. In the dry tower, the conden

ser cooling water is pumped through a radiator type structure which is cooled by the atmos

pheric air. Since there is no evaporation in the tower, it suffers performance penalties of 

two types. First, the working temperatures are elevated above those which exist in evapor

ative towers by as much as 17-20OF in the summer. This is the difference between dry and 

wet bulb temperatures of the atmosphere. (The evaporative towers approach wet bulb tempera

ture, whereas the dry towers approach dry bulb temperatures.) Secondly, dry towers re

quire much more transfer surface because of the inefficiencies of dry heat transfer adding 

considerably to the cost of the installation and the space requirements.  

Had the installation of Indian Point been designed initially for dry towers, the addi

tional cost to the project would have been about $45 million. Dry towers are not an alternate 

to existing cooling methods because the turbine generator plant is not designed to operate 

with cooling water at the elevated temperatures resulting from operation of dry towers during 

peak summer temperatures.  

COOLING PONDS 

A cooling pond substitutes the surface of the pond for the more compact heat transfer 

operation of the cooling tower. The pond depends upon natural phenomena to cool heat rejec

tion to it. The size of the ponds are determined by local climatic conditions. Indian 

Point, Unit No. 2 would require a pond of 2700 acres. The total Indian Point site is 239 

acres. Cooling ponds are not a practical alternate for Indian Point No. 2.  

SPRAY PONDS 

Spray ponds represent a compromise between cooling towers and cooling ponds. The 

water surface available for heat transfer is effectively increased by spraying the pond water 

into the air where it breaks up into droplets. However, the air flow is produced by uinassist

ed natural phenomena. Had a spray pond been included in the original plant Indian Point No.  

2 would have required 30 acres at a design temperature unit of about 25 0 F. Cost of such a 

cooling pond would have been 7-10 million dollars for Indian Point Unit No. 2. However,
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14 degrees temperature rise in the condenser cooling water would require approximately 60 

acres of cooling pond at a cost of $15 to $20 million.  

SPRAY PONDS 

Spray ponds represent a compromise between cooling towers and cooling ponds. The 

water surface available for heat transfer is effectively increased by spraying the pond water 

into the air where it breaks up into droplets. However, the air flow is produced by unassisted 

natural phenomena. Had a spray pond been included in the original plant Indian Point Unit No.  

2 would have required 30 acres at a design temperature rise of about 25 0 F. .I 

Cost of such a cooling pond would have been 7-10 million dollar s for Indian Point 

Unit No. 2.  

There are adverse environmental effects associated with a spray pond at Indian Point.  

If the scenic wooded area to the north were to be used, the land would require defoliation and 

clearing. During winter operation, drift and spray would result in severe local icing. The 

effect of salt content of the spray is not known but it is highly likely that the local flora would 

be severely affected affected. Under adverse humidity conditions, local fogging can occur.  

WASTE HEAT 

An alternate to ambient heat sink cooling is to use the heat available in the turbine 

exhaust for low grade thermal requirements such as domestic and low temperature process 

requirements. These uses require temperature levels generally corresponding to condensing 

pressures and temperatures not compatible with the design of the existing Indian Point Unit 

No. 2 turbine generator system. Further, there are no potential users of waste heat in the 

quantity available within reasonable proximity of the plant.  

Considering all the factors outlined above, and taking into consideration the minimal 

nature of the environmental effects of the existing once-through cooling system as outlined 

in Section 2.*3, and the cost of delays caused by fitting of alternate cooling systems, Con 

Edison believes that the existing system constitutes the preferable method of cooling for 

Indian Point #2.
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2.* 6 Short Term Uses Versus Long Term Productivity

The construction and operation of the Indian Point generating station will involve the 

commitment and use of a certain amount of land, air and water, Of these, only land is re

moved as a resource available for other types of activity. The portion of this site used for 

the nuclear units will be small and the balance of the area is to be concurrently used for 

recreational and educational purposes. Moreover, there is no intrinsic reason why at the 

end of the useful life of this nuclear facility its ultimate decommissioning cannot be accom

plished, and accomplished in a way which would leave the site a more useful resource than 

it was before the first unit was built. Thus, the short term use of the site for the genera

tion of electricity and public recreation and educational purposes will enhance its long-term 

productivity. In addition, this short-term utilization of land, air and water at the Indian 

Point site is not considered to be an irreversible or irretrievable commitment of a resource.
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* 2.7 Irreversible and Irretrievable Commitment of Resources 

The only resources used in significant quantity at Indian Point that are irretrievable 

are the Uranium-235 portion of the fuel consumed within the nuclear units and the land used 

for the construction of the plant. As indicated in Section 2.1.3-6, borings have shown that 

the use of the Indian Point site in no way interferes with any substantial subsurface resources.  

Although these borings do not exclude the possibility of such resources (e. g., fossil fuel or 

other ore deposits), they do preclude any economical utilization of these resources. The 

fuel to be used consists of Uranium-238 which has been enriched to 3.2 weight percent (for 

an equilibrium fuel cycle) in Uranium-235. An average of 96 percent of the total amount of 

Uranium (including 30% of the original Uranium-235) is reclaimed via fuel reprocessing.  

The Uranium-235 is consumed at an average rate of 0.660 metric tons per year for an 

anticipated commitment of 20 metric tons of Uranium-235 for the first 30 years of plant 

operation.
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BENEFIT-COST DESCRIPTIONS OF ALTERNATIVE 

PLANT DESIGNS FOR INDIAN 
POINT UNIT NO. 2 

INTRODUCTION 

This report has been prepared in connection with the proceeding before the 
United States Atomic Energy Commission (AEC) in which Consolidated Edison Company 
of New York, Inc. (Con Edison) has obt ained a construction permit and is seeking an 
operating license for its 873 MW(e) nuclear generating plant, Indian Point Unit No. 2.  
This report is Supplement 3 to the Environmental Report dated August 6, 1970. Sup
plements 1 and 2 were dated September and October 1971. This report is self-con
tained except reference is made to the other supplements for topics where there have 
been no changes. In compiling and organizing the information contained in this report, 
Con Edison and its contractor, Battelle-Columbus, have insofar as feasible, followed 
the "Proposed AEC Guide to the Preparation of Benefit-Cost Analyses to be included 
in Applicants Environmental Reports (For Defined Classes of Completed and PartialIly 
Completed Nuclear Facilities)" dated January 7, 1972.  

This is the second of three nuclear power generating plants planned for the 
Indian Point site. On December 6, 1965, Con Edison filed its application for a permit 
to construct Unit No. 2 with the AEC. On October 14, 1966, the AEC, after a public 
hearing and after favorable recommendations from the Atomic Safety and Licensing 
Board as well as the Advisory Committee on Reactor Safeguards issued Construction 
Permit CPPR-21 for this facility. The unit is now essentially ready for commercial 
operation from the physical standpoint.  

The data and interpretation contained in this report is intended to provide 
information to the U.S. Atomic Energy Commission for its development of a benefit
cost analysis which balances the environmental effect of the facility and the alternatives 
for reducing or avoiding adverse environmental effects as well as the environmental, 
economic, technical, and other benefits of the facility.
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ALTERNATIVES 

The proposed AEC guide states: 

"Alternative 1 is the design basis for the fa cility as constructed to date. Design 

changes which are presently planned, but not yet physically committed, should be 

described as pertaining to Alternative 4.  

"Alternative 2 is the conceptual plant design which reduces to a minimum 

feasible level with available technology the significant detrimental effects to a natural 

water body which would be incurred by operation under Alternative 1.  

"Alternative 3 is the conceptual plant design which reduces to the minimum 

feasible level with available technology detrimental effects to ambient air and land.  

"Alternative 4 is the plant design for which licensing is being requested. It 

is that design which results from the applicant's best effort to balance environmental 

cost reduction with plant modification costs. Any proposed modifications of plant 

designs to reduce environmental effects must take into account the possible effects on 

plant safety. If, as a result of this balancing, Alternatives 1 and 4 are identical, the 

applicant's documentation should include a rationale fo r this conclusion." 

The alternatives selected for compiling benefit-cost information are described 

in the following paragraphs. Alternative 1, the existing plant, is a virtually completed 

873 MW(e) pressurized water reactor utilizing once-through cooling with the condenser 

discharge water from. this facility (Unit No. 2) being mixed with that from Unit No. 1 

in the same discharge canal. For a more detailed description of the facility as pres

ently designed, see Sections 2. 1.2, 2.3.3. 1, and 2.3.7.1 of Environmental, Report, 

Supplement 1.  

Consideration of Radiological Impacts in Formulating Alternatives. The Alter

native 1 design will limit doses from radioactive material in liquid and gaseous effluents 

to levels that are within the numerical guides for design objectives and limiting con

ditions of operation set forth in the AEC's proposed Appendix I (dated June 9, 1971) 

to 10 CER Part 50. Thus, as suggested in the proposed guide for benefit-cost anal

yses, no further consideration is given to the reduction of radiological impacts in0
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formulating alternative plant designs for Alternatives 2, 3, .and 4, i. e. , Alternatives 

2, 3, and 4 would utilize the same radioactive waste treatment design as Alternative 1.  

Alternative 2 with minimum water impact, was selected as the present facility 

with the addition of two natural draft closed cycle cooling towers. It is believed that 

the water impact would be essentially the same, utilizing closed cycle mechanical, 

draft cooling towers also.. The natural draft cooling tower option was chosen, because 

of lower environmental impact from. fog, drift, and salt deposition.. Six alternative 

cooling systems (in addition to Alternative 1) were evaluated. These were mechanical 

draft cooling towers, natural draft cooling towers, and spray ponds, each operated 

open- and closed-cycle. A description of the cooling water alternatives considered 

is given in Appendix A.  

Alternative 3 is cons idered to be identical with Alternative 1 because it pre

sents very minor interactions with air and land. The material discharges are ex

tremely minor. Since the Indian Point site presently accommodates a nuclear power 

reactor (Unit No. 1) and is sufficiently large to accommodate others, no additional 

community impact from a new industry will occur and no land acquisition is required.  

Alternative 4 is also identical with Alternative 1 as Con Edison is indeed 

seeking licensing of the completed pressurized water reactor system utilizing addi

tional small areas and volumes (over Unit No. 1) of the Hudson River for cooling.  

Taking the necessary steps to further minimize the minimal water impact from Unit 2 

introduces, other environmental impacts such as fogging, drift, and salt deposition 

(as well as additional dollar costs). which may not be severe but would be new and, 

unnecessary for the Indian Point community.  

These conclusions are further supported in the additional textual material 

accompanying the tables.  

See Appendix B for descriptions of alternatives to minimize fish impingement.
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BENEFIT DESCRIPTION OF ALTERNATIVE. PLANT DESIGNS 

1. 0 POWER B ENEFITS 

Indian Point No. 2 as currently constructed is Alternative No. 1. The sum of 

the 'present worth of power benefits is $2, 336, 811, 000. The plant was assumed on 

scheduled maintenance for 8 weeks (1344 hours) for each year. Immature forced 

outage rate used was 15. 0% for the first three years. Mature outage rate was 10. 0%/ 

for all succeeding years. These outage rates are considered to be conservati vely 

representative of past experience with nuclear plants by Con Edison and other utilities.  

Capacity of Indian Point No. 2 was 873 MW for all years. Therefore, the capacity 

factor for the first three years was 69.7%/ (6107 hours) with annual energy output of 

5, 331,)400. MWIIRS. The capacity factor for all succeeding years was 74. 7% (6540 

hours) with annual energy output of 5,709,400 MWHRS. The life of the plant for 

economic purposes is 30 years. The discount factor was 8.0%7b based on the imbedded 

cost of debt, and current earnings requirements on common equity.  

The percentage of load by class of customers is as follows: 

Commercial and Industrial 53.6 

Residential 30.0 

Other (Railroad and Governmental) 16.4 

These are based on long range forecasts of sales by class of customer. Con 

Edison does not keep separate statistics on commercial customers and industrial 

customers because they are commingled in several of the rate schedules.  

Power benefits were based on current rate schedules for 1972. Based on 

estimates of 1972 revenue and sales the cost factors are: 

C ents/KWH-R 

Commercial and Industrial 3.69 

Residential 4.36 

Other (Railroad and Governmental) 2.46
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The minimum water impact alternative is natural draft closed- cycle cooling 

towers. Construction* time for all cooling alternatives was estimated to be three 

years. Indian Point is unchanged during these three years and its power output is the 

same as alternative 1. Cutover to the alternative cooling system was assumed to be 

coincident with the annual scheduled maintenance period on the unit with no additional 

downtime required. This assumption is probably optimistic and, should a longer time 

actually be required for cut over then, the power. benefits for the natural draft alterna

tive are slightly overstated and the incremental generating costs for all cooling, 

alternatives are slightly understated.  

For the remaining 27 years the capacity factor is the same as the base plant 

74.7% (6540 hours), however net output capacity is reduced to 836 MW and the annual 

energy output is reduced to 5,467,450 MWHRS. All other parameters for the power 

benefits are the same. The total power benefits for the minimum water impact' 

alternate is $2,259,287,000.  

The power benefits stated for Alternative 2 are for Indian Point No. 2 'with the, 

closed cycle natural draft towers only. The generating costs include the cost of.  
replacement power produced by fossil-fueled units on the Con Edison System. If 

this replacement energy produced on the other'units of the Con Edison System were 

to be included in the power ben efits they would then be identical to the power benefits 

of the base plant.
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2. 0 RELIABILITY INDEX 

Con Edison normally performs reliability calculations with a loss of load analy

sis co nfined to the times of maximum exposure to the peak load. This is the hour of 

maximum load for each weekday from June 15th to September 15th. If the ca pacity 

available is less than the load at the peak hour it is counted as a day of loss of load.  

A loss of load day is one on which the Company cannot meet its peak load with its own 

generation plus firm purchases. Thus, a loss of load day would occur on any day the 

Company was forced to use emergency or supplemental purchases or forced to reduce 

voltage or to actually disconnect customer load. Con Edison does not schedule any 

maintenance during this peak summer period. Although supplemental purchases or 

load curtailment measures may be required to meet operating reserve requirements, 

these -are not determined by the loss of load calculation.  

For 1972, with all units scheduled for the Summer of 1972 including Indian 

Point No. 2 in* service, and with scheduled retirements completed,* the loss of load 

expected would be 2. 0 days per summer.  

If Indian Point No. 2 is not in service during the Summer of 1972, the expected 

number of loss of load days will increase to 9.2 days assuming that all other planned 

new units are available as scheduled, but that planned retirements are deferred.  

Si nce the reliability index is based on 65 summer days, this represents 14.21% of the 

summer days. Thus, there would be a seven day increase in the expected number of 

loss of load days without Indian Point No. 2 in the Summer of 1972, even if we defer 

our re tirements. Expressed another way, this means a 350%/ increase in the expected 

exposure of the system to emergency conditions.  

Over the long range the reliability index will vary as a function of Con Edison's 

over all program of capacity additions and retirements, but the exclusion of Indian 

Point No. 2 would have a similar impact on the actual reliability index in any given 

year. A unit or group of units would have to be added to our current construction 

program over the long range to replace Indian Point No. 2 if it were. not to receive an 

operating license.
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4.1 RECREATION 

Increased recreational benefits will result from Indian Point 2. The master 

plan for the Indian Point site includes recreational facilities for public use. There are 

plans for paths, gardens, overlooks, and parking facilities in the area surrounding 

the Visitor's Center.  

A wooded area of 80 acres in the northern part of the.site will be left in its 

natural state as a nature preserve. Picnic facilities, trails, and other accommodation 

improvements are planned in keeping with the natural state of the area.  

It is estimated that major recreational usage will be related -to picnicking and 

nature observations. Although plans are definite to provide the recreational facilities 

discussed, they are not detailed enough at this time to estimate capacities and expected 

annual user days.  

Consolidated Edison has also transferred 14 acres at the northwest corner of 

the site to the village of Buchanan to be developed by the village as a public •marina.  

It is anticipated that boat launching ramps will be available at the marina; however, 

plans are not definite enough to estimate capacities and expected annual user days.  

There is no doubt, however, that construction of a public marina will enhance water

related activities of the area.  

4.3 AIR QUALITY 

An analysis for 1972, with Indian Point in service all year, was performed to 

determine the annual production of all the units on the Con Edison System. An identi

cal analysis was performed without Indian Point No. 2 in service. The increase in 

generation at each station was converted into expected additional emissions. Thus, 

in 1972, without Indian Point in service, there would be 29,000 tons of SO2t 16,000 

tons of NO and 1,245 tons of particulate matter emitted into the New York City atmosx 
phere in addition to the emissions expected from those same generating stations if 

Indian Point No. 2 were in service. This analysis was based on all units burning only 

oil, or gas when available. The oil which would be burned would be of the lowest sul

phur content for which Con Edison could obtain contracts. Con Edison's last coal 

burning unit is scheduled to be taken out of service for conversion to oil in the early 

part of 1972.
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5.0 EDUCATION

Educational benefits will be provided by the new Visitor's Center to be con

structed on the Indian Point site. Construction of the Visitor'Is Center is expected to 

begin in 1973 and to be completed in 1974. The new center will be considerably larger 

than the previously existing facility and will include more sophisticated exhibits focused 

on the peaceful uses of nuclear energy. Estimated cost of the facility is $7 million.  

It is anticipated that large usage of the facility will be made by school children 

on educational field trips. Since the new center will have facilities much expanded over 

those of the present center, visitations are expected to increase accordingly. Consoli

dated Edison expects approximately 100,000 visitors a year at the new Visitors Center.  

This estimate is based on visitations to the previous Visitor's Center that was in opera

tion between September 1959 and November 1970.  

Although an increase in the number of visitors to the new center is anticipated, 

the pattern of visitation is generally expected to remain the same. Highest rates of 

visitation occur between spring and early autumn, with August being the normal peak 

month. Peak days are normally weekends and holidays, and peak hours are normally 

from 2:00 p.m. to 4:00 p.m.  

The Visitor's Center should provide an excellent opportunity for a family and 

school children oriented educational experience in understanding how atomi~c energy 

affects our lives on a peaceful basis.
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.6.0 RESEARCH 

6.1 Expenditures for Contract Research on Environmental Studies.  

A total of approximately $10.0 million will be spent on contract research for 

environmental studies relating to the Indian Point site. Table 6.1-1 shows the expen

diture of research dollars. These studies are all directed -toward environmental pro

tection in the Indian Point areas. These studies are' all,.site-related rather than plant
related., thus, they are directed toward the entire Indian Point site rather than Indian 

Point 2 specifically.  

Considerable research dollars are being spent for environmental protection of 

the Indian Point area. Some $1,701,312 has been spent in contract research to date.  

A comprehensive five-year environmental research program is going to be 

carried out for the Indian Point site. Major objectives of this research program 

include: 

(1) A determination of the biological significance on the Hudson River eco

system of exploiting screenable fishes at the intake.  

S(2). A determination of the biological significance on the Hudson River eco

system of the mortality caused by nonscreenableorganisms passing through 

the plant.  

(3) A depiction of the changes in the Hudson River ecosystem caused by 

thermal and chemical additions.  
. (4) An 6bservation of significant detrimental effects caused by the operation 

of the Indian Point plants and an investigation into ways of solving identi

fied significant problems.  

Other research studies, that are either completed or scheduled to be completed, 
that relate to environmental protection at the Indian Point site include radiological 

studies--$30,000; fathometer studies--$13,000; and plant intake studies--$210,000.  

All of these studies affect in some manner the environmental protection of the Indian 

Point site.
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TABLE 6.1-1. EXPENDITURES FOR ENVIRONMENTAL STUDIES 

ON INDIAN POINT 2 SITE

Completed Studies 

Raytheon Company 

New York University 

Ichthyological Associates 

Northeastern Biologists, Inc.  

Bechtel Corporation 

Norman Porter Associates 

Alden Research Laboratories 

QLM 

Miscellaneous Studies 

Total

$ 591,600 

168,725 

43,500 

385,340 

35,000 

37,300 

310,000 

69,847 

60,000 

$1,701,312

Five-Year Ecological Study for Indian Point

1972-1975 $10,000,000

Other Studies to be Performed 

Radiological Studies 

Fathometer Studies 

Plant Intake Design Studies 

Total

38,000 

13,000 

210,000 

$ 261,000 

$11,962,312Total All Studies
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9.0 EMPLOYMENT 

It is estimated that there will be an incremental increase of 100 employees as a 

result of Indian Point 2. This is based on projected employment :for the fully developed 

Indian Point site and employment patterns at other multiplant nuclear generating 

facilities.  

it is estimated by Consolidated Edision that 399 full-time employees will be 

maintained at the Indian Point site on the completion of Units 1, 2, and 3. Some 112 

of these are expected to be management personnel with the remainder being operational 

and maintenance personnel. Average payroll per employee is estimated at $12, 000 per 

year. Thus, the 100 employees attributed to Indian Point 2 will have a substantial 

economic impact on the local area with an approximate annual payroll of $1,200,000.  

Over the life of the plant, this amounts to $36,000,000.  

This does not include the impact of construction personnel and their payrolls, 

nor the extra maintenance personnel that will be required during down times for

maintenance.  

GENERATING COSTS 

Co = The sum of the present worth of the annual carrying charges on the unit.  

TL t 
L 

I Vt(Ot + Ft) - The sum of the present worth of the annual fuel and opera
ti ttion and maintenance costs.  

For the "plant as is" Co - $260,867,000. This is based on a plant cost of 

$178,250,000 and annual carrying charges of 13.0% (as shown below). The discount 

factor is again 8.0%.  
TL TL t 

For the "plant as is" V (Ot + Ft) - $115,206,000 
t=1 

The discount factor is again the same and the annual energy output is the same 

for the power benefits. The fuel cost (Ft) is the long term levelized fuel cost for the 

plant, 1.42 mills per kilowatt-Hour, and the operation and maintenance cost is .4 

mills per kilowatt-hour.  
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"Plant as is" TC =$376,073,000.  

g 

ANNUAL CARRYING CHARGES 

FIXED CHARGES AS A PER CENT OF BOOKCOST RETURN AT 8% 

RECOVERY PERIOD 30 YEARS 

INDIAN GAS 
POINT NO. 2 TURBINES 

(At Indian Point) 

Return 5.5494 5.5494 

Depreciation 3.3333 3.3333 

Federal Income Tax 1.0209 2.1860 

Allowance For Reoplacements 0.5000 0.500.0 

Insurance 0.3000 0.3000 

Property Taxes 2.2000 0.2000 

TOTAL CHARGES 12.9036 13.8687 

TOTAL CHARGES ROUNDED 13.00 13.75 

For the minimum water impact alternative the generating costs are the same 

as the "plant as is" plus the "incremental generating cost" for the natural draft closed 

cycle alternate.  

"Plantags is" TC $376,073,000 

Natural draft closed cycle 

Incremental generating cost = 144,902,000 

Minimumwater impact TC - $520,975,000 

g 

INCREMENTAL GENERATING COSTS 

For the purposes of the alternatives, the fuel and Operation and Maintenance 

input into the plant is ass umed to be the same for the "plant as is" with its energy 

output, even though the output energy for the alternative is reduced due to increased 

back pressure and increased auxiliary requirements of the alternative cooling system.
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In addition to this there is an additional Operating and Maintenance cost on the alterna

tive cooling system itself. This Operation and Maintenance cost has been escalated 

for the 27 years (assuming three years construction time) remaining in plant life. 'We 

will designate 1"0 " as the sum of the present'worth of this additional Operation and c 

Maintenance cost of the alternate cooling system.  

C. Sum of the present worth of the annual charges (for the last 27 years) 

on the additional capital for the alternate cooling system. The car

rying charges (13.0%) and the discount factor (8.0%) remain unchanged.  

TL t 
a = P Sum of the present worth of the annual cost of replacement power.  

tt t=l Replacement power required because of average annual derating 

of each alternate cooling system. Energy replaced by Con Edison 

system at average fuel and Operation and Maintenance costs for 

each year starting in 1975.  

C = This is an additional variable we define since it is necessary to make 
gt 

the plant with an alternate cooling system equivalent to the plant as 

designed. While the derating of the plant with an alternate cooling 

system exists all. year round, and the lost energy has been taken 

into account by "0 " above, the derating is much higher at the time c 

of the peak ambient temperature. This coincides with the time of 

Con Edison's expected peak system load. Thus, it is necessary to 

cover the peak derating. This was accomplished by allowing for 

installation of gas turbines at Indian Point in 1975 at $157 per KW.  

Cg t is the sum of the present worth of the annual charges on the 

capital cost of those gas turbines (annual fixed charges of 13.75% 

based on 8% of capital).
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NATURAL DRAFT OPEN CYCLE ALTERNATE (2B) 

Construction Time: 3 Years 

Additional Capital Investment: $97,500,000 
(For alternate cooling system only) 

Average Annual Derating: 25 MW 
Peak Ambient Temperature Derating: 25 MW 

C= $110,027,000 

Oc = $ 3,912,000 

= $ 11,789,000 

C -- $ 4,685,000 
gt 

Total Incremental Generating Cost: $130,413,000O 

0
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MECHANICAL DRAFT OPEN CYCLE ALTERNATE (2C) 

Construction Time: 3 years 

Additional Capital Investment: $70,750,000 
(For alternate cooling system only) 

Average Annual Derating:, -35 MW 
Peak Ambient Temperature Derating: 35 MW 

C = $79, 840,000 

O = $14,851,000 c 

= $16,505,0OO 

C = $ 6,559,000 
gt 

Total Incremental Generating Cost: $117,755,000
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SPRAY POND OPEN CYCLE ALTERNATE (2D) 

Construction Time: 3 years 

Additional Capital Investment: $80,280,000 
(For alternate cooling system only) 

Average Annual Derating: 38 MW 
Peak Ambient Temperature Derating: 38 MW 

C = $95,594,000 i 

0 = $ 4,694,000 c 

_= $17,919,000 

C = $ 7,121,000 
gt 

Total Incremental Generating Cost: $125,328,000
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NATURAL DRAFT CLOSED CYCLE ALTERNATE (2E) 

Construction Time: 3 years 

Additional Capital Investment: .$95,860,000, 
(For alternate cooling system only) 

Average Annual Derating: 37 MW 
Peak Ambient Temperature Derating: 82 MW 

Ci = $108,176,000 

0 = $ 3,912,OOO 
c 

o = $ 17,448,000 

C = $ 15,366,000 

gt 
Total Incremental Generating Cost: $144,902,000
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MECHANICAL DRAFT CLOSED CYCLE ALTERNATE (2F) 

Construction Time: 3 years 

Additional Capital Investment: $73,520,000 
(For alternate cooling system only) 

Average Annual Derating: 37MW 
Peak Ambient Temperature Derating: 64MW 

C = $82,966,000 

0c  $ 8,435,000 

= $17,448,000 

Cgt= $11,993,000 

Total Incremental Generating Cost: $120,842,000
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SPRAY POND CLOSED CYCLE ALTERNATE (2G) 

Construction Time: 3 Years 

Additional Capital Investment: $87,550,000 
(For alternate cooling system only) 

Average Annual Derating: 46 MW 
Peak Ambient Temperature Derating: 84 MW 

C. = $98,798,000 1 

0 = $ 3,781,000 c 

= $21,692,000 

C = $15,741,000 

gt 

Total Incremental Generating Cost: $140,1012,O00
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ENVIRONMENTAL COSTS 

1. HEAT DISCHARGE TO NATURAL WATER BODY 

1.1 Cooling Capacity of Water Body 

Alternative 1. Plant As Is 

Environmental Cost: 6350 x 10 6Btu/hr, 42 acre-ft 

The values used to assess this impact are tabulated in Table 1.1-1 

along with values that are needed to estimate the impacts considered under 

Items 1.2 and 1.3. Volumes of water and surface Areas within selected 

isotherms of temperature rise were estimated by scaling data obtained from 

studies (l)with a hydraulic model of the Hudson River near Indian Point.  

The maximum offshore distance reached by the isotherms were also estimated.  

Volumes, surface areas, and offshore distances corresponding to a 4 F temp

erature rise are given in Table 1.1-1 since the New* York standards specify 

an allowable 4 F rise if the ambient river temperature is below 83 F. Also, 

90 F is considered to be biologically significant as well as a maximum tempera

ture permitted by state standards and the surface area within the 90 F isotherm 

is'needed to estimate the impacts considered under Items 1.2 and 1.3. The 

lowest temperature rise to produce a 90 F river temperature is 11 F. However, 

the surface tem perature is never expected to reach 90 F and, therefore, Table 

1.1-1 gives the surfadce area within the 10 F temperature rise isotherm. The 

11 F temperature rise was determined by substracting the maximum ambient temp

erature measured in the river at the cooling water intake of the plant (about 

(lb) 
79 F )from 90 F (90 - 79 = 11). The frequency at which this maximum temper

(la) Information supplied by Consolidated Edison.  
(lb) Testimony of John P. Lawler, Transcript of Hearing on Indian Point 2, 

Session of January 11, 1972, p. 4426, AEC Docket No. 50-247.  
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TABLE 1.1-1. HEAT DISCHARGED TO RIVER PLUS VOLUMES, SURFACE AREAS, AND OFFSHORE 
DISTANCES WITHIN SELECTED ISOTHERMS OF TEMPERATURE RISE:

Heat Volume Surface Area Offshore Distance Surface Area 

Discharged, Within 4 F, Within-4 F, Within 4 F, Within 10 F (c), 

10 Btu/hr acre-ft acres .ft acres 
Units Units Units Units 

(a) Units 1 1 and 2 (b) Units 1 1 and 2 Units 1 1 and 2 Units 1 1 and 2 Units 1 1 and 2 

Alternative and 2 Less I and 2 Less 1 and 2 Less 1 and 2 Less 1 and 2 Less I 

IA OT 8.23 6.35 47 -42 3.0 2.4 590 300 0.5 0.4 

2B NDO 6.96 5.08 34 - 29 2.2 1.6 550 230 0.4 0.3 

2C MDO 6.96 5.08 34 29 2.2 1.6 550 230 0.4 0.3 

2D SPO 6.96 5.08 34 29 2.2 1.6 550 230 0.4 0.3 

2E NDC 2.08 0.203 5 0 0.6 0 290 0 0.1 0 

2F MDC 1.98 0.107 5 0 0.6 0 290 0 0.1 0 

2G SPC 1.94 0.053 5 0 0.6 0 290 0 .0.1 0

(a) OT 
NDO 
mDO 
SPO 
NDC 
MDC 
SPC

Once-Through Cooling 
Natural Draft Cooling Tower, Open Cycle 
Mechanical Draft Cooling Tower, Open Cycle 

Spray Pond, Open Cycle 
Natural Draft, Cooling Tower, Closed Cycle 
Mechanical Draft, Cooling Tower, Closed Cycle 
Spray Pond, Closed Cycle.

Drift assumed to be 0.0025 percent of cooling water flow for natural draft towers, 0.1 

towers, and 1 percent for spray ponds.

percent for mechanical draft

(b) Difference of effect when operating both Units 1 and 2 less effect when operating Unit 1 alone. This terminology is 
used rather than state Unit 2 alone because Unit 2 will not normally operate alone. When Unit 1 is out of service, 

its circulating water pumps will still be operating.  

(c) The highest ambient river temperature is 79,F. Since 90 F is considered to be biologically significant, the 

minimum temperature rise that will produce a 90 F temperature is 90 - 79 = 11. Since the surface temperature is 
never expected to reach 90 F, the area within the 10 F temperature rise was considered.
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ature may occur is about once or twice out of every four years.  

Theoretical studies with simple momentum jets (1)indicate that 

the ratio of initial temperature rise to a specified temperature rise is 

one of the principal parameters in determining the volume of. water and 

surface area enclosed within the specified temperature rise. Another 

important parameter is the width or diameter of the jet orifice which is 

usually considered proportional to the square root of the jet cross-sectional 

area. In order to arrive at the correct scaling rule, the hydraulic model data 

were plotted as a function of the ratio of temperature rise. Data from the 

mathematical jet model, as reported by QLM~l) were also plotted. These 

plots and the theoretical studies indicated that the volume scaling should 

be approximately propor tional to the square of the temperature ratio and the 

3/2 power of the jet cross-sectional area at the lower values of temperature 

rise, i.e., the area of interest. The surface area also scaled with the 

square of the temperature ratio but scaled directly (first power) with the 

jet cross-sectional area at the lower values of temperature rise. The 

offshore distance scaled with the square root of both the temperature ratio and 

the jet cross-sectional area. The anchor values upon which the scaling is based 

were obtained from the hydraulic model data for conditions of an initial temp

erature rise of 14.5 F, a river current of 0.8 ft/sec~during ebb tide, and a 

cooling water flow of about 1,170,000 gpm. These conditions gave the maximum 

(1c) D. W. Pritchard,, "Design and Siting Criteria for once-Through Cooling 
Systems". Paper No. 266 presented to 68th National Meeting of the 
American Institute of Chemical Engineers at Houston,, Texas, March 2, 1971.  

(1d) "Effect of Submerged Discharge of Indian Point Cooling Water on Hudson 
River Temperature Distribution". Report of Quirk, Lawler, and Matusky 
Engineers to Consolidated Edison Company, October, 1969. (Appendix M 
of Environmental Report Supplement No. 1).
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volumes and surface areas within given isotherms in the model studies. Also, 

this temperature rise and cooling water flow are close to the values expected 

for the combined operation of Units 1 and 2 with once-through cooling. The 

expected values are 13.8 F initial temperature rise and 1,188,000 gpm cooling 

water flow.  

The values chosen from Table 1.1-1 to represent' the environmental 

costs under Item 1.1 were selected with the consideration that Unit 1 is 

present-ly operating with once-through cooling and will continue to operate 

in-that manner regardless of the method of operating Unit 2. Therefore, 

the values selected correspond to the difference of the combined effects of 

operating both Units 1 and 2 less the effects of operating Unit 1 alone.  

Also, since the :4 F temperature rise is the standard which applies, these 

volumes were selected to represent the environmental costs. Thus, 6350 x 

106, Btu/hr would be discharged to the present discharge canal from Alternate 

1 for Indian Point 2. Unit No. I also uses this canal, discharging another,., 

1880 x 106 Btu/hr. The total volume encompassed within the 4 F rise is 

47 acre-ft of which 42 acre-ft is attributed to Unit No. 2.  

Alternative 2. Minimum Water Impact 

Environmental Cost: 203 x 106 Btu/hr,--O acre-ft 

Table 1.1-1 lists the estimated heat inputs and volumes for all 

the various subalternates evaluated for Alternate 2. The procedures employed 

were as described above for Alternate 1 and these were repeated six times 

for the various subalternates: 2B--Natural Draft Cooling Towers, Open 

Cycle; 2C--Machanical Draft Cooling Towers, O?en Cycle; 2D--Spray Pond, 

Open Cycle; 2E--Natural Draft Cooling Towers, Closed Cycle; 2F--Mechanical
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Draft Cooling Towers, Closed Cycle; and 2G--Spray Pond, Closed Cycle. The 

values chosen to represent the environmental cost for Alternate 2, Minimum 

Water Impact, are those for Alternate 2E and 2F, although the amount of 

heat to be introduced from Alternate 2G would be less. In either case, the 

quantity to be introduced is almost negligible.when compared to the heat 

being dissipated from Unit 1. The volume within the 4 F temperature rise 

that could be attributed to Unit 2 is near zero for all closed cycle sub

alternates (2E, 2F, and 2G).  

The selection of a closed cycle cooling tower suboption rather than 

the closed cycle spray pond to represent Alternate 2 was based upon the signi

ficantly higher consumption of water caused by excessive drift -from the spray 

pond. The total water consumption,* drift plus evaporation, of closed cycle 

cooling tower arrangements is estimated to be 15,000 gpm (0.1% drift) for 0 
mechanical draft and 14,000 gpm (0.0025% drift) for natural draft while that 

from a closed cycle spray pond will be between 23,000 gpm (1 percent drift) 

and 58,000 gpm (5 percent drift). This extra water consumption, 9,000 gpm to 

44,000 gpm, represents a significant loss of water. The choice between the 

mechanical draft and natural draft towers for the minimum water impact 

alternate was then made, as described previously. None of the open-cycle 

subalternates were selected because each would discharge substantial 

quantities of heat (see Table 1.1-1) into the water body.  

Alternative 3. Minimum Land/Air Impact 
Alternative 4. Plant License Request 

These are identical to Alternative 1.
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1.2 Aquatic Biota 

Alternative 1. Plant As Is 

Environmental Cost: 0.24 lb Alewife/year, 0.03 lb Bay Anchovy/year, 

1.00 lb American Shad/year, 0.03 lb Carp/year, 0.47 lb American Eel/year, 

0.10 lb Hogchoker/year, 0.04 lb Blueback Herring/year, 0.01 lb Atlantic 

Sturgeon/year, 0.31 lb Striped Bass/year, 0.57 lb Atlantic Tomcod/year, 

0.19 lb White Catfish/year, 2.9 lb White Perch/year. (See note next page.) 

The productivity as reflected by the standing crop of the Hudson 

River fishery from Croton Point to the Bear Mountain Bridge, which includes 

the Indian Point area, was estimated using fish catch data from ecological 

(le) d (if).trwinsufc surveys and from commercial catch data Bottom trawling, surface 

trawling, and beach seining were utilized to obtain fish in the ecological 

surveys. Fish in these collections were predominantly young of the year and 

yearlings. These collections were made throughout the year. The monthly 

catches by these various methods were averaged for the 12-month period of 

August 1969 through July 1970. The number of fish per unit of area was 

obtained by dividing the catch data by the area trawled (about one acre) 

or seined (0.017 acres) (g) . The average weight of fish species was calculated 

from the raw catch data from July 1970. By multiplication, pounds of fish per 

acre by species was obtained. These data are presented in Table 1.2-1. The 

total surface area of the region from Croton Point* to Bear Mountain Bridge 
(1h) 

is 13,140 acres and the surface area of a depth less than six feet is 

2,380. The difference, 10,760 acres, is considered to be the area of the 

(le) Information supplied by Consolidated Edison.  
(If) Clark, J. R. and S. E. Smith, 1969. Migratory Fish of the Hudson River 

Estuary. In Hudson River Ecology, Proc. of Second Symposium on Hudson 
River Ecology, Sterling Forest, Tuxedo, New York. October, 1969. pp.  
293-319.  

(1g) Reference (le) used a 75-foot seine initially and then switched to a 
lO0-foot seine. They seined out to about 10 feet offshore so that initially 
750 ft2 (0.017 acres) and finally 1000 ft2 (0.023 acres) were covered. The 
lower number is used throughout to overestimate the fishery.  

(lh) Areas determined by planimeter on a U.S. Geological Survey Map, scale 
I inch = 2,000 ft.  S3-25
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NOTE: These costs are in conformance with assumptions made in 
the guidelines. our studies indicate the costs will be 
zero in that fish will not be adversely affected by the 
thermal plume.
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TABLE 1.2-1. ESTIMATED AN~NUAL OPEN WATER FISH PRODUCTIVITY (AS REFLECTED BY STANDING CROP) 
OF THE HUDSON RIVER FROM BEAR MOUNTAIN BRIDGE TO CROTON POINT, 
10,760 SURFACE ACRES

Bottom Fishery Surface Fishery 

Average Weight (a) Total lb Average Weight Total lb 
Species, of Fish Caught g No/Acre lb/Acre In Region of Fish Caught g No/Acre lb/Acre In Region 

Alewife 13.0 24 0.69. 7,384 5.3 7 .08 878 
Bay Anchovy 2.8 129 .0.79 8,549 0.02 104 .005 49 
American Shad 5 0(b negligible 0 0 0.59 negligible 0 0 
Brown Bullhead ND () negligible 0 0 0 0 0 
Carp ND negligible 0 0 ND negligible 0 0* American Eel 64.0 8 1.13 12,119 1.0 negligible 0 0 
Hogchoker 4.6 24 0.24 2,613 ND negligible 0 0 
Blueback Herring 6.6 9 0.13 1,406 1.6 10 .35 .3,766 
White Sucker ND negligible 0 0 ND negligible 0 0 
Atlantic Sturgeon 59.4 negligible 0 0 0 "0 .0 
Striped Bass 2.4 29 0.15 1,647 0.22 1 .0005 5.2 
Atlantic Tomcod 8.9 71 1.39 14,957 ND negligible 0 0 
White Catfish 188.6 1 0.41 4,464 ND negligible 0 0 
White Perch 44.4 75 7.33 78,818 ND negligible 0 0 

(a) Average weights of fish species were calculated from new catch data from July 1970.  

(b) ND = insufficient data available for estimating average weight.
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open. water fishery while the near shore fishery of the area is considered to 

be approximated by the 2,380 acres. Data on average weight of fish species, 

number of fish/acre, pounds of fish/acre, and total pounds of fish in the 

region is presented for the near shore fishery in Table 1.2-2.  

Since the data from the ecological surveys were on predominantly 

young fish, data on the commercial catch of the Hudson River- were considered (if) 

The four-year average catch of commercial species between 1965 and- 1968 was 

considered to come from the Hudson River south of the Troy Dam. To estimate 

fish/unit area, this total area (78,044 acres) was considered to have a homo

geneous fishery. From the data on pounds per species in the commercial catch, 

the area of the fishery, and the area near Indian Point (13,140 acres), esti

mates were obtained by sp Iecies on commercial catch in pounds/acre and in pounds 

in the Indian Point area. This data is summarized in Table 1.2-3. In this 

table, the estimates on pounds of fish/acre obtained from the ecological surveys 

and from the commercial catch data were combined to obtain the total weight of.  

fish/acre by species. These numbers are considered representative of the open 

water fishery in the Indian Point area of the Hudson River as estimated from 

the best available data.  

Two environmental costs are estimated: (1) that portion of the 

bottom and surface fishery within the 89 F isotherm, and (2)' that, portion 

of the fishery within the 4 F rise. Consideration is restricted to the open 

water fishery. The discharge occurs at a depth well in excess of six'feet 

through the existing Unit No. 1 canal and is directed toward midstream.. The 

pounds of fish for each species-within the two selected isotherms are calculated.  

assuming a uniformly distributed fishery. These data are presented in Table 

1.2-4.

S3-28



TABLE 1.2-2. ESTIMATED ANNUAL NEAR SHORE FISH PRODUCTIVITY (AS REFLECTED BY STANDING CROP) OF THE HUDSON RIVER.FROM BEAR MOUNTAIN BRIDGE TO CROTON POINT, 
2,380 SURFACE ACRES

Near Shore Fishery 

Average Weight(a) Total lb 
Species of Fish Caught No/Acre lb/Acre In Region 

Alewife 2.0 700 3.08 7,330 
Bay Anchovy 3.1 154 1.05 2,499 
American Shad 5 1 (b) 25 .28 668 
.BrownBullhead ND .. negligible 0 0 
Carp ND negligible 0 0 
American Eel 47.0 15 1.55 3,691 
Hogchoker ND negligible 0 0 
Blueback Herring 1.8 445 1.76 4,194 
White Sucker ND negligible 0 0 
Atlantic Sturgeon 0 0 0 
Striped Bass 3.6 870 6.89 16,397 
Atlantic Tomcod 6.8 20 .30 712 
White Catfish ND negligible 0 0 
White Perch 11.9 952 24.92 59,310 

(a) Average weights of fish species were calculated from raw catch data from July 1970.

(b) ND = insufficient data available for estimating average weight.



TABLE 1.2-3. ESTIMATED TOTAL OPEN WATER FISH PRODUCTIVITY (AS REFLECTED BY STANDING CROP) 
OF THE HUDSON RIVER FROM BEAR MOUNTAIN BRIDGE TO CROTON POINT, 

10,760 SURFACE ACRES(a)

AverageAnnual(b) Average Annual (c )  Average Annual 
Young Fish Catch Commercial Catch Total Fish Catch Total lb Fish 

Species lb/Acre lb/Acre lb/Acre In Region 

Alewife 0.49 0 .12 (d) 0.61 9,776 
Bay Anchovy 0.08 0.08 8,598 
American Shad 0 2.52 2.52 32,195 
Brown Bullhead 0 0 0 57 
Carp 0 0.08 0.08 1,084 
American Eel 1.12 0.05 1.17 12,773 
Hogchoker 0.24 0.24 2,613 
Blueback Herring 0.09 0.09 1,406 
White Sucker 0 0.01 0.01 87 
Atlantic Sturgeon 0 0.02 0.02 299 
Striped Bass 0-015 0.63 0.78 9,688 
Atlantic Tomcod 1.39 0.03 1.42 15,284 
White Catfish 0.41 0.07 0.48 5,380 
White Perch 7.33 0.03 7.36 79,142

(a) Sport fisheries catches data was not available for these estimates.  

(b) Data from ecological survey.  

(c) Data from Clark and Smith (1969).

(d) Commercial catch of Alewife and Blueback Herring were lumped together in Clark and Smith (1969).
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It is assumed that the entire water column from surface to bottom is en

compassed by the isotherms which overestimate the effect. Temperature of 890F 

is selected as a conservative maximum for these fish, while the 4
0 F temperature 

rise isotherm corresponds to state standards. The numbers within the 

89 F isotherm are considered to be the potential environmental costs.  

Alternative 2. Minimum Water Impact.  

Environmental Cost: ^-,0 

The procedural details for the calculations are as described in the 

section for Alternative 1. The environmental cost of approximately zero is 

appropriate to the subalternate cooling system chosen, 2E, natural draft 

cooling towers, to minimize water impact. Table 1.2-5 illustrates the portion 

of the surface and bottom fisheries which would be within the 89 F and 4 F 

temperature rise isotherms for open cycle cooling (Alternatives 2B, C, and D).  

The estimated areas within the isotherms for closed cycle cooling towers are 

negligible.  

Alternative 3. Minimum Land/Water Impact 

Alternative 4. Plant License Request 

These are identical to Alternative 1.  

1.3 Migratory Fish 

All Alternatives 

Environmental Cost: 0
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TABLE 1.2-4. ESTIMATED POUNDS OF FISH PER YEAR WITHIN THE VOLUME OF THE HUDSON RIVER 
THAT WOULD BE ENCOMPASSED BY SELECTED ISOTHERMS - ALTERNATE IA

Pounds of Fish Per Year 

89 F.Isotherm 4 F Temperature Rise 

Species Acres Affected = 0.4- Acres Affected = 2.4 

Alewife 0.24 1.46 

Bay Anchovy 0.03 0.19 
American Shad 11i.00 6.05 

Brown Bullhead 0 0 
Carp 0.03 0.19 
American Eel 0.47° 2.81 
Hogchoker 0.10 0.58 
Blueback Herring .O.04- 0.22 
White Sucker 0 0.02 
Atlantic Sturgeon 0.01 0.05 
Striped Bass 0.31.. 1.87 
Atlantic Tomcod 0.57 3.41 

White Catfish 0.1.9 1.15 
White Perch 2.94 17.66



0

TABLE 1.2-5. ESTIMATED POUNDS OF FISH PER YEAR WITHIN THE VOLUME OF THE HUDSON RIVER 
THAT WOULD BE ENCOMPASSED BY SELECTED ISOTHERMS - ALTERNATE IA

Pounds of Fish Per Year 
89 F Isotherm 4 F Temperature Rise 

Species Acres Affected = 0.3 Acres Affected = 2.4 

Alewife 0.18 0.98 
Bay Anchovy 0.02 0.13 
American Shad 0.76 4.03 
Brown Bullhead 0 0 
Carp ,0.02 0.13 
American Eel 0.35 1.87 
Hogchoker 0.07 0.38 

Blueback Herring 0.03 0.14 
White Sucker 0 0.02 

Atlantic Sturgeon 0.01 0.03 
Striped Bass 0.23 1.25 
Atlantic Tomcod 0.43 2.27 
White Catfish 0.14 0.77 
White Perch 2.21 11.78



2/72

In all cases under consideration, the anticipated plumes of a 4 F 

isotherm, do not extend across the Hudson River. The maximum situation for0 

the once-through cooling system (Alternative 1) would have the 4 F isotherm 

extending 590 feet, or less than 1/5 of the way across the Hudso n River.  

Alternative 2E (NDC) results in the 4 F isotherm reaching only 290 feet from the 

east shore. These numbers were obtained by scaling as described in Section 1.1.  

The scaling law obtained was proportional to the square root of the ratio of 

initial rise to the temperature rise of interest.
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2. EFFECTS ON WATER BODY OF INTAKE STRUCTURE AND CONDENSER COOLING SYSTEM 

2.1 Primary Producers and Consumers 

Alternative 1. Plant As Is 

Environmental Cost: 3.7 x 10 lb microzooplankton/year 

Experimental data for phytoplankton and microzooplankton relative 

to this effect have been obtained and projections(2a) made for cases of 

interest. Phytoplanktonic organisms are anticipated to be killed only as a 

result of chlorination and in make-up water for other Alternatives. Based on 

this information, no environmental cost of phytoplankton will result from 

Alternative 1. Samples of microzooplankton consisting of 84% adult copepods, 

12.2% cladocera, 2.7% barnacle larvae, and 1.1% copepod nauplii were air dried 

at 50 C and weighed to estimate the weight of an individual microzooplankton.  

This estimate (1.14 x 10- 5 grams) was used to calculate the approximate micro

13 zooplankton kills per year resulting from Alternative 1 (1.48 x 10 x 

-5 5 1.14 x 10 /454.6). The estimated kill is 3.7 x 10 lb/yr of microzoo

plankton. The number 6f organisms per year estimated to be killed in reference 

2a is shown in Table 2.1-1. These estimated impacts represent minuscule 

fractions of the total capability of the ecosystem to replenish them and as 

such are negligible. Such minor impacts would not be expected to cause any 

significant shifting in the species present.  

Alternative 2. Minimum Water Impact 

4 Environmental Cost: 1570 lb phytoplankton/year, 3.1 x 10 lb 

microzooplankton/year.  

(2a) Information supplied by Consolidated Edison.  
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The environmental cost selected for this Alternative is that attri

buted to subalternative 2E, natural draft closed cycle cooling towers, in 

reference 2a. Table 2.1-1 is from reference 2a, showing numbers of organisms 

4 expected to be killed yearly from entrainment. The weight 3.1 x 10 lb micro

:zooplankton/year was estimated as described under Alternative 1. The weight 

of 1570 lb/year of phytoplankton was estimated by considering the weight 

of an individual phytoplankton to be one nanogram. Calculations on single 

cells of blue-green algae resulted in an average cell weight of I0-11 . A 

nanogram per phytoplanktonic organism is considered to be a conservative 

estimate. The only reason for phytoplankton kill under Alternative 2E 

is in the use of make-up water for the cooling tower.  

TABLE 2.1-1. ESTIMATE OF ORGANISM ENTRAINMENT 
EFFECTS

(2a )

Kills/year (10 13) 

Alternatives
1A 2E, F 2B, C 2D 2G 

Phy t oplankton 0 71.2 2.7 107.8 165 

Microzooplankton 1.48 0.124 1.49 1.67 0.288

Alternative 3. Minimum Land/Water Impact 
Alternative 4. Plant License Request 

These are identical to Alternative 1.
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2.2 Fisheries 

Alternative 1. Plant As Is 

Environmental Cost: 0

While data has been collected daily since April 1970 on the small. fingerling fish 

impinged on the screens at Indian Point 1(see table 2.2-1 for total annual impingement) 

and there is limited data on the operation of pumps for Indian Point 2, this data is in

sufficient to predict impingement on the screens at Indian Point 2 during steady-state 

operation. Records of fish impingement at Indian Point clearly- indicate that there is' 

a relationship between the numbers of fish impinged on the screens, the velocity and 

volumes of cooling water flow, the fish density in front of the screens, the water tem

perature, perhaps the season of the year and the physiological condition of the fish.  

There are also indications that at low water temperatures, the slight rise in ambient 

river temperatures in the immediate vicinity of the plant due to the thermal discharge 

from Indian, Point No. .1 may attract- fish to the -vicinity of the plant. Thus far we have 

been unable to quantify the interrelationship of these variables. Relating fish impinge

ment at Indian Point No. 2 to the relative volumes of cooling water flow at Indian Point 

Nos. 1 & 2 is reasonable only if assumptions -are made that the supply of fingerlings is 

infinite and the densities and condition of the fish in the vicinity of the plant are unaf

fected by plant operations. Such assumptions are invalid for this purpose. For 

example, if a school of fish migrating northward is impinged on the screens at Indian 

Point 1, it is unreasonable to assume that three times as many fish will be impinged 

on the screens of Indian Point 2 because the school.*will have been depleted before it 

arrives there.  

The experience during the winter of 197 1-72 with impingement at I. P. No. 1 

is substantially improved over last year reflecting in part an improved discharge 

structure (which is in the pr ocess of further improvement) and improved screen clean

ing methods. Less ice cover may also have some bearing on this experience. An air 

curtain currently being tested also gives preliminary indications of further reductio n 

in fish impingement.  

The impingement at the intakes of Indian Point No. 2 operating alone at Indian 

Point No.. 1 rates of -circulation can be expected to be less than the impingement rates
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Table 2.2-1. Total Annual Impingement of Fish (estimated) at Indian Point Unit 1 

Species Total Number of Fish 

White Perch 454859 

Striped Bass 20367 

Tomcod 29419 

Herrings (blueback & alewife) 15841 

Bay Anchovy 11881 

Other 33943 

566310 

Notes: 

1. Estimate based on days with complete counts and assumes that 
plant operates 365 days/year. Operation of plant in December, 
January, February and March was at reduced flow (60% of full flow).  

2. Total number of each species was obtained by applying data on per 
cent composition of catch from samples taken throughout the year 
to the total estimated impingement.  

3. The actual total impingement is considerably less than the esti
mated because there are many days when the plant is not operating 
or is operating only a single main pump.  

4. These fish average approximately 2 inches in length and 0.4 ounces 
in weight.  

at Indian Point No. 1. The intakes at Indian Point No. 2 are further removed from the 

thermal influence from the discharge canal, and the control gates being installed on the 

discharge ports to permit maintaining a 10 foot per second discharge velocity will 

improve mixing and reduce temperature differentials in the plume. There is no dock in 

front of Indian Point No. 2 that may shelter and attract fish. The screen cleaning 

mechanism at Indian Point No. 2 will be greatly improved over the mechanism at In

dian Point No. 1 during the period in which the data was collected. Other improve

ments to the Indian Point No. 2 design are discussed in the Environmental'Report 

Supplement No. 1. Accordingly, it is reasonable to expect a lower total impingement
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at Indian Point No. 2 per unit of cooling water than at Indian Point No. 1. However, 

it is reasonably anticipated that there will be fishes impinged at the intake screen of 

Indian Point No. 2, perhaps in numbers greater than experienced in the recent past at 

Indian Point No. 1. The data being collected at Indian Point No. 1 will be similarly 

collected at Indian Point No. 2 as a part of the Hudson River ecology study to provide 

a better understanding of the interrelationships of the many variables.  

The methodology by which the data available can be used to quantify or even 

demonstrate the relationship between the fish impingement at Indian Point 1 and 2 and 

the fishery resources is not yet complete. Again there are many variables which 

affect fish population: fecundity, sex ratio, m aturation, mortality as influenced by 

food, temperature, rainfall and runoff, salinity and water quality. A very high mor

tality occurs naturally to young fishes. A great abundance of striped bass has been 

reported in the Hudson River throughout the last decade. To attribute this great 

abundance to the operation of Indian Point No. 1 since 1962 would be presumptuous.  

It would be equally presumptuous to attribute to Indian Point No. 1 operation an o ppo

site trend were such to be identified. Further there is clear evidence that the opera

tion of Connecticut Yankee has not had any discernible effect on the Connecticut River 

Fishery. Our best judgment is that we can expect that the operation of Indian Point 

No. 2 will similarly have no adverse effect on the Hudson River Fishery. In order to 

confirm this expectation the Company has asked the Hudson River Policy Committee 

to conduct a ten. million dollar five-year study of the effect of Indian Point operations 

on the Hudson River fisheries to supplement the data earlier collected under the direc

tion of Raytheon. This study is currently underway.  

The Company has sought the advice of leading aquatic biologists and engineers..  
in an attempt to evaluate the impact of its operations on the Hudson River Fishery 

and to devise methods to minimize that effect~ b They have helped guide the Company 

in the development of the plan of study referred to above and have continuously moni

tored data as it was collected. It is their professional view as expressed by Dr.  
Gerald Lauer at the Indian Point No. 2 Atomic Energy Commission hearings on 12 

January 19 72 (2) that: "I personally and the members. individually and collectively;* 

based on their professional experi ence, feel that the operation of units 1, 2 and even 3
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at Indian Point would have no significant effect on the fisheries.- on the fish popula

tions in the Hudson River." On the basis of the best scientific information and advice, 

we anticipate no significant environmental costs arising out of fish impingement on the 

screens at Indian Point No. 2.  

Alternative 2. Minimum Water Impact 

Environmental Cost: 0 

Alternative 2E, natural draft, closed cycle cooling towers will result in a signi

ficant reduction in numbers of fish impinged annually due to a reduction in the volume 

of cooling water withdrawn. The net effect will be no change in environmental costs 

which will remain at zero.  

Alternative 3. Minimum Land/Water Impact 

Alternative 4. Plant License Request 

These are identical to Alternative 1.  

(2b) Composition of Fish Advisory Board 

1 - Dr. Merril Eisenbud (Chairman), Director, Institute of Environmental 
Medicine, New York University, New York.  

2 - Dr. Gerald Lauer (Scientific Secretary), Assistant Director, Institute of 
Environmental Medicine, New York University, New York.  

3 - Dr. Gwyneth Howells (Member), Ecological Consultants.  
4 - Dr. Edward Raney (Member), Ichthyological Associates, Inc.  
5 - Mr. Herbert Riesbol (Member), Bechtel Associates, San Francisco.  
6 - Dr. James T. McFadden (Member), Dean, School of Natural Resources, 

University of Michigan, Ann Arbor.  
7 - Mr. Albert Hall (Non-Voting Member), New York State Department of 

Environmental Conservation.  

(2c) Transcript, USAEC Hearings on Indian Point Unit No. 2, 12 January 1972,0 
page 4701.
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2.3 Entrainment of Fishes and Larvae 

The published information on the effect of the passage of fishes and fish larvae 

through the condensers of a power plant shows such disparate results that it is not pos

sible at this time to predict the effect that Indian Point No. 2 will have in this regard.  

A study was conducted by Kerr in 1953 on the Contra Costa steam generating plant 

near Antioch, California, on striped bass and small Chinook salmon. The results from 

these experiments, preliminary tests and other data gathered during the course of this 

research program indicated that small striped bass and Chinook salmon could pass 

through the plant with a high survival rate. Studies in England conducted by Markowski 

indicated that fishes pass through operating condensers with minimum mortalities.  

A study conducted in 1971 by Marcy on the Connecticut Yankee atomic power 

plant on the Connecticut River reported the survival of organisms at three stations 

along a discharge canal approximately 1. 14 miles long. Connecticut Yankee operates 

at a higher temperature rise than does Indian Point No. 1 or No. 2. At these higher 

temperatures no living larvae or juveniles were taken at the lower end of the canal 

during the entire experiment. When the canal temperature rose above 950 F, 100% 

mortality occurred at the beginning of the canal.  

Although temperatures in the Indian Point outfall are rarely expected to exceed 
950 F, the temperature increase through the condensers is lower and the retention 

times are shorter, we expect there will be some mortality associated with the en

trainment. However, Con Edison believes it is premature to state a quantitative 

estimate of survival until it completes a testing program which will establish the rate 

of survival of these organisms. This program of necessity must be conducted at the 

time of the year when eggs and larvae are present in the area of Indian Point. This 

program has just commenced and will continue throughout the coming spring and 

summer.  

The environmental cost associated with the relationship of entrained organisms 

and the population of adult fishes in the Hudson River will be more difficult to obtain.  

This will require an analysis of many other variables which affect the fish popula

tions of the river.
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3. CHEMICAL DISCHARGE TO WATER BODY 

The chemicals which will be discharged from Indian Point Unit 2 

(and Unit 1) are identified and the amounts to be released are described 

in the Environmental Report, Supplement No. 1 

3.1 People 

Alternative 1. Plant As Is 

Environmental Cost: 0 days 

As noted in the Indian Point Unit 2 Environmental Report, Supple

ment 1(3b), the Hudson River waters at Indian Point are classified as 

"Class SB" by New York State, but quality standards are phrased in terms of 

general criteria rather than specific numbers. Based on results of recent 

bioassay studies and on recommendations of the New York State Department of 

Environmental Conservation, Consolidated Edison has proposed discharge con

centration limits for chemicals used at Indian Point Units 1 and 2 (3c) 

These limits are very conservative for five different reasons described in 

(3d) 
the report 3 . Therefore, achievement of the limits should cause no 

observable detrimental effects on the recreational use of the water body.  

The degree to which these company-imposed limits will be met are indicated 

in Table 3.1-1.  

Alternative 2. Minimum Water Impact Design 

.Cooling Subalternative 2E 

Environmental Cost: 0 days 

(3a) Consolidated Edison, "Indian Point Unit 2 Environmental Report, Supple
ment 1" (September, 1971), p. 2.3.4-1.  

(3b) Ibid, p. 2.3.4-4.  
(3c) Ibid, p. 2.3.4-7.  
(3d) Ibid, p. 2.3.4-6. S3-39
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TABLE 3.1-1. PROPOSED*AND EXPECTED CONCENTRATION LIMITS OF 
CHEMICALS AT CONFLUENCE WITH HUDSON RIVER

Chemical 

Phosphate 

Hydrazine 

Cyc 1 ohexy lamine 

Morph o line 

Lithium Hydroxide 

Boric Acid 

Potassium Chromate 

Residual Chlorine 

Sodium Hydroxide (caustic soc 

Sulfuric Acid 

Soda Ash 

Detergent

Proposed Concentration 
Limits, 

ppm 

1.54 

0.1 

0.1 

0.1 

0.01 

50 

0.05 (hexavalent chromium) 

0.5 

da) 10 

10 

5 

1.0

(a) Based on discharges from Unit 2 and a dilution flow of 1.2 million gpm.  

(b) Not applicable for Indian Point Unit 2.  

(c) Information supplied by Con Edison.
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Maximum 
Expected 

Concentrat ion 
(a) 

ppm 

0.042 

0.017 

0.0008 

0.00008 

0.00005 

.23(
c ) 

0.0021 

0.4 

.o!(c) 

(b) 

(b) 

(b)
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Under this alternative plant design nearly all the same chemicals 

and quantities will be discharged as for Alternative 1. However, during 

periods of maximum concentration of dissolved solids in the river (> 4700 ppm 

TDS as CaC03 ), sulfuric acid will be added to the Unit 2 makeup water to 

reduce the bicarbonate level to average concentration. The procedure sub

stitutes sulfate for some of the bicarbonate in the river water that is 

used,' resulting in a small change in TDS and a pH closer to neutral. Ulti

mate discharge to the river occurs via the 13,000 gpm blowdown that is 

required for closed cycle operation. The blowdown flow is chosen on the 

.basis of maintaining a concentration factor of no greater than 2 for TDS.  

Table 3.1-2 summarizes the blowdown flow rates and the resulting salt 

discharges to the river for each of the closed cycle cooling subalternatives.  

The blowdown flow and the discharge of other plant chemicals from 

Unit 2will be mixed with the once through cooling water flow of Unit 1 

(320,000 gpm) before delivery to the river. Thus the TDS content at con

fluence with the river will be higher than that in the river by less than 

(3e) 4%. This is well within the normal variations experienced by the river 

The concentration of the other plant chemicals at the confluence with the 

river will be a factor of 3.75 greater than for Alternative 1 because of 

the reduced dilution flow (0.32 million gpm versus 1.2 million gpm). This 

increase is not considered significant since the anticipated discharge con

centrations would still be well below the proposed limits as given in 

Table 3.1-1. Residual chlorine discharges to the river will be less than 

for Alternative 1 because the blowdown undergoes a factor of 25 dilution 

when mixed with the Unit 1 cooling water flow.
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TABLE 3.1-2. BLOWDOWN AND.SALT DISCHARGES TO THE 

HUDSON RIVER FOR CLOSED CYCLE COOLING 

SUBALTERNATIVES 2E, 2F, AND 2G(a)

Cooling Blowdown Salt 

Subalternative Method Flow Rates Discharged 

RPM gal/yr lbs/yr 

2E Natural Draft Towers 13,100 6.9 x 109 6.3 x 108 

98 
2F Mechanical Draft Towers 12,300 6.45 x 10 5.9 x 108 

2G Spray Pond 4,450 2.33 x 10 2.1 x 108

(a) Infornation supplied by Con Edison.
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Cooling Subalternatives 2B. 2C. and 2D 

Environmental Cost: 0 days 

These subalternatives utilize open cycle operation and so the 

station water flow is essentially the same as for Alternative 1. Chemical 

discharge concentrations will then be the same as for Alternative I (see 

Table 3.1-1.  

Cooling Subalternatives 2F and 2G 

Environmental Cost: 0 days 

These subalternatives are essentially identical, with respect to 

chemical discharges, as subalternative 2E (see Table 3.1-2 for salt and blow

down discharges). Therefore, the environmental impacts will be the same as 

for 2E.  

Alternative 3. Minimum Land/Air Impact Design 

Alternative 4. Plant License Request Design 

Environmental Cost: 0 days 

Since these designs are identical to the plant as is, no change in 

cost occurs.  

3.2 Aquatic Biota 

Alternative 1. Plant As Is 

Environmental Cost: 0 lb/year 

Chemicals expected to be released into the discharge canal are to 

be of sufficiently low concentrations (after dilution by the discharge water) 

so as to protect aquatic biota from lethal or sub-lethal effects due to long 

term or chronic exposure. The 1968 FWPCA Water Quality Criteria Report of 

the National Technical Advisory Committee to the Secretary of the Interior 
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provides recommendations for the'use of bioassays and application factors 

(3 f) to denote safe concentrations of wastes in receiving streams .Bioassay 

work using young-of -the -year white perch and striped bass was conducted to 

(3g) determine the acute toxicity of chemicals used at Indian Point plants 

Based on these results and on recommendations of the New York State Department 

of Environmental Conservation, discharge limits for chemicals used at Indian 

Point Station have been proposed. These limits, which are given in Table 

3.1-1, either meet or are less than concentration limits that would be based on 

recommendations of the FWPCA Report. While the bioassays were limited to 

two species, the results are expected to encompass other species by a consider

able margin of safety. No mortalities would be expected even if all the 

chemicals were to be discharged simultaneously at the concentrations listed 

in Table 3.1-1. These safety margins a re as follows: 

(1) It is possible but extremely unlikely that the entire list 

of chemicals would be discharged simultaneously.  

(2) Not all possible concentrations of each chemical were tested.  

It is entirely possible that somewhat higher concentrations of each chemical 

would have produced no increase in mortalities, so that the permissible 

concentrations would also be higher.  

(3) The largest contributors to acute toxicity ratios are acids 

and bases (caustic soda and sulfuric acid). If these were discharged in 

combinati~on, as they normally are, one would tend to neutralize the toxic 

effect of the other.  

(3f) "Water Quality Criteria", Report of the National Technical Advisory 
C uittee to the Secretary of the Interior, FWPCA, April 1, 1968, 
Washington, D. C.  

(3g) Information supplied by Consolidated Edison.  
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(4) Permissible concentrations were determined by 48-hour exposures, 

while the actual exposure time to the discharge concentrations would be 

momentary due to an almost instantaneous 50% reduction due to dilution as the 

discharge water empties from the canal into the river. This last set of 

factors on the side of safety would appear to be the most substantial of the 

list.  

Alternative 2. Minimum Water Impact Design 

Cooling Subalternative 2E 

Environmental Cost: 0 lb/year 

The discussion provided for Alternative 2 under Section 3.1 

applied to this section as well.  

Cooling Subalternatives 2B. 2C. and 2D 

EnVironmental Cost: 0 lb/year 

The discussion provided for Alternative 2 under Section 3.1 applies 

to this section as well.  

Cooling Subalternatives 2F and 2G 

Environmental Cost: 0 lb/year 

The discussion provided for Alternative 2 under Section 3.1 applies 

to this section as well.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 lb/year 

Since these designs are identical to the present system, no change 

in cost occurs.  
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3.3 Water Quality - Chemical 

Alternative 1. Plant As Is 

Environmental Cost: Zero 

The State of New York has no specific numerical water quality 

standards for the Hudson River in the vicinity of the Indian Point site.  

However, Consolidated Edison has proposed discharge concentration limits 

for chemicals used at Indian Point Units 1 and 2, based on results of bio

assay studies (3,3)on the sensitivity of aquatic species to these chemi

cals. The limits were established on the basis of a discharge flow of 

100,000 gpm at the confluence with the Hudson River as recommended by the 

New York State Department of Environmental Conservation. The discharge 

flow for once through cooling operation of Units 1 and 2 together will be 

about 1,200,000 gpm. The factor of 12 greater dilution under actual operat

ing conditions provides extra assurance that-river dilution of chemical 

discharges will not be needed to meet the proposed limits.  

Alternative 2. Minimum Water Impact Design 

Cooling Subalternative 2E 

Environmental Cost: Zero 

The discussion provided for Alternative 2 under Section 3.1 applies 

to this section also. On this basis insignificant change on water quality 

would occur.
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Cooling Subalternatives 2B. 2C. and 2D.  

Environmental Cost: Zero 

The discussion provided for Alternative 2 under Section 3.1 applies 

to this section also. On this basis insignificant change on water quality 

would occur.  

Cooling Subalternatives 2F and 2G 

Environmental Cost: Zero 

The-discussion provided for Alternative 2 under Section 3.1 applies 

to this'section also. On this basis insignificant change on water quality 

would occur.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative'4. Plant License Request 

Environmental Cost: Zero 

Since these designs are. identical to the present system, no change 

in cost occurs.
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4. CONSUMPTION OF WATER 

4.1 People 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 gal/year 

The Hudson River near and below Indian Point is not used for 

drinking water purposes. The nearest point at which water is withdrawn from 

the river for drinking purposes is the Castle.Point Veterans Hospital 

(4a) which is about 20 miles upstream from the plant site 4 . The Chelsea 

Pumping Station which supplies New York City is located almost 22 miles 

upstream. Thus, none of the above alternatives will- have an effect on drinking 

water supplies. In addition, even though some of the cooling subalternatives 

(from which Alternative 2 was selected) will result in significant water 

consumptions, these also will have no effect on drinking water supplies.  

4.2 Property 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 acre-ft/year 

The Hudson River near and below Indian Point is not used for 

(4a) irrigation purposes . There is a little agricultural and grazing activity 

(4a) Consolidated Edison, "Indian Point Unit 2 Environmental Report, 
Supplement No. 1, September 1971, p. 2.3.2-1.
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within a 15-mile radius of the site (4b); but this activity does not require 

irrigation. Also, the salinity of the river water is usually too high for 

irrigation purposes. Therefore, any water consumption by the above alterna

tives or by the cooling subalternatives (from which Alternative 2 was selected) 

w will have no effect on local agriculture.
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5. CHEMICAL DISCHARGES TO AMBIENT AIR 

5.1 Air Quality Chemical 

Alternative 1. Plant As Is 

Environmental Cost: 2.7.  

Indian Point Unit No. 2, like other nuclear power plants, will 

release no combustion products to the atmosphere as a result of reactor 

operation. It will, however, have two "package boilers" fueled by #6 fuel 

oil (0.3% sulphur) to produce auxiliary service steam for startup and 

service heating. The exhaust from these boilers will be discharged through 

(5a) 
the Unit No. 1 superheater stack 5 . Taking into account the planned reduc

tion in the stack height, the annual average ground level concentrations of.  

sulfur dioxide, nitrogen oxides, and particulates were calculated for the 

emission source based on 6500 hours operation per year. The concentration 

values obtained were 8.1 x 10-4 ppm for SO2, 3.4 x 10-4 ppm for NOx, and 

3 *(5b 0.35 micrograms/m for particulate b) The Federal Air Quality Standards 

to be achieved by 1975 for these three pollutants are; 3 x 10- 2 ppm for SO 
-22 3 

5 x 10 ppm for NO , and 75 micrograms/m for particulates. The annual 

average concentrations estimated for Unit 2 emissions are respectively 2.7%, 

0.68%, and 0.47% of these standard values.  

Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 2.7% 

(5a) Indian Point Unit 2 Environmental Report, Supplement No. 1, September 
1971, p. 2.3.4-10.  

(Sb) Information supplied by Consolidated Edison.  
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These alternative plant designs all incorporate the same "package 

boilers" and so the environmental cost value does not change.  

5.2 Air Quality - Odor 

Alternative 1. Plant As Is 

Environmental Cost: None 

Although a few chemicals of an organic nature are anticipated for 

use in the plant, the amounts will be so small and their concentrations in the 

atmosphere and in discharge waters will be so low that.no perceptible odors 

will be experienced at offsite locations.  

Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: None 

These alternative plant designs are equivalent to the present

system with respect to lack of discharge of offending odors.
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6. SALTS DISCHARGED FROM COOLING TOWERS 

6.1 People 

Alternative 1. Plant As Is 

Environmental Cost: 0 gal/year 

This alternative uses once through cooling and consequently has 

no loss of water due to drift. Therefore, no salt discharges to the land

scape occur and no threat to ground water can be identified.  

Alternative 2. Minimum Water Impact Design 

In order to assess this impact, it is necessary to first have 

estimates of the salt deposition resulting from the cooling alternatives.  

These values are tabulated in Table 6.1-1 for the sector having the highest 

deposition and for the entire area between radii of0-1, 1-2, 2-3, 3-4, 4-5, 

and 5-10 miles of the site. These values were calculated using (1) estimates(6a) 

of salt deposition already obtained for natural draft cooling towers calculated 

for Indian Point and (2) the factors (6a)employed to estimate the 

dispersion of airborne radioactivity from the site. The radioactivity factors 

were also used in Section 9 to calculate radiation doses and in Section 11 to 

calculate fogging and icing.  

The theoretical equations used to estimate salt deposition are based 

on equations developed for estimating the dispersion and deposition of radio

activity from elevated stacks(6b). The important parameters in these equa

tions are (1) the salt discharge rate into the atmosphere, (2) the effective 

(6a) Information supplied by Consolidated Edison.  
(6b) I. Van der Hoven, "Deposition of Particles and Gases" in "Meteorology 

and Atomic Energy", D. H. Slade, ed., U. S. AEC Report No. TID-24190 
(July 1968).  
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height of the plume, (3) the distance from the source, and (4) the average 

ambient weather conditions which include the stability, the wind velocity, 

and the wind direction. The factors for estimating the dispersion of air

borne radioactivity are ratios of the ground-level concentration of atmos

pheric radioactivity at a given point to the rate of radioactivity discharge 

from the site. Deposition is assumed to be proportional to ground-level 

concentration so these factors are also applicable to estimating-salt deposi

tion. However, the factors (6a) were calculated for a ground-level release 

and for an effective plume height of about 290 feet. These effective heights 

for radioactivity are, of course, not applicable to the cooling towers. The 

theoretical equations indicate the logarithm of the radioactivity factor at 

a given location should be proportional to the square of the effective plume 

height, and this scaling was used to correct the radioactivity factors for 

the effective plume heights corresponding to the mechanical draft cooling 

towers (about 400 feet). The spray ponds are essentially ground-level releases 

while the effective plume heights for natural draft towers are in excess of 

1000 feet and this would require extrapolation beyond the confidence of the 

scaling.  

Because of the difficulties in extrapolating the radioactivity 

factors to the plume heights of natural draft towers, these factors could 

not be used with confidence to calculate the salt deposition from the towers.  

The earlier estimates of salt deposition were for natural draft towers but 

these estimates( 6a) were only for the sector showing the maximum deposition 

rates and were based on different salt discharge rates from the tower. These 

earlier estimates( 6a ) were scaled with the salt discharge rates shown in Table 

6.1-1 for natural draft towers in order to obtain the depositions for the 

maximum sector. The scaling was directly proportional to the discharge 

rate. In order to estimate the average deposition rate for the entire area 
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TABLE 6.1-1. SALT DEPOSITION RATES

Salt -Salt Deposition Rates, lb/(acre-year) 
Discharge 0-1 miles 1-2 miles 2-3 miles 3-4 miles 4-3 miles 5-10 miles 

Alternative(a) Rate, Maximum Entire Maximum Entire Maximum Entire Maximum Entire Maximum Entire Maximum Entire 
eb/year Sector Circle Sector Circle Sector Circle Sector Circle Sector Circle Sector Sector 

IA OTC 0 0 0 0 0 0 0 0 0 0 0 0 0 

2B NDO 5.4 x 10 0.1 0.01 0.4 0.05 1 0.1 1.3 0.1 1 0.1 0.2 0.02 

2C MO 2.1 x 10
7  

212 64 101 30 48 14 28 9 18 6 6 3 

2D SPO 2.1 x 108 2.6 x 105 1.0 x 105  
0 0 0 0 0 0 0 0 0 0 

2E NDC 1.1 x 106 0.3 0.02 0.8 0.07 1.8 0.2 2.7 0.3 2 0.2 0.4 0.03 

2F MC 4.2 x 10
7  

423 127 202 60 95 29 57 17 35 12 13 6 

20 SPC 4.2 x 108 5.2 x 105 2.1 x 105 0 0 0 0 0 0 0 0 0 0 

(a) OT Once-Through Cooling 
NDO Natural Draft Cooling Tower, Open Cycle 
MDO Mechanical Draft Cooling Tower, Open Cycle 
SPO Spray Pond, Open Cycle 
NDC Natural Draft Cooling Tower, Closed Cycle 
MDC Mechanical Draft Cooling Tower, Closed Cycle 
SPC Spray Pond, Closed Cycle.  

Drift assumed to be 0.0025% of cooling water flow for natural draft 
towers, 0.1% for mechanical draft towersand 17. for spray ponds.
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within given radii, the radioactivity factors werescaled to the effective 

plume height corresponding to the natural draft towers. The average factor 

for all the sectors within the given radii was calculated and the ratio of 

this average factor to the factor for the maximum sector within the given radii 

was determined. This ratio was then multiplied by the salt deposition rate 

for the maximum sector to provide the estimate of the average deposition 

rate. The calculation of this ratio did not require as much confidence as 

the direct calculation of the deposition rate so that the scaling with plume 

height was satisfactory for this purpose.  

The salt deposition values for the mechanical draft towers and the 

spray ponds were calculated as the product of a salt discharge rate, a deposi

(6a) 
tion velocity equivalent to 5 cm/sec 6 , and the radioactivity factor for 

the given sector and distance from the site. The salt discharge rate used 

for the 0-1 mile distance was the value at the tower or pond as given in 

Table 6.1-1. The total amount of salt deposited within one mile was then 

subtracted from the tower or pond discharge and this difference was used as 

the salt discharge rate for calculating the deposition within the 1-2 mile 

radii. This process of reducing the discharge rate was continued until the 

rate became zero. The results of these calculations indicated that about 

5 percent of the salt discharged from mechanical draft towers would be 

deposited within 10 miles while all of the salt discharged from spray ponds 

would be deposited within one mile. The definition of the radioactivity 

factors(6a) was not fine enoughto calculate the exact radius within which all 

of salt from the spray ponds would be deposited. Therefore, the average depos

ition rates given in Table 6.1-1 for spray ponds were calculatedwith the 

assumption that all of the salt would be uniformly deposited on the area 

enclosed by the one-mile radius.
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Cooling Subalternative 2E 

Environmental Cost: 0 gal/year 

Intrusion of salts from cooling tower drift into ground water is 

considered improbable. The only public-water supply served by wells within 

5 miles of Indian Point is the Stony Point System, located about 3 miles to the 

southwest across the river. The total yield of these wells averages about 

550 gpm. A few wells, serving private homes, are still in use along the 

fringes of the area. Both the Stony Point System wells and the private wells 

are in unconsolidated deposits with depths ranging from 35 to 50 feet. How

ever, on both sides of the river the ground elevations are considerably 

(6c) higher than at the plant site, and water should flow to the river 

The data in Table 6.1-1 indicate that the maximum rate of salt 

deposition from the cooling towers under this alternative will occur 3 to 4 

miles from the plant. The rate was calculated to be about 3 lb salt per acre 

per year. Percolation of this material into the ground will depend upon 
., .. ... i. (6d) 

rainfall. The annual rainfall in this region averages about 36 inches( 

and so the average salt concentration in percolating ground water would be 

about 0.36 mg/liter. Since this is a factor of 700 below permissible water 

quality criteria for chloride and sulfate (250 mg/liter) as recommended for 

public water supplies( 6e), any salts from the natural draft cooling towers 

that might reach underground wells will have negligible effect on the water 

supply.  

(6c) Indian Point Unit 2 Environmental Report, Supplement No. 1, Appendix B, 
September, 1971.  

(6d) U. S. Bureau of the Census, "Statistical Abstracts of the United States 
1971", 92nd Annual Edition, Washington, D.C., 1971, Table No. 289, p. 179.  

(6e) "Water Quality Criteria - Report of the National Technical Advisory 
Committee to the Secretary of the Interior", Washington, D.C., April 1, 
1968, p. 20.  
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Cooling Subalternative 2B 

Environmental Cost: 0 gal/yr 

This alternate cooling method will discharge less salt (see Table 

6.1-1)'than subalternative 2E. Therefore, it will not affect local ground 

water supplies.  

Cooling Subalternatives 2C and 2F 

Environmental Cost: 0 gal/yr 

Most of the salt deposition from these mechanical draft cooling 

tower alternatives will occur within 2 miles of the plant (see Table 6.1-1).  

The calculated deposition rates, while appreciably higher than for natural 

draft cooling towers, would still result in peak average salt concentrations 

in percolating ground water at 2 miles of 25 mg/liter. On the basis of the, 

discussion presented for cooling subalternative 2E, no effect on local ground 

water supplies would occur.  

Cooling Subalternatives 2D and 2G 

Environmental Cost: 0 gal/yr 

Much more salt is available for deposition from these subalternatives 

than from the cooling tower subalternatives because of the higher drift values.  

However, the rate calculations indicate that the deposition will be confined 

to an area within one mile of the site (see Table 6.1-1). Since there is no 

use of well water in this area, no loss of water supply will occur.  

Alternative 3. Minimum Land/Air Impact Design 

Environmental Cost: 0 gal/yr 
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Alternative 4. Plant License Request Design 

Environmental Cost: 0 gal/year 

The reasoning discussed under Alternative 1 is also applicable to 

Alternates 3 and 4.  

6.2 Plants 

Alternative 1. Plant As Is 

Environmental Cost: 0 acres 

since once-through cooling will not result in the deposition of 

salts in the area, there will be no environmental costs to plant life 

associated with this alternative.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 0 acres 

Although it was possible to obtain estimates of the magnitude of 

salt deposition for the various cooling alternatives, it was not possible to 

obtain enough specific data to allow a detailed assessment of the potential 

effects of the salt deposited on the vegetation within the plant's sphere of 

influence. However, data from highway salting research indicates that salt 

deposition rates of 500 lb/acre/year could be detrimental to roadside vegeta

ti6n and deposition rates of 1000 lb/acre/year would cause damage to roadside 

(6f)vegetation Using this range of deposition rates and the date given in 

Table 6.1-1 for the various cooling alternatives, estimates were made for 

the acreage which could suffer potential detrimental effects from salt 

deposition.  

(6f) Information supplied by Consolidated Edison.  
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Cooling Subalternative 2B. Natural Draft Cooling Towers., Open Cycle 

Coolink Subalternative 2C. Mechanical Draft Cooling Towers, Open Cycle 

Cooling.Subalternative 2E. Natural Draft Cooling Towers, Closed Cycle 

Cooling Subalternative 2F. Mechanical Draft Cooling Towers, Closed 

Cycle 

Environmental Cost: 0 acres 

The cooling alternative 2E was selected to achieve minimum water 

impact. Since the data in Table 6.1-1 show no salt deposition rates in excess 

of 500-1000 lbs/acre/year, there will be no environmental costs to plant life 

in the area associated with this alternative.  

As with Alternative 2E, the other cooling alternatives (2B, 2C, and 

2F) do not produce salt deposition rates in excess of the 500-1000lbs-/acre/year 

at which damage from salt could possibly occur. Therefore, there would be no 

environmental cost to plant life associated with these alternatives.  

Cooling Subalternative 2D. Spray Pond, Open Cycle 

Cooling Subalternative 2G. Spray Pond, Closed Cycle 

Environmental Cost: 1206 acres 

As shown in Table 6.1-1, the predicted salt deposition rates from 

the spray pond alternatives greatly exceed the 500-1000 lbs/acre/year reported 

to have detrimental effects on plant liffe. Furthermore, the calculations predict 

that all the salt would be deposited within a 0 1 mile radius of the spray ponds.  

Consequently, either of these two alternatives could be expected to present 

an extreme hazard to terrestrial plant life particularly in the immediate 

plant site environs, and to a lesser extent1 up to one mile from the spray ponds.  
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Within the 0-1 mile radius from the spray ponds are some 1,206 

acres of land with approximately equal utilization by industrial activities 

and residential usage. The environmental cost to the plant life on these 

1,206 acres from either spray pond alternative could be potentially substantial.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 acres 

These designs are identical to the plant as is. Therefore, the 

environmental costs are the same as given for Alternative 1.  

6.3 Property Resources 

Alternative 1. Plant As Is 

Environmental Cost: 0 dollars 

Since once-through cooling does not discharge any salt into the 

air, there will be no degradation of property resources associated with this 

alternative.  

Alternative 2. Minimum Water Impact Design 

The estimates of salt deposition rates from the various cooling 

alternatives were given in Table 6.1-1 and the methods used to arrive at these 

estimates were discussed in Section 6.1. The salt deposition rates given in 

Table 6.1-1 were used to indicate the extent of possible damage to the property 

resources surrounding the plant site.
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Through a review of the literature and contacts with a number 

of local real estate appraisal and consulting firms, efforts were made to 

obtain data for comparable coastal and in-land communities which could possibly 

provide guidance in the assessment of the impact of salt deposition on property 

resources within the sphere of influence of the Indian Point site. These efforts 

did not reveal any data which would enable a reasonable-assessment of the.  

detrimental effects on property resources. Therefore, some general comments 

on the possible consequences of salt deposition are discussed below.  

The effects of salt spray impinging upon the structures and moveable 

property in the area would be in the form of increased maintenance and replace

ments costs. Any exposed metallic surfaces (including such items as equipment,[ 

motor vehicles, ornamental iron work, spouting, etc.) would be subjected to 

accelerated rates of deterioration beyond that of normal weathering effects 

for the area. Consequently, it would require increased maintenance activity 

to protect such property from deterioration due to the corrosive action of the 

deposited salts. Residential dwellings in the area of heavy salt deposition 

would also require more frequent paintings (possibly every year, rather than 

2-3 years between paintings). Even more subtle effects might occur in areas 

of heavy salt deposition. For instance, water mains, pipelines, and highway 

culverts may be affected, since the ditches to accommodate these structures 

can act as subsurface drainage channels and concentrate the surface runoff 

around the pipes.  

.Cooling Subalternative 2B. Natural Draft Cooling Towers, Open Cycle 

Cooling Subalternative 2E. Natural Draft Cooling Towers, Closed Cycle
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Environmental Cost: 0 dollars 

From the standpoint of the cooling alternative selected for minimum 

water impact (i.e., 2E-Natural Draft Cooling Tower and Closed Cycle Operation), 

it can be seen from Table 6.1-1 that salt deposition rates are relatively low.  

The highest deposition rate occurs in the maximum sector of the 3-4 mile radius, 

which is almost entirely over the Hudson River proper. Consequently, there would 

be very little, if any, property resources in this sector to be exposed to the 

deposited salt.  

As with 'cooling Alternative 2E, the highest salt deposition rates from 

Alternative 2B occur in the maximum sector of the 3-4 mile radius. Furthermore, 

!the deposition rates are essentially one-half those of Alternative 2E. There

Ifore, it is felt that there would be no environmental costs to property resources 

from this cooling alternative.  

Cooling Subalternative 2C. Mechanical Draft Cooling Towers, Open Cycle 

Cooling Subalternative 2D. Spray Pond, Open Cycle 

Cooling Subalternative 2F. Mechanical Draft Cooling Towers, Closed 
Cycle 

Cooling Subalternative 2G. Spray Pond, Closed Cycle 

Environmental Cost: Moderate 

Of the other cooling alternatives evaluated for minimum water impact, 

the spray pond alternatives (2D and 2G) represent the greatest potential 

threat to property resources in the area. As seen from Table 6.1-1, it is 

predicted that all the salt will be deposited in a one-mile radius from the 

plant site. 'While most of the salt should be deposited close in to the spray 

ponds, the town of Verplanck is located within one-mile radius and would be 

expected to receive some of the deposited salts. Thus, the potential for 

damage to property resources in the area would be greatest from the spray ponds.  
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The mechanical draft cooling tower alternatives (2C and 2F).would 

have the next greatest potential for damage to surrounding property resources.  

As seen from Table 6.1-1, the highest salt deposition rates occur in the 

maximum sectors of the 0-1 mile radius which includes the town of Verplanck and 

the 1-2 mile radius. Consequently, some damage to property resources in this 

area could occur from the salts deposited by the mechanical draft cooling 

towers.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 dollars 

These designs are identical to the plant as is. Therefore, the 

environmental costs are the same as given for Alternative '.
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7., CHEMICAL CONTAMINATION OF GROUND WATER 

7.1 People 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 gal/year 

No environmental cost will occur from any of the alternatives for 

this category because the few wells that may provide drinking water to nearby 

residents are shallow and at ground elevations that are considerably higher 

than the plant site. Thus ground water at the site flows to the Hudson 

River (7) Chemical discharges from the plant, under each of the alterna

tives, are made at the beginning of the station cooling water discharge canal, 

and consequently travel with dilution directly to the river.  

7.2 Plants 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 acres 

Chemical discharges from the plant, for each of the alternatives, 

are made at the beginning of the station cooling water discharge canal and 

(7b) consequently travel with dilution directly to the Hudson River .Under 

Alternative 2 residual chlorine, following condenser chlorination treatment 

(7a) Consolidated Edison, "Indian Point Unit 2 Environmental Report, 
Supplement No. 1", September 1971, p. 2.1.3-4.  

(7b) Information supplied by Consolidated Edison.  
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at levels of 0.1 to 0.5 ppm might be realized'during passage of the cooling 

water through each of the alternate systems. However, chemical reduc

tion to chloride should readily occur and this level of chloride would be 

negligible.
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8. RADIONUCLIDES DISCHARGED TO WATER BODY 

8.1 People-External 

Alternative 1. Plant As Is 

Environmental Cost: 

Individual Radiation Dose 

Eisio Rem/year/person 

Swimming Boating, Fishing, Skiing Sunbathing 

Unit 2 1.1 x 108 1.1 x 108 4.6 x 10 

Units l&2 4.3 x 10
-8 4.3 x 10 - 8  4.1 x 10 - 6 

Integrated Population Dose 

Man-rem/year 
Population 114,000 335,000 114,000 

Swimming Boating, Fishing, Skiing Sunbathing 

Unit 2 1.3 x I0 3  3.7 x 10 3  5.3 x 102 

Units l&2 4.9 x 10- 3  1.4 x 10-2 4.7 x 101 

The individual radiation dose estimates are based on (1) measured 

river concentrations, (2) known and anticipated liquid releases from Units I 

and 2, (3) 250 hours per year in-water activity for a swimmer, and (4) 

(8a) 
500 hours per year above-water activity for boatero, okiora, or angIcro 

The values assume no credit for river dilution beyond the point of plant 

discharge.  

(8a) Information supplied by Consolidated Edision.  

0
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The population dose estimates are each based on the conservative 

assumption that all persons living within 25 miles of the Indian Point s.ite 

who enjoy these activities, confine their activity to this section of the 

Hudson River. Usage by persons outside the 25-mile boundary are considered 

insignificant by this definition. No direct population use data for the 

river in the vicinity of the Indian Point site for the above activities could 

be located*. Therefore, Federal statistics on the recreational use of National 

Forest lands and waters were employed to estimate the percentage of the 

general population which engage in each activity(B) The values, weighted 

according to use rate a re: swimming and sunbathing, 4.0%; boating, skiing, 

and fishing, 11.8%. These percentages were applied to the projected 1980 

(8c) population for the area to obtain the number of persons that would be 

engaged in each activity. The applicable population figures are shown on 

the environmental cost. unit table.  

in transferring this cost information to the Cost Description Forms, 

the maximum cost figure due to Unit 2 alone was used (the doses due to sun

bathing). This cost figure and all the others are quite small when compared, 

against the radiation exposure values that the same individual ortpopulation 

group'receives annually from natural background.' The appropriate whole body 

doses, due to natural background for the region around Indian Point, are 

given in Table 8.1-1. Comparison shows that the estimated sunbathing doses 

are only 0.00042 percent of the natural background doses.  

*probably because this reach of the river is slightly used 
for recreation purposes.  

**These estimates are undoubtedly high and therefore will 
produce inflated estimates of environmental costs.  

(8b) U. S. Bureau of the Census, "Statistical Abstract of the United States
1971", 92nd Annual Edison, Washington, D. C., 1971, Table No. 306, p. 194.  

(8c) Consolidated Edison, "Environmental Report, Supplement No. I", Appendix F, 
September 1971.  

S3-67



2/72

TABLE 8.1-1. REFERENCE DOSE DATA(
8 d)

Whole Body Dose 

Population (Man-rem/yr) 

Individual (Rem/yr) 114,000 335,000 

Natural 
Background 0.11 12,500 36,800

Alternative 2. Minimum-Water Impact Design 

Environmental Cost: 

The cost values for this alternative would be 3.75 times 

each of the numerical values given in the cost tabulation under Alternative 1.  

This is because the discharge dilution flow for liquid wastes would be reduced 

from about 1.2 million gpm to about 0.32 million gpm, and because no credit 

is taken for river dilution in the calculations. Again, the maximum cost 

value is transferred to the Cost Description Forms.  

This alternative incorporates the use of natural draft cooling 

towers and closed cycle operation (no change in any other plant components) 

to achieve minimumwater impact. Thus, it represents only one (Item E) 

of the six alternate cooling systems which were examined for minimizing 

water impact effects. The radiological impacts for this category of the 

other five subalternatives are given below.  

(8d) Indian Point Unit 2 Environmental Report, Supplement No. 1, September 1971, 

p. 2.3.7-18.  
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Cooling Subalternatives B, C. and D 

The cost values for these three subalternatives are the same as 

the cost tabulation given above for Alternative 1 because each of the sub

alternatives incorporates open cycle operation which will provide essentially 

the same discharge dilution flow as is available for once through cooling 

operation.  

Cooling Subalternatives F and G 

The cost values for these other two subalternatives would be 

.3.75 times each of the numerical values given in the cost tabulation under 

Alternative 1. The increase is due to the reduced discharge dilution flow 

resulting from closed cycle operation of Indian Point Unit 2 but actually 

does not represent any increase in radiological discharges.  

Alternative 3. Minimum Land/Air Impact Design "" .  

Alternative 4. -Plant License Request Design 

Environmental Cost: 

These designs are identical to the plant as is. Therefore, the 

radiological environmental costs are the same as given in the tabulation 

for Alternative 1.  

8.2 People - Ingestion 

Alternative 1. Plant As Is 

Environmental Cost:
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Drinking River Water

Unit 2 

Units 1 & 2

Whole Body 

5.5 x 106 

6.3 x 106

Individual Radiation Dose 

Rem/year/person 

G.I. Thyroid* 

6 x 10
- 9  2.5 x 10

- 7 

1.9 x 10
-8 7 x 10

- 7

Bone 

7.4 x 10 1 1 

1. 1 x 10 - 9

(1.11 x 106 persons)

Unit 2 

Units 1 & 2

Whole Body 

6.1 

7.0

Population Radiation Dose 

Man-rem/year

* Dose for child thyroid.  
** Dose to whole body due almost entirely to tritium.  

Individual Radiation Dose 
Eating Fish From River Rem/year/person 

Whole Body** G.I. Thyroid"°  Bone 

Unit 2 4 x 10- 7  2 x 10- 8  1.2 x 10-8  1.8 x 10 "I 0 

Units 1 & 2 6 x 10- 7  8 x 10- 8  5.2 x 10- 8  4.8 x 10- 9 

Population Radiation Dose 
(7.90 x 105 persons) Whole Body Man-rem/year

Unit 2 

Units. & 2

,32 

.47

* Dose for thyroid of adult.  
** Dose to whole body due almost entirely to tritium.
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The dose from drinking water at the Chelsea pumping station 

(21.3 miles upstream from Indian Point) is calculated based on 

(1) the theoretical model-described in Appendix A to the Indian 

Point Unit ho. 2 Supplemental Report (Eq. 21 and 24, pages 13 and 14), 
as verified by field measurements, (2) an adult intake 

rate for drinking water of 2.2 liters per day .(rate for a child of 1 liter 
per day) and (3) the known and expected radionuclide composition of liquid 
discharges from Units 1 and 2 The man-rem/year values are based on an 

exposed population figure of 1.11 million persons. This number was obtained 
by assuming that the entire pumping capacity of the Chelsea station(8e) 

100 million gallons per day, would be used for non-industrial public purposes 

at the national average consumption rate of 90 gallons per day per person(8f) 

The individual radiation doses from eating fish taken from the-river 
are based on (1) a human consumption rate of 30 grams fish per day taken from 
the mixing zone at the station liquid outfall, and (2) radionuclide concentra

tions in fish estimated from results of pertinent monitoring studies(8 a) or 
derived from calculated river concentrations and published concentration 

factors for chemical elements in fish The man-rem/year data are based 
on an exposed population figure of 790,000 persons. This estimate was obtained 
by using results of a recent study which indicated that in 1965 some 200,000 
sport fishermen from the New York- Connecticut- New Jersey area caught about 
19 million pounds of striped bass. The main source of the catch was the 

Hudson River Using this figure and an individual consumption rate 

(8e) Consolidated Edison, "Environmental Report Supplement No. ", September 
1971, p. 2.3.2-2.  

(8f) "Encyclopedia Britannica", Vol. 23, p. 431 (1964).  (8g) Chapman, W. H., Fisher, H. L., and Pratt, M. W., "Concentration Factors of Chemical Elements in Edible Aquatic Organisms", UCRL-50564 (1968).  (8h) Clark, J. R. and Smith, S. E., "Mitgratory Fish Studies of the Hudson Estuary", Second Symposium on Hudson River Ecology (1969), p. 293.  
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of 24 lbs per year (30 g per day), 790,000 million persons would be exposed 

to the radioactivity in those fish.  

In transferring this cost information to the Cost Description Forms, 

the maximum cost figure due to Unit 2 alone was used (the whole body dose from 

drinking water). This cost figure is small compared to radiation exposure 

values that the same individual or population group receives annually from 

natural background. The appropriate whole body doses, due to natural background 

for the region around Indian Point, are given in Table 8.2-1. Comparison 

shows that the estimated whole body dose from drinking river water is 0.0005 

percent of the natural background dose.  

TABLE 8.2-1. REFERENCE DOSE DATA

0
Whole Body Dose 

Population (Man-rem/yr) 

Individual (Rem/yr) 1.11 x 106 

Natural 
Background 0.11 122,000

Alternative 2. Minimum Water Tmpact Desien

Environmental Cost:
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The cost values for this alternative relative to Alternative 1 

would be the same for the case of drinking river water but would be 3.75 

times greater. for the case of eating fish taken from the river. The 

difference for the two cases results from the different procedures used 

in making the dose calculations. River mixing and dilution of the 

radioactive discharge from the Indian Point station were considered in 

the drinking water calculations. The results depend only on activity 

discharged and not on the concentration at the discharge point. Since the 

same activity discharges will occur for both alternatives, no change in 

cost values will take place. The fish consumption dose calculations, 

however, assume the entire catch is taken from the immediate vicinity of 

station outfall. Here, the reduced station dilution flow, caused by closed 

cycle operation, would result in instantaneous activityconcentrations that 

would be a factor of 3.75 higher for Alternative 2 relative to Alternative 1.  

The effect of the increased dose from fish consumption does not appear in 

the Cost Description Forms because the drinking water dose values (whole 

body) represent the maximum cost value which is transferred to those forms.  

This alternative incorporates the use of natural draft cooling 

towers and closed cycle operation (no change in any other plant components) 

to achieve minimum water impact. Thus, it represents only one (Item E) 

of the six alternate cooling systems which were examined for minimizing 

water impact effects. The radiological impacts for this category of the 

other five subalternatives are given below.
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Cooling Subalternatives B, C. and D 

The cost values for these three subalternatives are the same as 

tabulated for Alternative 1 because each of the subalternatives incorporates 

open-cycle operation which will provide essentially the same discharge dilution 

flow as is available from once-through cooling operation.  

Cooling Subalternatives F and G 

The cost values for these other two subalternatives will be identical 

to that for Alternative 2 (Subalternative E).  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 

These designs are identical to the plant as is. Therefore, the 

radiological environmental costs are the same as given in the tabulation for 

Alternative 1.  

8.3 Primary Producers and Consumers 

Alternative 1. Plant As Is 

Environmental Cost: 

Dose to Benthic Organisms 

Emission 
Source Rads/year* 

Unit 2 2 x 10-
4 

Units 1& 2 1.4 x 10 -3 

*After 40 years of plant operation 

The dose to benthosresulting from long-term accumulation of 

radionuclides on the river bottom near the station liquid discharge is 

selected as the conservative estimate of effects to this class of biota.  

Past studies of river biota have indicated no significant buildup of radio
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activity in the organisms(8a). The above dose rates are based upon (1) 

results of radiological monitoring studies, (2) known radionuclide releases 

from.Unit 1, and (3) expected discharge rates from Units 1 and 2 in the future.  

For comparison the natural dose rate from K-40 in the water is calculated to be 

0.1 to 0.15 Rads per year(Sa). Therefore, plant operation would add less than 

0.2% to this.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 

The cost values for this alternative would be 3.75 times each of 

the numerical values given in the cost tabulation under Alternative 1. This 

is because the discharge dilution flow for liquid wastes would be reduced 

from about 1.2 million gpm to about 0.32 million gpm, and because no credit 

is taken for river dilution in the calculations. * 

This alternative incorporates the use of natural draft cooling 

towers and closed cycle operation (no change in any other plant components) 

to achieve minimum water impact. Thus, it represents only one (Item E) 

of the six alternate cooling systems which were examined for minimizing 

water impact effects. The radiological impacts for this category of the 

other five subalternatives are given below.  

Cooling Subalternatives B. C, and D 

The cost values for these three subalternatives are the same as 

the cost tabulation given above for Alternative 1 because each of the 

subalternatives incorporates open-cycle operation which will provide 

essentially the same discharge dilution flow as is available for once-through 

coolingoperation.  

*However even with this increase the costs are negligible.  

S3-75



2/72

Cooling Subalternatives F and G 

The cost values for these other two subalternatives would be 

3.75 times each of the numerical values given in the cost tabulation under 

Alternative 1. The increase is due to the reduced discharge dilution flow 

resulting from closed cycle-operation of Indian Point Unit 2.  

Alternative 3. Minimum Land/Air Impact Design 

Alternative 4. Plant License Request Design 

Environmental Cost: 

These designs are identical to the plant as is. Therefore, the 

radiological environmental costs are the same as given in the tabulation 

for Alternative 1.  

8.4 Fish 

Alternative 1. Plant As Is 

Environmental Cost: 

Dose to Fish 

Emission 

Source Rads/year 

Unit 2 2.0 x 10
- 5 

Units & 2  3.4 x 10-
5 

These results are for fish residing in the immediate vicinity of 

the design basis effluent from Indian Point Units I and 2. The values are 

based on measured accumulations of the longer-lived radionuclides in fish 

taken from the river near Indian Point and on reconcentration factors avail

(8a) 
able from the literature for other radionuclides

a . The dose rates also 

are based on a standard fish weight of 1 kg. The dose from tritium accounts
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for more than 99% of the total. Recent surveillance studies of the Hudson 

River (at locations above Indian Point) conducted by the New York State 

Department of*Environmental Conservation (8
1) indicate ambient tritium concentra

tions of about 1000 pCi/liter. The tritium concentrations of plant origin in 

the river near the station discharge, which contribute to the dose rates given 

above, are about 700 pCi/liter (Unit 2) and 1100 pCi/liter (Units 1 and 2).  

At more distant points the concentrations will be lower and so the environmental 

impact on migratory species such as fish may be considered negligible.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 

The cost values for this alternative would be 3.75 times each 

of the numerical values given in the cost tabulation under Alternative 1.  

This is because the discharge dilution flow for liquid wastes would be 

reduced from about 1.2 million gpm to about 0.32 million gpm, and because 

no credit is taken for river dilution in the calculations.  

This alternative incorporates the use of natural draft cooling 

towers and closed cycle operation (no change in any other plant components) 

to achieve minimum water impact. Thus, it represents only one (Item E) of 

the six alternate cooling systems which were examined for minimizing water 

impact effects. The radiological impacts for this category of the other five 

sub-alternatives are given below.  

(8i) Radiological Health and Data Reports, Vol. 12, No. 9, September 1971, Environ

mental Protection Agency, Radiation Office.
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Cooling Subalternatives B, C. and D 

The cost values for these three subalternatives are the same as 

the cost tabulation given above for Alternative 1 because each of the sub

alternatives incorporates open-cycle operation which will provide essentially 

the same discharge dilution flow as is available for once through cooling 

operation.  

Cooling Subalternatives F and G 

The cost values for these other two subalternatives would be 3.75 

times each of the numerical values given in the cost tabulation under 

Alternative 1. The increase is due to the reduced discharge dilution flow 

resulting from closed-cycle operation of Indian Point Unit 2.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design _ _ _ _ 0 

Environmental Cost: 

These designs are identical to the plant as is. Therefore, the 

radiological environmental costs are the same as given in the tabulation 

for Alternative 1.  

0
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9. RADIONUCLIDES DISCHARGED TO AMBIENT AIR 

9.1 People - External 

Alternative 1. Plant As Is 

Environmental Cost: 

Individual Radiation Dose

Distance Rem/year/person*
from IP-2 Whole Body Skin 

500 meters 5 x 10-4  4 x 10-3 .  

1000 3 x 10 -  1.2 x 10 

2000 1.7 x 10 - 4  3.4 x 10- 4 

5000 8 x 10 - 5  7 x 10 - 5 

*In critical wind sector which is S-SW of the site.  

Population Radiation Dose

Dis tance 
from IP-2 

1 mile 

2 

.,5 

10 

15

Cumulative 
Population 

2010 

20810 

107960 

312540 

670120

Cumulative Man-rem/year 
Whole Body 

0.23

0.79 

1.6 

2.1 

2.4
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Based on the operational experience of similar PWR's, the gaseous 

wastes discharged from Unit 2 are expected to be: Xe-133, 4750 Ci/year; Kr-85, 

2650 Ci/year; and 1-131, 0.0297 Ci/year (9a)
. The individual radiation dose 

estimates are based on these release rates occurring at ground level. Dispersion 

of the source was calculated as a function of distance in the limiting land 

sector using annual average measured meteorological data. The gamma dose values 

were generated using the RADOS computer code(
9b). The beta doses to the skin 

were calculated using the semi-infinite cloud method. Corresponding dose 

calculation results are not given for Unit 1 because the activity discharges 

are lower than for Unit 2 and the release is made from an 88.6 meter stack.  

The elevated release alone results in an atmospheric dilution factor of 

ten compared to the ground level release used for Unit 2(9c) 

The population data used in the man-rem/year calculations represent 

1980 "compromise" projections for the area. Using the same gaseous ground 

level release data, and annual average X/Q(
9c) dispersion data for all sectors 

around the site, the annual "steady state" distribution of airborne radio

activity in a series of concentric rings out to a distance of 15 miles was 

calculated. The total annual whole body dose was computed for each angular

radial sector and then multiplied by the population value to obtain the annual 

man-rem quantity. The man-rem/year values were then summed, first around the 

circle, and then radially to develop the cumulative data given in the 
above 

tabulation.  

In transferring this cost information to the Cost Description Forms, 

the maximum cost values for each unit of measure were used. These cost figures 

are small compared to radiation exposure values that the same individual or 

(9a) Consolidated Edison,"Indian Point Unit 2 Environmental Report, Supplement 

No. I", September 1971, p. 2.3.7-17.  

(9b) Information supplied by Consolidated Edison.  

(9c) Data provided by Consolidated Edison.  
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population group receives annually from natural background. The appropriate 

whole body doses due to natural background for the region around Indian Point 

are given in Table 9.1-1. Comparison shows that the estimated whole body 

doses due to radioactive gaseous discharges from the plant are less than 0.2 

percent of the natural background dose.  

TABLE 9.1-1. REFERENCE DOSE DATA

Distance 
from IP-2 

1 mile 

2 

5 

10 

15

Natural Background 
Whole Body Dose 

Rem/year 

0.11 

0.11 

0.11 

0.11 

0.11

Cumulative 
Population Dose 
Man-rem/year 

221 

2,290 

11,900 

34,300 

73,700

Alternative 2.  
Alternative 3.  
Alternative 4.

Minimum Water Impact Design 

Minimum Land/Air Impact Design 
Plant License Request Design

Environmental Cost: 

These alternative plant designs all incorporate the same gaseous 

radioactive waste treatment systems as Alternative 1, and the dose calcula

tions are based on ground level release of the activity. Therefore, nearby 

structures associated with alternate cooling systems would not affect the 

results. Consequently, the radiological environmental costs are the same as 

given in the tabulation for Alternative 1.
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9.2 People - Ingestion 

Alternative 1. Plant As Is 

Environmental Cost: 

Thyroid Dose 

Rent/year/person 
Adult Child 

Unit 2 4.3 x 10 - 4  4.3 x lO - 3 

Units I & 2 4.7 x 10 - 4  4.7 x 10 - 3 

Thyroid Dose 

Man-rem/year 
Adult Child 

Unit 2 16 160 

Units 1 & 2 18 180 

Based upon the composition of gaseous emissions given in the IP-2 

Environmental Report, Supplement No. 1 (9a), 1-131 represents the most signifi

cant ingestion hazard. Due to the concentration of iodine in the pasture-cow

milk-man food chain, human consumption of milk is used to assess the maximum 

ingestion radiation dose that could occur. The resulting thyroid dose values 

assume: (1).a daily milk consumption rate of 1 liter taken from the nearest 

dairy farm in the limiting wind sector, (2) a factor of 100,000 in converting 

from 1OCFR20 maximum permissible air concentration to thyroid accumulation, 

and (3) a grazing period for the cows of 1/10 year per year(9b) 

Within 20 miles of the Indian Point site there were (according to a 

(9d) 
1966 survey) a total of 122 dairy farms producing 80,250 quarts of milk 

daily. Assuming a human consumption rate of 1 liter of milk per day, this 

volume of milk would supply the daily diet requirements of 76,000 persons; 

(9d) Indian Point Unit 2, Environmental Report, Supplement No. 1, Appendix W, 
September 1971.  
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approximately equally divided between adults and children. Although more 

recent data indicates a considerable decline in the number of dairy farms in 

the region ( e ) , specific numbers and capacity are not available. Therefore, 

the above figures will be used. It is further conservatively assumed that all 

of this milk contains 1-131 at the same concentration as predicted for milk 

taken from the nearest dairy in the limiting wind sector in computing the 

annual man-rem (thyroid) values. The intergrated population dose due to any 

other radionuclides that might be released to the atmosphere should be less 

than these values.  

The tabulated cost figures are small compared to thyroid exposures 

that the same indivi4uals or population groups receive annually from natural 

background sources. The body provides some shielding for the thyroid and so 

only the penetrating radiation of cosmic origin is considered in this com

parison. The average cosmic ray background at sea level is about 50 millirem 

per year 9g f (0.05 Rem/year). On this basis the conservative dose estimates 

due to plant operation are less than one percent and ten percent of natural 

background doses for adults and small children respectively.  

Alternative 2. Minimum Water Impact Design 

Alternative 3. Minimum Land/Air Impact Design 

Alternative 4. Plant License Request Design 

Environmental Cost: 

These alternative plant designs all incorporate the same gaseous 

radioactive waste treatment systems as Alternative 1, and the dose calcula

tions are based on ground level releases of the activity. Therefore, nearby 

structures associated with alternate cooling systems would not affect the 

(9e) Bratton, C. A., "Changes in New York State Agriculture, 1969 Census 
Data", Department of Agricultural Economics, New York State College 

of Agriculture and Life Sciences, Cornell University, November 1971.  

(9f) Eisenbud, M., Environmental Radioactivity, McGraw Hill, New York, 1963, 

p. 165.  
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results. Consequently, the radiological environmental costs are the same 

as given in the tabulation for Alternative 1.  

9.3 Plants and Animals 

Alternative 1. Plant As Is 

Environmental Cost: 

Dose to Cow Thyroid 

Rads/Year 

IP-Unit 2 
4 x 10

- 4 

This quantity represents the maximum internal radiation exposure 

expected for terrestrial plants and animals because (1) noble gas radio

nuclides are not retained by biota, (2) iodine-131 is the only other species 

which is discharged in significant quantities to the atmosphere and (3) the 

accumulation factor for iodine in the thyroid of a grazing cow combines an 0 
appreciable forage area (50 m 2) with an organ specificity (0.3). The deposi

tion of 1-131 on the pasture was calculated from annualaverage X/Q data for 

the limiting wind sector, at a point corresponding to the nearest farm, and 

using a deposition velocity of 1 cm/sec
( 9b ) 

Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 

These alternative plant designs all incorporate the same gaseous 

radioactive waste treatment systems as Alternative l, and the dose calcula

tions are based on ground level releases of the activity. Therefore, nearby 

structures associated with alternate cooling systems would not affect the 

results. Consequently, the radiological environmental costs are the same as 

given in the tabulation for Alternative 1.  
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10.* RADIONUCLIDE CONTAMINATION OF GROUND WATER 

10.1 People 

Alternative 1. Plant As Is 

Envitonmental Cost: 0 Rem/yr.  

The absence of an environmental effect on ground water supplies 

(10a) is based on the known hydrology of the Indian Point site area *The 

ground surface elevations of the adjacent land are considerably higher than 

the plant site.' Thus, the direction of ground water flow is towards the 

river,. and this precludes the possibility of contamination of these supplies 

(l0b) through ground water flow 

Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 Rem/yr 

Since each of these alternatives is essentially identical, with 

respect to radioactive releases, as Alternative 1, and because of the 

hydrology in this area, no environmental costs will occur in this category.  

10.2 Plants and Animals 

Alternative 1. Plant As Is 

Environmental Cost: 0 Rad/yr 

(10a) Consol'idated Edison, "Indian Point Unit 2 Environmental Report, Supple
ment No. 1", September 1971, p. 2.1.3-4.  

(l0b) Information supplied by Consolidated Edison.
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The potential radiation dose to terrestrial plants and animals 

resulting from radioactivity releases from Indian Point Units I and 2 are 

accounted for in Category 9.3. Therefore, contributions from this ground 

water source are not applicable and have been assigned a zero value.  

Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 

Alternative 4. Plant License Request Design 

Environmental Cost: 0 Rad/yr 

No environmental cost is assigned for any of these alternatives 

for the same reason as given for Alternative 1.  

0
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11. FOGGING AND ICING 

11.1 Ground Transportation 

Alternative 1. Plant As Is 

Environmental Cost: 0 hours of increased driving hazard per year 

Since once-through cooling does not discharge any water into the 

air, there will be no increase in the annual occurrence of fog or ice on 

roads and, therefore, no increase in driving hazards from Alternative 1.  

Alternative 2. Minimum Water Impact 

Environmental Cost: 0 hours of increased driving hazard per year 

In order to assess this impact and the impacts listed under 

Categories 11.2, 11.3, and 11.4, it is necessary to estimate the increase 

in the annual number of hours of fog due to the cooling alternatives at 

locations surrounding the Indian Point site. Table 11.1-1 giyes these values 

for the sector showing the greatest increase and the average for the entire 

area between radii of 0-1, 1-2, 2-3, 3-4, 4-5, and 5-10 miles of the site.  

These values were calculated using (1) the annual frequency of saturation 

deficits over Poughkeepsie, New York and (2) the radioactivity dispersion 

factors used to estimate salt deposition (see Section 6.2) and radiation 

doses (see Section 9). The confidence in the radioactivity factors for 

natural draft towers is not good because of difficulties in scaling the 

radioactivity factors to the effective plume heights of the towers. These 

difficulties were discussed in Section 6.2. However, because the effective 

plume heights are so large (in excess of 1000 feet), the estimates for fog 

at river level due to natural draft towers are essentially zero so that the
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TABLE 11.1-1 INCREASE IN FOG AT RIVER ELEVATION

Increase in Fog at River Elevation, hours/year Water 0-1 miles 1-2 miles 2-3 miles 3-4 miles 4-5 miles 5-10 miles 
Discharged Max- Max- Max- Max- Max- Max

(a) into Air, imum Entire imum Entire imum Entire imum Entire imum Entire imum Entire Alternative Rpm Sector Circle Sector Circle Sector Circle Sector Circle Sector Circle Sector Circle 

IA OT 0 0 0 0 0 0 0 0 0 0 0 0 

2B NDO 2,460 0 0 0 0 0 0 0 0 0 0 0 0 

2C MDO 3,310 0 0 0 0 0 0 0 0 0 0 0 0 

2D SPO 11,140 5610 4030 3150 1750 1400 880 1050 610 700 260 260 88 

2E NDC 14,420 0 0 0 0 0 0 0 0 0 0 0 0 

2F MDC 15,270 175 88 88 5 0 0 0 0 0 0 0 0 

2G SPC 23,100 6570 5340 4820 3070 2800 1490 1930 1050 1230 700 700 260 

(a) OT Once-through cooling NnC Naua ... r^ .
NDO Natural Draft Cooling Tower, :Open Cycle 
MDO Mechanial Draft Cooling Tower, Open Cycle 
SPO Spray Pond, Open Cycle 

Drift assumed to be 0.0025% of cooling water flow for 
natural draft towers, 0.1% for mechanical draft towers, 
and 1% for spray ponds.

- 00 nLoL1wer, Closed uycie 
MDC Mechanical Draft Cooling Tower, Closed Cycle 
SPC Spray Pond, Closed Cycle "
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inaccuracies in the factors do not effect the conclusion that there is no 

river-level fog from natural draft towers.  

The theoretical equations used to calculate the increase in annual 

hours of fog are similar to the equations for estimating dispersion of radio

activity as discussed in Section 6.2. The excess humidity (over ambient) at a 

given location was calculated as the produ ct of the rate at which water is 

discharged into the air and the radioactivity factor corresponding to the 

location's sector and distance from the site. The cumulative frequency for 

which the saturation deficit is less than or equal to this excess humidity 

was then determined from the Poughkeepsie data. The water in the plume would 

tend to evaporate if the saturation deficit was greater than the excess 

humidity. Therefore, the cumulative frequency for which the deficit is at or 

below the excess humidity is a measure of the cumulative frequency of fog 

(condensed water). Part of this fog would coincide with periods of natural 

fog. The occurrence of natural fog was assumed to be the frequency of zero 

deficit (when the air is saturated with water vapor). This frequency of 

zero deficit was therefore subtracted from the cumulative frequency corres

ponding to the excess humidity in order to arrive at the frequency of increased 

fog due to the cooling alternatives. The product of this latter frequency and 

the number of hours in a year (8,760) is the estimate of the increased hours 

of fog due to the cooling alternative.  

As already mentioned, the confidence in the calculations is not 

good for natural draft towers but the fog estimates are essentially zero so 

that possible errors in the calculations are not significant. The confidence 

in the calculations for spray ponds is also-~not good for distances greater 

than one mile because the calculations do not account for rainout of the 

condensed water. The calculated values of excess humidity would indicate 
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that large amounts of rainout could occur within one mile during most of the 

time. This rainout would remove excess water from the plume so that loca

tions beyond one mile would have a much lower frequency of fog than is 

indicated in Table 11.1-1. However, the values in the table can be considered 

as upper-limit estimates of fog beyond one mile while the lower-limit estimates 

would be essentially zero fog beyond one mile.

In assessing the environmental cost, it was noted that a major high

way runs within one mile of the site, but not necessarily in the direction of 

the maximum sector. Therefore, the environmental cost was taken as the average 

increase in the annual hours of fog within one mile of the site, and this was 

also taken as the hours of increased driving hazard. For reasons discussed in 

the introductory section on alternatives, the natural draft cooling tower 

operating in a closed cycle, Alternative 2E, was chosen as Alternative 2.  

From Table 11.1-1 the increase in the annual occurrence of fog within one 

mile of the site for this alternative is 0 hours. The increase is also zero 

for Alternatives 2B and 2C (natural and mechanical draft cooling towers 

operated at open cycle), 88 hours for Alternative 2F (mechanical draft tower, 

closed cycle), 4,030 hours for Alternative 2D (spray pond operated at open cycle), 

and 5,340 hours (60 percent of the time) for Alternative 2G (spray pond opera

ted at closed cycle).  

It should be noted that fog at the river level may not be the 

maximum. In fact, the maximum increase in fog would occur at about the plume 

height. Since the terrain is hilly in the area and the effective plume height 

for mechanical draft towers is only about 400 feet, it is possible that some 

locations could receive increases in the occurrence of fog that are greater
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than the values shown in Table 11.1-1. For elevations approaching 400 feet 

above the river, the increase in annual hours of fog from mechanical draft' 

towers could approach the values for spray ponds. However, the increases 

in fog at the river level were felt to be the best, representation of the 

environmental cost of the alternatives.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 hours of increased driving hazard per year 

Since Alternatives 3 and 4 are identical to Alternative 1, they will 

have the same environmental cost as Alternative 1.  

11.2 Air Transportation 

Alternative 1. Plant As Is 

Environmental Cost: 0 hours of airport closing per year 

Since once-through cooling does not discharge any water into the 

air, there will be no increase in the annual occurrence of fog at airports 

and, thus, no closing of airports due to Alternative 1.  

Alternative 2. Minimum Water Impact 

Environmental Cost: Airport closed 0 hours per year 

The estimates of annual increase in fog for the surrounding loca

tions were given in Table 11.1-1 and the methods used to arrive at these 

estimates were given in Section 11.1 In assessing this environmental cost, 

it was noted that there is a sea plane base at Verplanck, approximately 1.57 

miles south of the site. The sector having the maximum frequency of fog is also 

toward the south. Therefore, the environmental cost was taken as the maximum 

increase in the annual hours of fog between 1-2 miles of the site, and this was 
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assumed to equal the hours during which the airport would close. For reasons 

discussed in the introductory section on Alternatives, the natu.ral draft 

towers operating closed cycle, Alternative 2E, was chosen as Alternative 2.  

From Table 11.1-1, the increase in the annual occurrence of fog within 1-2 

miles of the site for this alternative is 0 hours. The increase is zero hours 

for Alternative 2B (natural draft towers operated open cycle), zero hours for 

Alternative 2C (mechanical draft tower, open cycle), 88 hours for Alternative 

2F (mechanical draft tower, closed cycle), 3,150 hours for Alternative 2D 

(spray pond, open cycle), and 4,820 hours for Altern ative 2G (spray pond, 

closed cycle). As mentioned before in Section 11.1, the spray pond values 

are upper-limit estimates beyond one mile. Also, as previously mentioned 

in Section 11.1, the effect of elevation may be significant in that there may 

be an increase in occurrence of clouds at the 400-foot level for mechanical 

draft towers and at the 1000-foot level for natural draft towers. These 

increases could approach the values for spray ponds.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 hours of airport closing per year 

Since Alternatives 3 and 4 are identical1 to Alternative 1, they 

will have the same environmental cost as Alternative 1.  

11.3 Water Transportation 

Alternative 1. -Plant As Is 

Environmental Cost: Ships reduce speed 0 hours per year 

Once-through cooling does not discharge any water into the air 

and will result in only a small surface area having a significant temper

ature rise. For example, Table 1.1-1 indicates only 0.5 acre will have a 

S3-92



2/72 

temperature rise of 10 F or more. Such, small areas -should not significantly 

increase the occurrence of radiation fog over the river so that ships will 

not be affected by Alternative 1.  

Alternative 2. Minimum Water Impact 

Environmental Cost: Ships reduce speed 0 hours per year 

The estimates of the increase in the occurrence of fog for the 

surrounding areas were given in Table 11.1-1 and the methods used to 

arrive at these estimates were given in Section 11.1. In assessing this 

environmental cost, it is significant that the site is located on the 

Hudson River which is navigable. Also, the sector having the maximum 

frequency of fog tends to be in a southerly direction over the river.  

Therefore, the environmental cost was taken as the maximum increase in 

the annual hours of fog within 1 mile of the site, and this value was 

assumed-to equal the hours during which ships on the river must reduce speed.  

For reasons discussed in the introductory section on alternatives, the natural 

draft towers operating closed cycle was chosen as Alternative 2. From Table 

11.1-1, the increase in the maximum annual occurrence of fog within one mile 

of the site is zer o hours. The increase is zero hours for Alternative 2B 

(natural draft towers operated open cycle), zero hours for Alternative 2C 

(mechanical draft tower, open cycle), 175 hours for Alternative 2F (mechanical 

draft tower, closed cycle), 5,610 hours for Alternative 2D (spray pond, open 

cycle), and 6,570 hours for Alternative 2G (spray pond, closed cycle).  

Alternative 3. 'Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: Ships reduce-speed 0 hours per year 

Since Alternatives 3 and 4 are identical to Alternative 1, they 

will have the same environmental cost as Alternative 1.  
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11.4 Plants 

Alternative 1. Plant As Is 

Environmental Cost: 0 acres 

Since once-through cooling does not discharge any water-into the 

air, there will be no increase in the annual occurrence of fogging and icing 

conditions, and consequently, no damage to plant life due to Alternative 1.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 0 acres 

The estimate of annual increase in fog for the surrounding locations 

were given in Table 11.1-1 and, the methods used' to arrive at these estimates were 

given in Section 11.1. The fog frequency data presented in Table 11.1-1 were 

used to indicate the extent of possible damage to terrestrial vegetation in 

the area surrounding the plant. These data show plant-caused fog, up to a 

distance of ten miles, varies greatly with the alternative cooling system.  

For instance, the once-through cooling system, the mechanical draft towers 

(open cycle), and the natural draft towers (both open and closed cycle) produce 

no increase in ground-level fog frequencies over a ten-mile area from the 

plant site. On the other hand, mechanical draft, closed-cycle towers produce 

an increase in fog frequency ranging from 175 hr/year in the 0-1 mile radius 

of the maximum sector to 88 hr/year in the 1-2 mile radius of the maximum 

sector. No increase in fog frequency is predicted for this alternative beyond 

the 1-2 mile radius. Spray ponds (closed cycle) represent the worst alterna

tive from the standpoint of increased ground-level fog frequencies in that 

they would produce f og frequencies ranging from 6,570 hours of fog per year
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in the 0-1 mile radius to 701 hr/year in the maximum sector of the 5-10 mile 

radius.  

While there is very little experimental evidence upon which to base 

an accurate assessment of the potential effects on plant life from the fogging 

and icing conditions produced by the various cooling alternatives, some general 

statements can be made concerning the nature of some of these effects. For 

instance, evaporation and drift losses from the cooling towers and/or spray 

ponds could result in an increase in the relative humidity of the area. Since 

the vapor pressure gradient between the atmosphere and the moist plant surfaces 

would be lowered, a reduction in the rate of evaporation and transpiration 

could possibly occur. Also, the increased moist air conditions could favor 

certain fungi which might become serious pests on higher plants in the area.  

The estimated environmental cost for each cooling subalternative 

is given below and expresses the number of acres exposed to increased fog 

frequencies and hence some possible detrimental effects on plant life. Con

cerning icing phenomena, ice formation on Vegetation could occur during those 

periods when ambient temperatures are below freezing. Temperature statistics(lla) 

for New York-City indicate that the monthly mean low temperature is below 

freezing for only three months of the year--December, January, and February.  

However, the monthly mean high temperature for these same months is above 

freezing. Therefore, as an approximation, it may be assumed that the 

potential for icing occurs only about 1/8 or 12.5 percent of the time on an 

annual basis.  

(lla) U. S. Bureau of Census, "Statistical Abstract of the United States, 
1971", 92nd Annual Edition, Washington, D. C., 1971, Table No. 286, 
p. 176.
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Cooling Subalternative' 2B. Natural Draft Cooling Towers, Open Cycle 

Cooling Subalternative 2C. Mechanical Draft Cooling Towers, Open Cycle 

Cooling Subalternative 2E. Natural Draft Cooling Towers, Closed 
Cycle 

Cooling Subalternative 2F. Mechanical Draft Cooling Towers, Closed 
Cycle 

Environmental Cost: 0 acres 

Since there are no increases in ground-level fog frequencies predicted 

for subalternatives 2B, 2C, and 2E (see Table 11.1-1), there would be no 

environmental costs to surrounding vegetation. Very little, if any, damage 

to plant life would be expected to result from the increases in the frequency 

of ground fog predicted for subalternative 2F.  

Cooling Subalternative 2D. Spray Pond, Open Cycle 

Cooling Subalternative 2G. Spray Pond, Closed Cycle 

Environmental Cost: Moderate 

These subalternatives would produce the greatest potential for 

damage to surrounding plant life resulting from fogging and icing. From the 

fog frequency -data in Table 11.1-1, it can be seen that the area encompassed 

by the 0-1, 1-2, and 2-3 mile radii would be subjected to significant increases 

in fogging conditions.  

Within this 3-mile radius of the plant site are some 11,762 acres of 

land with approximately the following utilization: 

Residential - 7,238 acres 

Recreational - 3,619 acres 

Industrial - 905 acres.  

The plant life on these 11,762 acres could suffer potential detrimental effects 

from the fogging conditions attributed to these two cooling alternatives.  
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Alternative 3.  
Alternative 4.

Minimum Land/Air Impact Design 
Plant License Request Design

Environmental.Cost: 0 acres 

These designs are identical to the plant as is. Therefore, the 

environmental ,costs are the same as given for Alternative 1.
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12. RAISING/LOWERING--OF GROUND-WATER LEVELS 

12.1 People 

Alternative 1. Plant As Is 
Alternative 2.1 Minimum Water Imoact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 gal/year 

For each of these alternatives the plant condenser cooling water 

and service water supply is taken from the Hudson River. The plant uses 

no well water~1 .) Therefore, plant operations under all of these alterna

tives will not affect local ground-water levels.  

12.2 Plants 

Alternative 1. Plant As Is 

Environmental Cost: 0 acres 

No lowering of ground water levels in the immediate vicinity of 

the Indian Point site due to plant operations should occur, based on the 

comments presented immediately above under Section 12.1. The plant under 

this alternative discharges no water over the general landscape, so the 

raising of ground-water levels is also precluded. Thus plant operations 

will have no effect on the water supply of deep-rooted vegetation in the 

area, 

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 0 acres 

Based on the comments presented in Section 12.1, no lowering of 

ground-water levels in the immediate vicinity of the Indian Point site should 

(12a) Information supplied by Consolidated Edison.
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occur as a result of plant operations under this or any of the subalternative 

cooling methods that have been considered. Each of the auxiliary cooling 

alternatives results in the spray drift of water over the general landscape 

which could conceivably raise subsurface water levels. However, hydrological 
surveys of the region have shown that surface waters wii-I drain to the river.  

Thus drift from the plant should not affect ground-water levels nor deep-rooted 

vegetation which utilizes this water.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 acres 

These alternatives incorporate the same plant design as Alterna

tive. 1 and so the environmental cost is also the same.
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13. AMBIENT NOISE 

13.1 People 

Alternative 1. Plant As Is 

Environmental Cost: No residents, schools, or hospital beds within 

area having noise increased above present levels.  

In general, nuclear power plants are relatively quiet facilities as 

compared with other industrial plants of the same approximate physical size.  

The reactor, turbine, and large pumps are normally enclosed in buildings, 

and although in some cases the noise inside the buildings may be high (for 

example, in a large pump room), the buildings substantially attenuate the 

noiseltransmitted to the outside. In addition, the plant site is heavily 

wooded and varies in elevation which are desirable characteristics from a 

noise attenuation standpoint. However, any noisy equipment that may be located 

outside the buildings, may result in objectionable sound levels to the 

surrounding areas. The degree to which this noise is objectionable depends 

on the "ambient" noise level in the area, and the use of the area--for example, 

residential or-industrial.  

The ambient noise levels now existing in the area were measured at 

locations which were chosen to document noise levels at the Consolidated 

Edison property line and also at locations in the surrounding area where noise 

might affect the residents or where other noise sources exist. Figure 13.1-1 

shows these locations on a map of the area upon which radial distances from the 

Indian Point site have been marked. Table 13.1-1 is a brief description of each 

location.  

0 
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HUDSON RIVER

FIGURE 13.1-1. LOCATIONS OF SOUND PRESSURE LEVEL READINGS IN 
THE INDIAN POINT VICINITY
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TABLE 13.1-1. DESCRIPTION OF LOCATIONS WHERE MEASUREMENTS 
OF NOISE LEVELS WERE MADE

Location 1: 

Location 2: 

Location 3: 

Location 4: 

Location 5: 

Location 5: 

Location 7: 

Location 8:

100 ft NE of the intersection of Broadway and Bleakley 
(residence near).  

Approximately 2200 ft SE of Indian Point reactor facility 
on the east side of Broadway (residence near).  

On peak of hill in cemetery, about 3300 ft south of Indian 
Point reactor facility, 250 ft east of Broadway.  

About 250 ft south of the Consolidated Edison substation and 
90 ft north of gas turbine power plant.  

On the boat dock at the Indian Point facility.  

On hill about 3900 ft south'of Indian Point reactor facility 
and 5600 ft east of fossil fuel power plant across the 
river.  

On west bank of Hudson River about 4800 ft NNW from Indian 
Point reactor facility (residence near).  

About 700 ft to 750 ft west of fossil fuel power plant on 
west side 'of Hudson River (residence near).
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TABLE 13.1-2. TABULATION OF NOISE LEVELS RECORDED IN VICINITY 
OF INDIAN POINT NUCLEAR FACILITY

A-weighted L inear 
Level- Level 

Date Time Location dB dB, Condition

1/20/72 11:15 am 

1/20/72 11:30 am 
to 

12:00 Noon 

1/20/72 1:45 pm 

1/20/72 2:30 pm 

1/20/72 4:00 pm

76-Mmn.  
84-Mean 
89-Max.

45-47 

54 

75-76 

58

1/21/72 M-02 am 

1/21/72 12:10 am 

1/21/72 12:30 am 

1/21/72 10:35 am 

1/21/72 12:00 Noon 

1/21/72 2:00 pm

70-74 

78 

93 

71

58 

62 

62 

58-62 

81

Continuous light car 
traffic to heavy truck 
traffic 

No traffic in sight on 
Broadway 

No traffic in sight on 
Broadway 

90 Feet north of Con.Ed.  
gas turbine generator 
station in operation 

Some construction noise 
from Indian Point 
facility 

Directed toward Indian 
Point facility 

Directed toward fossil 
fuel plant 

Directed between Georgia 
Pacific gypsum plant and 
fossil fuel plant 

Directed toward Indian 
Point facility 

About 700 ft to 750 ft 
West of fossil fuel power 
plant

70-72
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Table 13.1-2 lists the A-weighted. and linear sound pressure levels 

recorded at each location. On the days that the noise measurements were made-

January 20 and 21, 1972--the Indian Point 1 facility was not operating, so that 

the measured noise levels did not include any noise due to operation of the 

facility.  

The general impression gained during the noise measurement field trip 

was that traffic noises were the predominant noises in the area. This included 

not only highway traffic, but also rail and general aviation traffic (small

and medium-size planes). At several measurement locations, attempts to obtain 

measurements of the ambient levels with no obvious traffic noise required 

waiting several minutes to obtain a time when local or non-local traffic noise 

was not present. At Location 1, (intersection of Broadway and Bleakley) there 

was virtually no time when highway traffic was not the dominant noise during 

the hour (11:00 to 12:00 noon) when measurements were made. Even at midnight 

when measurements were made at Location 3 (St. Mary's Cemetery), the traffic 

on Broadway made it difficult to obtain ambient readings with no traffic noises.  

Round-the-clock measurements were not made and, since traffic noises are signi

ficant parts of the ambient noise level over perhaps 3/4 of any 24-hour period, 

the levels measured during periods without traffic were taken to reflect the 

period from approximately midnight to 6:00 a.m. when traffic would be minimal.  

Other predominant noise sources in the Indian Point area were 

(1) the fossil fuel power plant installation located on the west side of the 

Hudson River across from Verplanck, and (2) the small Consolidated Edison gas 

turbine generator station located on the east side of Broadway across from the 

Indian Point facility fence (Location 4). This generator station may operate 

continuously during peak demand periods of several days. At Location 6,
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TABLE 13.1-2. TABULATION OF NOISE LEVELS RECORDED IN VICINITY 
OF INDIAN POINT NUCLEAR FACILITY

A-weighted Linear 
Level Level 

Date Time Location dB dB Condition

1/20/72 11:15 am 

1/20/72 11:30 am 
to 

12:00 Noon 

1/20/72 1:45 pm 

1/20/72 2:30 pm 

1/20/72 4:00 pm

76-Min.  
84-Mean 
89-Max.

45-47 

54 

75-76 

58

1/21/72 2-02 am 

1/21/72 12:10 am 

1/21/72 12:30 am 

1/21/72 10:35 am 

1/21/72 12:00 Noon 

1/21/72 2:00 pm

70-74 

78 

93 

71

58 

62 

62 

58-62 

81

Continuous light car 
traffic to heavy truck 
traffic 

No traffic in sight on 
Broadway 

No traffic in sight on 
Broadway 

90 Feet north of Con.Ed.  
gas turbine generator 
station in operation 

Some construction noise 
from Indian Point 
facility 

Directed toward Indian 
Point facility 

Directed toward fossil 
fuel plant 

Directed between Georgia 
Pacific gypsum plant and 
fossil fuel plant 

Directed toward Indian 
Point facility 

About 700 ft to 750 ft 
west of fossil fuel power 
plant

70-72
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Table 13.1-2 lists the A-weighted and linear sound pressure levels 

recorded at each location. On the days that the noise measurements were made-

January 20 and 21, 1972--the Indian Point 1 facility was not operating, so that 

the measured noise levels did not include any noise due to operation of the 

facility.  

The general impression gained during the noise measurement field trip 

was that traffic noises were the predominant noises in the area. This included 

not only highway traffic, but also rail and general aviation traffic (small

and medium-size planes). At several measurement locations, attempts to obtain 

measurements of the ambient levels with no obvious traffic noise required 

waiting several minutes to obtain a time when local or non-local traffic noise 

was not present. At Location 1, (intersection of Broadway and Bleakley) there 

was virtually no time when highway traffic was not the dominant noise during 

the hour (11:00 to 12:00 noon) when measurements were made. Even at midnight 

when measurements were made at Location 3 (St. Mary's Cemetery), the traffic 

on Broadway made it difficult to obtain ambient readings with no traffic noises.  

Round-the-clock measurements were not made and, since traffic noises are signi

ficant parts of the ambient noise level over perhaps 3/4 of any 24-hour period, 

the levels measured during periods without traffic were taken to reflect the 

period from approximately midnight to 6:00 a.m. when traffic would be minimal.  

Other predominant noise sources in the Indian Point area were 

(l) the fossil fuel power plant installation located on the west side of the 

Hudson River across from Verplanck, and (2) the small Consolidated Edison gas 

turbine generator station located on the east side of Broadway across from the 

Indian Point facility fence (Location 4). This generator station may operate 

continuously during peak demand periods of several days. At Location 6,
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and also (as would be expected) at Location 8, the fossil fuel plant was the 

predominant noise source during the times that measurements were made. The 

noise level at Location 6 was recorded at 1:00 a.m. and at 1:00 p.m. The 

noise at Location 8 was recorded the following day at 1:00 p.m.  

As directed by the AEC, the criteria with which present and predicted 

future noise levels were compared, were those now under consideration by HUD
(1 3a) 

If adopted, these will apply only to areas where residences might be built and 

will be used by HUD as one criterion to determine whether the area is appro

priate for residences where HUD funding is requested. While no such areas 

appear to be involved in this case--that is, the area in the vicinity of the 

Consolidated Edison property does not appear to be suitable for any substantial 

housing development--there are a few existing residences directly across the 

street (Broadway) from the Consolidated Edison property line, so application 

of the criteria proposed to HUD is not entirely inappropriate. Also, if the 

noise sources from Indian Point 2 were loud enough, the adjacent communities 

of Verplanck, Buchanan, and portions of Peekskill could be affected.  

The proposed HUD criteria do not distinguish between pure tones and 

broad band noise, but specify the percentages of time that A-weighted noise 

levels can be exceeded. To determine compliance with these criteria, the 

A-weighted sound levels need to be monitored over a period of time, preferably 

24 hours. However, because noise levels of sources such as traffic are some

what random in nature, and because at any location a 24-hour time-history will 

vary from day to day, an accepted procedure is to record noise levels for 5 

to 10-minute time intervals periodically during a representative time period.  

The representative time period depends, of course, on the nature of the noise 

for the particular situation.  

(13a) Schultz, Theodore J., "Technical Background for Noise Abatement in 
HUD's Operating Programs", Bolt, Beranek and Newman Report #2005, 
Cambridge, Massachusetts, September 1970.  
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For the January 20 and 21 measurements at the Indian Point site, 

the noise was tape-recorded at the times indicated in Table 13.1-2, and these 

data were then reduced and converted to the format used to determine compli

ance with the proposed HUD criteria. Note, that with this procedure, transient 

noise sources such as traffic are included, so the results include all noises-

transient and steady-state.  

The results of these tape-recorded measurements are shown in 

Figure 13.1-2, superimposed on the proposed HUD criteria. This figure shows 

that the ambient levels already exceeded the levels allowed by the proposed 

HUD criteria at Locations 2, 4, and 8 during the time measurements were made.  

Recall that Location 4 was adjacent to the two Consolidated Edison gas turbines, 

Location 8 was adjacent to the fossil fueled power station, and Location 2 

was within 20 feet of Broadway, which is a thoroughfare with heavy truck and 

auto traffic. Tape-recorded data for Locations 3 and 5 are incomplete, but 

the data indicate that Location 3 would fall in the normally acceptable category 

while Location 5 would fall in the nromally unacceptable category. At Location 

1, the curve falls close to the dividing line between "normally acceptable" and 

"normally unacceptable" areas. Since the measurements were made during day

time periods of fairly heavy traffic, the curve would be expected to shift 

to the left slightly to reflect the quieter nighttime traffic in a 24-hour 

sampling period. Locations 6 and 7 are obviously in the acceptable category.  

In summary, existing noise levels at Locations 1, 3, 6, and 7 fall in the 

acceptable category, while levels at locations 2, 4, 5, and 8 fall in the 

unacceptable category.  

The existing noise levels documented above are those which exist 

with the Indian Point facility inoperative. However, the design of the Indian 

Point 2 facility is such that no significant noise sources are expected to be
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FIGURE 13.1-2. ACOUSTIC DATA DISTRIBUTION
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introduced by its operation so that the existing noise levels in the 

surrounding areas are expected to-be virtually the same with Indian Point 2 

in operation. Therefore, the expected environmental impact of Alternative 1-

operation of the Indian Point 2 as presently planned--is zero from the noise 

standpoint.  

Alternative 2. Minimum Water Impact Design 

Each of the six cooling subalternatives which were considered in 

determining the minimum water impact design are examined separately. As 

indicated earlier, subalternative 2E constitutes the minimum water impact design.  

Subalternative 2B 

Environmental Cost: About 300 residents subjected to noise levels 

in the normally unacceptable range. (See note next page.) 

This alternative involves construction and operation of 2 natural 

draft cooling towers--open cycle, each 515 feet in diameter and 500 feet high 

(see Appendix A for the exact locations of the towers). It is expected that the 

noise generated by these towers would be almost white (broad-band) in character, 

and--because the natural draft cooling towers do not employ powered fans to 

move air--that the noise levels generated will be relatively low. Estimates 

of the noise emitted from the natural draft cooling towers have been made( 13b) 

and the results indicate that the noise levels will be in the unacceptable 

region for a distance of 2500 feet from the center of the tower complex.  

(13b) Data supplied by Consolidated Edison.
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Note: These costs are in conformance with assumptions made in the guidelines. Our 

studies indicate that the estimated noise at the Broadway property line is 58 dB(A) and 

the costs will be zero, in that the expected noise from the two hyperbolic cooling towers 

will: 

(a) not exceed the local noise ordinance of the Village of Buchanan along the 

Broadway property line.  

(b) be less than the existing background noise level along Broadway due to 

vehicular traffic which exceeds 60 dB(A) for more than 50% of the time, refer to fig-.  

ure 13.1-2.  

(c) be within the 65 dB(A) limit for "Discretionary-Normally Acceptable" 

category for external noise exposure standards for new construction sites as outlined 

in the U.S. Housing and Urban Development (HUD) Transmittal Noise 1390.2, (sub

ject: "Noise Abatement and Control: Departmental Policy, Implementation Responsi

bility, and Standards." Reference 13a is a contractor's report to HUD and does not 

represent official policy.) 

(d) produce broadband white noise (similar to the noise generated by falling 

rain) that will serve to mask the intrusion of transient environmental noise.  

In addition, the noise radiated from the two hyperbolic cooling towers will be 

limited within the boundary lines of the site with the exception of the Broadway bound

ary line.
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Thus, an area of about 0.7 square miles would experience noise levels in the ' 

unacceptable range, and about 300 residents would be involved. The predicted 

noise levels in the area are shown in Figure 13.1-3 

Subalternative 2C 

Environmental Cost: About 4500 residents subjected to unacceptable 

noise levels.  

Alternative 2C would involve 67 mechanical draft cooling cells 

operating open cycle. Each cell is expected to have an electric motor-driven 

fan rated at 200 horsepower, a total of 13,400 horsepower. (See Appendix A 

for exact location of the towers.) Of all alternatives, this will be the 

noisiest. Ignoring, the directional effects of the cell layout,- the predicted 

noise generated by the mechanical draft cooling towers will produce a sound 

level of 50 dBA at a distance of 6200 feet from the cooling cell complex.  

This means that an area of approximately 4.3 square miles will be in the 

unacceptable zones as defined by HUD. Approximately 4500 residents-are in 

this area.  

Of this area, approximately 0.1 square mile in the immediate 

vicinity of the cells will be in the "clearly unacceptable" classification, 

with the remainder of the unacceptable area falling in the "normally 

unacceptable" classification. The latter would constitute approximately 

4.2 square miles, and encompasses portions of Peekskill, Buchanan, and 

Verplanck. Figure 13.1-4 shows these areas.  

These predicted acoustic levels are those which are emitted from 

the louvered face of the cells. The sound Level on the cased face of the 

cooling cell is expected to be from 5-10 dBA lower, so the corresponding
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areas will experience lower noise levels. Therefore, the noise levels shown 

on the map are conservatively high levels.  

Subalternative 2D 

Environmental Cost: Minor 

This 'alternative requires the use of an open cycle spray pond.  

(See Appendix A for exact location.) This alternative will probably generate 

less noise than the mechanical draft cooling towers because of the absence of 

the large outside fans. The acoustic power generated by the spray pond should 

be proportional to the hydraulic power dissipated, but insufficient information 

is available to enable the noise level to be predicted accurately. The 

character of the noise generated will be almost white (broad-band) in nature.  

Subalternative 2E 

Environmental Cost: About 300 residents subjected to unacceptable 

noise levels.  

This alternative, the preferred alternative, will involve 2 natural 

draft cooling towers--closed cycle, each with a diameter of 420 feet and a 

height of 370 feet. (See Appendix A for exact location.) Comments under 

Alternative 2B apply. As noted in the summary of that section, it is expected 

that 300 residents would be subjected to noise levels in the unacceptable 

category. The predicted noise levels in the area are shown in Figure 13.1-3.  

Subalternative 2F 

Environmental Cost: About 3000 residents subjected to unacceptable 

noise levels.
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This alternative involves the use of 38 mechanical draft cooling cells 

operating closed cycle. Each cell will have an electric motor-driven fantrated 

at 200 horsepower, giving a total of 7,600 horsepower. (See Appendix A for 

exact location.) The noise generated by these cooling towers is predicted 

to produce a, sound level of 50 dBA at a distance of 5000 feet. Consequently, 

an area of approximately 2.8 square miles will. be in the unacceptable zones 

as defined by HUD. Of this area, about 0.1-square mile in the immediate 

vicinity of the cells will be in the "clearly unacceptable" classification.  

This unacceptable zone encompasses portions of Peekskill, Verplanck, and.  

Buchanan, and it is expected that about 3000 residents would be subjected to 

noise levels in the unacceptable category. The predicted noise levels in 

the areas are shown in Figure 13,.1-4.  

As mentioned under Alternative 2C, the predicted acoustic level is 

that emitted from the louvered face of the cell. The levels would be 5-10 

dBA less from the cased side of the cooling.cell, so the noise levels shown 

on the map are conservatively high levels.  

Subalternative 2G 

Environmental Cost: Minor 

This alternative requires the use of a closed cycle spray pond 

(see Appendix A for exact location). Comments under 2D apply.  

Alternative 3. Minimum Air/Land Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: None 

These alternatives are identical to Alternative I and so the 

environmental impact will be the same.
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14. AESTHETICS 

14.1 Appearance 

The aesthetic appearance or quality of'-the environment is 

determined by value judgmen ts made by members of society. Because indi

viduals vary in their perception of the environment, it is often difficult 

to-quantify and reach a consensus of their views. In this report certain 

aesthetic standards were used that have a sensitivity toward the environ

ment and social values, so that it was possible to analyze aesthetic 

considerations on a relative basis.  

Aesthetic impacts from Indian Point-Unit 2 were determined by 

considering the overall aesthetic composition of the area and four elements 

which define this composition.: water, air, fauna and flora, and man-made 

objects, Each of these considerations was systematically analyzed to 

determine any aesthetic changes either favorable or adverse.  

Alternative 1 - Plant As Is 

Environmental Cost: Minor 

The overall aesthetic impact of Unit 2 of Indian Point is negative 

in direction, but minor in magnitude.  

The site for Indian Poin t Unit 2 is located in the Hudson Valley 

directly on the east shore of the Hudson River. Because of the topography 

of the area, the site is visible for several miles from vantage points 

which are distributed in all directions from the site. However, its loca

tion at a bend in the river restricts its visibility to just over a mile 

for those directly on the river.  
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The land use in the-area near the plant is a mixture of relatively 

small residential communities such as Peekskill, Buchanan, Verplanck; parks 

and preserves such as the Palisades Interstate Park, Blue Mountain Reser

vation, Camp Smith; and some industrial developments. Immediately north of the 

plant is a plant of Standard Brands, immediately south a complex owned by 

Georgia Pacific and directly downstream and across the river a five-unit fossil

fueled power plant owned by Orange and Rockland. The land immediately surround

ing the site is heavily wooded and is generally aesthetically pleasing. This 

wooded land creates a buffer zone for the site.  

The structures planned for Unit 2 are compatible with the existing 

structures and, in fact, are even more pleasing aesthetically because of 

the absence of additional stacks. The complex of buildings has an unobjec

tionable simple design and, in fact, the spherical shape of the reactor build

ings is an interesting addition to the landscape.  

The stack, which was constructed for Unit 1, by its very nature 

conflicts with the skyline of the area. Its red and white stripes (required 

by FAA air regulations) tend to accentuate its vertical deviation. The 

stack can be viewed from many locations in the area and tends to underscore 

the entire development. However, there are plans to reduce the stack's 

height in the near future. This change would improve the aesthetic composi

tion of the entire site.  

Transmission lines for Unit 2 will use ornamental poles in place 

of the usual lattice structures in all but the river crossing. For the 

river crossing additional height has been added to the existing towers.  

The use of ornamental poles will greatly reduce the negative 

impact in all areas except in the town of Buchanan. It is expected that 

even ornamental poles will create a minor negative impact in the community.  
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The area adjacent to the switching yard and Unit 2 structures will be 

completely landscaped to make the man-made objects as compatible as possible 

with the natural environment.  

Alternative 2 - Minimum Water Impact Design 

The aesthetic impact of each of the plant cooling subalternatives 

are evaluated in this section. Because the closed cycle natural draft 

cooling tower subalternative represents the minimum water impact design, 

the aesthetic appearance of natural draft towers are examined first.  

Subalternatives 2B and 2E. Natural Draft Cooling Towers 

Environmental Cost: Major 

It is expected-that the overall impact from the natural draft 

towers and the relevant impacts stated in Alternative 1 on the aesthetic 

composition of the Hudson Valley would be negative in nature and major in 

magnitude.  

Two natural draft cooling towers between 400-500 feet high are 

proposed for Indian Point. These towers would be located in an area 

immediately to the southeast of the structures for Units 1 and 2. (see 

Appendix A). Some of the natural vegetation in this area would be elim

inated with the construction of these towers.  

Natural draft towers would dominate the landscape of the valley 

and the towns in the immediate vicinity of the site. The towers and their 

plume would be visible for many miles in all directions from Indian Point.  

Because many individuals use the Hudson Valley for recreation, these con

ditions would pose a major conflict with the natural environment and 

would produce an aesthetically displeasing situation.  
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Subalternative 2C and 2F - Mechanical Draft Cooling Towers 

Environmental Cost: Moderate 

The net impact on the aesthetics of the area is negative in 

direction and moderate in magnitude.  

The mechanical draft cooling towers for the nuclear power plant 

would be located in an area immediately to the southeast of Units 1 and 2.  

(see Appendix A). Because this area is elevated and only partially buffered 

with natural vegetation, these towers would be visible to individuals near 

the site. In the placement of these towers, some of the natural vegetation 

in the area would be removed.  

The water vapor emissions from these towers and the resulting 

ground fog would be noticeable from many locations in the valley. In fact, 

on some days the ground fog would probably cover most of the plant site.  

Subalternative 2D and 2G - Spray Cooling Ponds 

Environmental Cost: Moderate 

It is expected that the overall impact of the spray pond and the 

relevant impacts from Alternative 1 would be negative in direction and 

moderate in nature.  

The spray pond would be located in an area southeast of Units 1 

and 2. (see Appendix A). Because this area is elevated and only partially 

buffered with natural vegetation, it is expected that some of the pond and 

the pipes would be visible to individuals near the site.  

The fogging conditions created by the pond would call attention 

to its location and interaction with the natural environment. These fogging 

conditions are also expected to be visible to individuals in the town of 
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Verplanck which is adjacent to the pond.  

Alternative 3 - Minimum Land/Air Impact Design 
Alternative 4 - Plant License Request Design 

Environmental Cost: 

The aesthetic impact of these two alternatives would be the same 

as for Alternative 1 because the designs are identical.
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15. PERMANENT RESIDUALS OF CONSTRUCTION ACTIVITY 

15.1 Accessibility of Historical Sites.  

Alternative 1. Plant As Is 

Environmental Cost: 0 visitors per year 

Although several historical sites are located in the vicinity 

of the Indian Point Station, no access routes to these sites use any 

(15a) portion of station land 1  . Power transmission lines associated with 

the station do not interfere with public land use and cross only one public 

road immediately east of the station 

Alternative 2. Minimum Water Imact Design 

Alternative 3., Minimum Land/Air Impact Design 

Alternative 4. Plant License Request Design 

Environmental Cost: 0 visitors per year 

The cooling towers associated with Alternative 2 will be located 

on station property and thus will not interfere with existing public road

ways (see Appendix A). Alternatives 3 and 4 are identical to Alternative 1.  

15.2 Accessibility of Archaeological'-Sites 

Alternative 1. Plant As Is 

Environmental Cost: None 

Construction activity at the Indian Point site has revealed no 

evidence of items having archaeological value. No other indication of 

important archaeological activity in the general area could be located (1 5c) 

Thus, the plant site probably contains no valuable archaeological deposits.  

(15a) Indian Point 2 Environmental Report Supplement No. 1 (September, 1971) 
p. 2.1.3-2.  

(15b) Indian Point 2 Environmental Report Supplement No. 2 (October, 1971) 
p. S2-6.  
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Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: None 

Since no off-site land is needed for these alternatives, the 

cost is the same as for Alternative 1.  

15.3 Setting of Historical Sites 

Alternative 1. Plant As Is 

Environmental Cost: 0 visitors per year 

The nearest designated historical site is Stony Point Battlefield, 

located 2 to 3 miles from Indian Point on the opposite side of the Hudson 

River(l5a) . It is doubtful that the existing plant can be seen from this 

location, but if such is the case the most noticable feature would be the 

stack for Unit 1. Thus, Unit 2 structures have very little if any 

additional impact, and no effect on visitations to this historical site or 

to others which are more distant should occur.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: Minor 

The tall (400-500 feet) natural draft cooling towers associated 

with cooling subalternatives 2B and 2E (the minimum water impact design) 

should be visible from the Stony Point Battlefield site and perhaps from 

the U. S. Military Academy and the Van Cortlandt Manor which are both approxi

mately six miles from Indian Point. No visitation figures have been obtained 

for these three sites, so it can only be stated that the environmental effect 

will be negative.  

(15c) Indian Point Unit 2, Environmental Report, Supplement No. 1, 
September 1971.  
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The mechanical draft cooling towers associated with subalternatives 

2C and 2F are low profile structures which should be no more visible from 

the nearest historical site than the power plant itself. The environmental 

cost value for these subalternatives should be zero.- This impact would also 

apply to subalternatives 2D and 2G which ut-ilize a spray pond.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

The impact of these alternatives is the same for Alternative 1.  

15.4 Land Use 

Alternative- 1. 'Plant As Is 

Environmental Cost: 0 acres 

This alternative requies no additional land since the Indian Point 

Unit 2 with its associated transmission facilities are essentially complete(1 5d 'lSb) 

Transmission lines for Unit 2 were constructed on existing rights-of-way.  

Alternative 2. Minimum Water Impact Design 

Environmental Cost: 0 acres 

This alternative (cooling subalternative 2E) requires space for 

construction of two natural draft cooling tower units,.but adequate land 

exists on-site to accommodate these structures (see Appendix A). This 

also applies to cooling subalternative 2B which requires two natural draft 

cooling tower units.  

For cooling subalternatives 2B and'2E sufficient on-site land is 

available for the mechanical draft cooling towers.  

(15d) Indian Point Unit 2, Environmental Report Supplement No. 1, 

September. 1971, p. 2.1.1-1.  
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'For cooling alternatives 20 and 2G the required spray pond would 

also be located on land owned by Consolidated Edison (see Appendix A).  

Alternative 3. Minimum Water Impact Design 
Alternative 4. Plant License Request Design 

The impact of these alternatives will be identical to that of 

Alternative I because they involve the same design..: ' 

15.5 Property.  

Alternative 1. Plant As Is 

Environmental Cost: 0 

Most of the land use in the vicinity of Indian Point Station 

is for residential or industrial purposes and no significant change in 

property values are expected from Unit 2 itself. This is because Unit 1, 

has been operating at the'site for about 10 years., The Unit 2 plant is 

situated on the same property and transmission lines for this plant 

have utilized existing rights-of-way.  

Alternative 2. Minimum Water Impact Design 

Each of the cooling subalternatives from which Alternative 2 

was selected produce some adverse effects which could affect property 

values in the vicinity.' The natural draft towers (subalternatives 2B and 2E) 

are large and present a major aesthetic impact. Mechanical draft cooling 

towers (subalternatives 2C and 2F) cause higher noise levels and lead to 

increased fogging and icing frequencies. The spray pond (subalternatives 

2D and 2G) may cause excessive fogging and icing and high localized salt 

deposition. It is very difficult to predict property value losses for these 

situations on a momentary basis since the impacts of the adverse effects are not ___
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uniformly quantified. Therefore, a qualitative ranking of -potential 

losses will be made which takes into account the area or population 

affected (as indicated by calculations, reported in earlier sections of 

this report) and the type of effect. Three types, of effects to be 

considered in their order of importance are: (1) health and safety, 

(2) damage to real property, and (3) landscape deterioration.  

Cooling Subalternatives 213 and" 2". Natural Draft Cooling Towers 

Environmental Cost: Minor 

Reference to Tables 6.1-1 and 11.1-1 indicates that both salt 

deposition and fogging potential from these two subalternatives is quite 

low complared to the other cooling methods. Noise levels (Section 13.1) 

apparently would be relatively low. Thus, probable effects on health 

and safety and property damage would be mihimal, even near the plant.  

Aesthetically the natural draft towers' have a major impact (Section 14.1) ', 

but. since this is considered third in relative importance, theoverall 

ranking is classified as minor for each subalternative." 

Cooling Subalternatives 2C and 2F. Mechanical Draft Cooling Towers 

Environmental Cost: Major 

Reference to Tables 6.1-1 and 11.1-1 indicates that these 

two subalternatives are intermediate in their salt deposition rates and 

fogging (icing) frequencies. Open cycle operation (2C) would yield.less 

salt and less fog. However, the noise levels (Section 13.1) for this sub

alternative would be more severe and noise from both these subalternatives 

apparently would reach normally unacceptable levels at populated locations off-site.
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Thus definite effects on health-and safety and on property damage could 

result in the vicinity of the plant site. The moderate aesthetic impact 

(Section 14.1) would be of little importance compared to these major 

effects.  

Cooling Subalternatives 2D and 2G. Spray Pond Cooling 

Environmental Cost: Major 

Reference to Tables 6.1-1 and 11.1-1 indicates that these two 

subalternatives offer considerable more potential for extensive salt 

deposition and fogging (icing) frequency than any of the others. Although 

salt deposition should be localized, the wide area affected by fog and the 

implication of this to health and safety and to property damage suggests a 

major effect on property in the region would occur. The minimal expected 

effects of noise (Section 13.1) and the moderate aesthetic impact (Section 

1.4.1). are insufficient to reduce the projected cost.  

Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 

These designs are identical to that of Alternative 1. Thus, 

the cost value is also the same.  

15.6 Flood Control 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: None 

As noted in the Environmental Report Supplement No. 1, flooding 

at the site is nonexistent. Therefore, the plant has no implications 

regarding flood control.
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15.7 Erosion Control 

Alternative 1. Plant As Is 
Alternative 2. Minimum Water Impact Design 
Alternative 3. Minimum Land/Air Impact Design 
Alternative 4. Plant License Request Design 

Environmental Cost: 0 tons per year 

Relatively little dredging and filling were required for the 

construction of the plant intake and discharge structures. With Unit 2 

construction nearly complete site restoration has begun. Landscaping 

and planting activities will remove and control erosion effects.
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BENEFIT DESCRIPTION OF ALTERNATIVE PLANT DESIGNS 
(All monetized benefits expressed in terms of present value)

1. NAME OF FACILITY: 2. DATE OF REPORT 

Indian Point Unit 2 February 1972 

ALTERNATIVES 

1 2 3 4 

Minimum Minimum Plant 

BES -Plant As Is Water I Lanid/Ar License 
BENEFITS +IIPact Impact Request

Electric Power Produced and Sold: Industrial

Commercial

$1,252, 
s1 fl- nn $1,210, 

AAR Anli
- I ~ Y I

Residential 828,819, $801,322, 
S non nnn 

Other Uses ;255,782, $247,297i 
Increased days prsme 

Reliability Index I da per summer 
loss of load without MUU192) 7 ____ 

Process Steam Sold _ _ _ _na n Nn 

Environmental Enhancement: Recreation Acres 94 94 94 94 
No No No No 

Navigation Benefit Benefit Benefit Benefit 

Increased 1972 Air Ouality: S0 2 

Emissions (Tons) NOX 

If Indian 'Point No. 2 -16,nnn 

is not in Service Particulates 

Others 

Education Visitors/yr (visitors center) 100,000 100,000 100,000 100,000 

Research $Million presently planned 
(total Indian Point site) 7.1 7.1 7.1 7.1 

Regional Gross Product no benef t claimed, not pove ty area 

Local Taxes /per year 
4,100,0D 6gOnD.ODn 

Employment Estimated Incremental Payroll/yr $1,200,000$1,200,000$1,200,000 $1,200,000 

Other Benefits 

*Per AEC Guidelines, this does not represent Con Edison's position 

as to the benefit of the plant.
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COST DESCRIPTION OF ALTERNATIVE PLANT DESIGNS 

(All monetiued benefits expressed in terns of present value)

1. NAME OF FACILITY 2. DATE OF REPORT 

Indian Point Unit 2 February 1972 

ALTERNATIVES 

1 2 3 4 

Minimum Minimum Plant 
Plant As Is Water Land/Air License 

Impact Impact Request 

SUBSYSTEMS 

Alternative Cooling Systerm (I) Ae E A A 

Alternative Rad Waste Systems (1I) A A A A 

Alternative Chemical Effluent Systems (Ill) A A A A 

Alternative System (IV) A 

Altemadve System (V) A 

GENERATING COSTS $376,073, 520,975,.  

ENVIRONMENTAL COSTS 1 6 2 1 f

Primary Impact 
1. Heat Discharged to 

Water Body

2. Effects on Water 
Body of Intake 
Structure and 
Condenser Cooling 
Systems 

3. Chemical Discharge 
to Water Body 

4. Consumption of Water 

5. Chemical Discharge 
to Ambient Air

Population or Resource Affected BtU/ tr 
1.1 Cooling Capacity Acre-ft

)3)UXLU 

42
Lb4XLU 

0
bJ)UxIU 

42
1.-Auat'-'^ lbs/yr White Per h .MG specie cost) 2.9 0 2.9 2.9 

1.3 Migatory Fish lbs/yr 0 0 0 0 

2.1 Primary ProducersandConsumens/yr 57xlO5 zoo 3.1x10 4 3.7x10 5  3.7x10 5 

2.2 Fisheries lbs. fish/yr 0 0 0 0 

3.1 People days 0 0 O 0 

32 Aquatic Biota lb/yr 0 0 0 0 

3.3 Water Ouality-Chemical % 0 0 0 0 

4.1 People gal/yr 0 0 0 0 

4.2 Property Acre ft/year 0 0 0 0 

5.1 Air OualityChemical% of standard 2.7 2.7 2.7 2.7 

6.2 Air Ouality-Odor None None None None
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6. Salts Discharged 
from Cooling 
Towers 

7. Chemical Contamination 
of Ground Water 
(excluding Salt) 

8. Radionuclides Dis
charged to Water Body 

9. Radionuclides Discharged 
to Ambient Air 

0. Radionuclide Contamination 
of Ground Water 

11. Fogging and Icing 

12. Raising/Lowering of 
Ground Water Levels 

13. Ambient Noise 

14. Aesthetics 

15. Permanent Residuals of 
Construction Activity

(117/12)

6.1 People gal/yr 0

Acres affected 0 0 0 0 

6.3 Property Resources 0 0 0 0 

7.1 People Gal/yr 0 0 0 0 

7.2 Plant Acres affected 0 0 0 0 .  

8.1 People-External Contact Rem/yr 4. xlU 7x 4.xl 4.bxlU 
Man Rem/yr 053 .20 053 .053 
Rem/yr *5x10 5.5x10 5o5x10 5.5x10 

8.2 People-Ingestion Man Rem/yr 6.1 6.1 6.1 6.1 

8.3 Primary Consumers Rad/yr 2x10 "4  7.5xi0 -4  2x10 - 4  2x10 -4 

SA Fish Rad/yr 2x1O' 7.5x10", 2x10 " 5  2x10 - 5 

Kem/yr 5xlO 5x10 5x10 -  5x10 
9.1 People-External ContacMan Rem/yr 2.4 2.4 2.4 2.4 

Rem/yr . .3x10- 3  4.3x10 4.3xi0 -3  4.3x10 "

9.2 People-Ingestion Man Rem/yr 160 160 160 160 

9.3 Plants and Animals Rad/yr 4x10 5  4x10 5  4x10 5  4x10 5 

m/y__ 00 5  u0 

10.1 People Man Rem/yr 0 0 0 0 

10.2 Plants and AnimalsRad/yr 0 0 0 0 

hirs or 
11.1 Ground "'ran portation 
increased driving hazard/yr 0 0_._0_0 

11.2 V hrs of 
rpor9 1 c-osin g/yr 0 0 0 0 

11.3Watr .hrs which 
11.3 Water Transportation 
__ ships reduce speed/vr 0 0 0 0 

11A Plants acres affected 0 0 0 0 

12.1 People gal/yr 0 0 0 0 

a12.2 Plants 0 0 0 0 

13.1 People residents affected 0 300 0 0 

14.1 Appearance Minor Major Minor Minor 

15.1 Accessibility Vavn. 0 0 0 0 

15.2 Accessibility of Archeological Sites 0 0 0 0 

15.3 Setting of Histori rs/yr 0 Minor 0 0 

15.4 Land Use 0 0 0 0 Acres 

15.5 Property $ 0 Minor 0 0 

15.6 Flood Control None None None None

Erosion Control tons/yr 0
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SUPPLEMENTARY FORM - I 

COST DESCRIPTION - ALTERNATIVE COOLING SYSTEMS 

(Include Associated Coolant Water Treatment Systems)

2/72

1. NAME OF FACILITY 2. DATE OF REPORT 

Indian Point Unit 2 February 1972 

ALTERNATIVES 

A B C D E F 
NDO MDO SPO NDC MDC 

INCREMENTAL GENERATiNG COST $130,413, $117,755,$125,328,$144,902 $120,84, 000 000 00 000 oo 

ENVI RONMENTAL COSS'--* -

Primary Impact 

1. Heat Discharged 
to Water Body

2. Effects on Water 
Body of Intake 
Structure and 
Condenser 
Cooling System 

3. Chemical Dis
charge to Water 

ody 

4. Consumption of 
Water 

S. Chemical Dis
charge to Ambient 
Air 

6. Salts Discharged 
from Cooling 
Towers 

7. Chemical Contami
nation of Ground 
Water (excluding 
Salt) 

8. Radionuclides Dis
charged to Water 
Body

Population or 
Resource Affected 
1.1 Cooling Capacity

350x10 

42

5080x10 

29

5080x10" 

29

5080x10

29

164x10' 

0

123xi0" 

0

1.2 Aquatic Diota 2.9 2.2 2.2 2.2 0 0 

1.3 Migratory Fish 0 0 0 0 0 0 

2.1 Primary Producers & 5 5 5 5 4 4 Consumers 3.7x10z )03.7xl 5 3.7X105  4.2x105  3. 1x10 3.1x104 

2.2 Fisheries 0 0 0 0 0 0 

&I. People 0 0 0 0 0 0 

•421II -Aquatic Biota 0 0 0 0 0. 0 

&.3 Water Ouality-Chemical 0 0 0 0 0 0 

,4.t People 
0 0 0 0 0 0 

4.2 Property 
0 0 0 0 0 0 

.1 Air uality-Chemical 2.7 2.7 2.7 2.7 2.7 2.7 

S.2 Air Quality-Odor 

None None None None None None 
6.1 People 0 0 0 0 0 0 

62Plants 0 0 0 1206 0 0 
6.3 Property Resources 

0 0 Moderate Moderate 0 Aoderate 
7.1 People 

0 0 0 0 0 0 

7.2 Plants 
0 0 0 0 0 0 

8.1 People-External Contact 4.6X10 4.6x10 ' 0 4 .7x 17x10 
.053 .053 .05 .053 .2 .20
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SUPPLEMENTARY FORM - I 

COST DESCRIPTION - ALTERNATIVE COOLING SYSTEMS 

(Include Associated Coolant Water Treatment Systems)

1. NAME OF FACILITY 2. DATE OF REPORT 

Indian Point Unit 2 February 1972 

ALTERNATIVES C 
A C D E F 

q. P 
$40012, _________. ___ 

INCREMENTAL GENERATING COST 000, 

ENVIRONMENTAL COSTS 6

Primary Impact 

1. Heat Discharged 
to Water Body 

2. Effects on Water 
Body of Intake 
Structure and 
Condenser 
Cooling System 

3. Chemical Dis
charge to Water 
Body 

4. Consumption of 
Water 

5. Chemical Dis
charge to Ambient 
Air 

6. Salts Discharged 
from Cooling 
Towers

* 7. Chemical Contami
nation of Ground 

* Water (excluding 
Salt) 

8. Radionuclides Dis
charged to Water 
Body

Population or 
Resource Affected 
1.1 Cooling Capacity

55x10 

0

1.2 Aquatic Biota 0 

1.3 Migratory Fish 0 

2.1 Primary Producers & 4 
Consumers 7.2x104 

2.2 Fisheries 0 

3.1 People 0 

3.2 Aquatic Biota 

3.3 Water Quality-Chemical 0 

4.1 People 0.  

4.2 Property 0 

5.1 Air Quality-Chemical 2.7 

6.2 Air Quality-Odor None 

6.1 People 
• - 0 

6.2 Plants 
1206 

6.3 Property Resources Moderate 

7.1 People 0 

7.2 Plants 

0 

8.1 People-External Contact 1 . 7x10 - 6 

.20
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9. Radionuclides Dis
charged to Ambient 
Air 

10.. Radionudide 
Contamination of 
Ground Water 

11. Foggingandicing 

12. Raising/Lowering of 
Ground Water Levels 

13. Ambient Noise 

14. Aesthetics 

15. Permanent Residuals 
of Construction 
Activity

* NDO 
.B

MDO 
C

SPO 
D

2/72 (117f2) 

NDC MDC 
E F

82 Peoplo- Ingestion 5 .5xlr 55xI' S3JTU 5115T5IT 
6.1 6.1 6.1 6.1 6.1 6.1 

.4 4.. 4 8.3 Primary Consumers 2x1O -  2x1O "  2x1O "  2xlO "4  7.5xi0 " 7.5x10 ' 

8.4 Fish 2x1O "5  2x1O"5  2x1O"5  2x1O-5  7.5x10 7.5x10" 

-44-9.1 People-External Contact 5xlO-' 5x 5I_ 
____, _

-4 04 5 i2 5x10 - 4  5x10 5x10 
2.4 2.4 2.4 2.4 

0.2 People-Ingestion .3x10-4.310- . 3.3x10 4.3x10 4.3x10 74.3x10 
.. _ 160 160 160 160 L60 160 

9.3 Plants and Animals 4X10-5 4x10"5  ,X10-5 "x10- 5  4xi0-5 4x10"5 

10.1 People 0 0 0 0 0 0 0 0 0 0 o 
10.2 Plants and Animals 0 0 0 0 

11;1 Ground Transportation 0 0 0 0 4030 0 88 

11.2 Air Transportation 0 0 0 3150 0 88 

11.3 Water Transportation 0 0 5610 0 175 

11.4 Plants 
0 0 0 Moderate 0 0 

People 0 0 0 0 0 

12.2 Plants 
0 0 0 0 0 0 

)3A People 0 300 4500 Minor 300 3000 

14.1 Appearance 
141Aperneinor Major Moderateloderate Major koderatE 

15.1 Accessibility of 
Historical Sites 0 0 0 0 0 0 

15.2 Accessibility of 
Archeological Sites 0 0 0 0 0 0 

15.3 Setting of 
Historical Sites 0 Minor 0 0 Minor 0 

15.4 Land Use 0 0 0 0 0 0 

15. Property 0 Minor Major Major Minor Major 

15.6 Flood Control None None None None None None 

15.7 Erosion Control A n ^ -

I _____ L _____ I i I
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9. Radionuctidm Dis
charged to Ambient 
Air 

10. Radionuclidk 
Contamina sian of 
Ground Wasar 

11. Fogging andcing 

12. Raising/Louw'ring of 
Ground Wamr Levels 

13. Ambient Nm.  

14. Aesthetics 

15. Permanent Residuals 
of Construcain 
Activity

(11712)

SPC 
G -6 

5.5xi0 
8.2 People-Ingestion . 1_ __ 

_ 

6.1 

8.3 Primary Consumers 7 . 5xlO "4 

8.4 Fish 7.5x10 5 

9.1 People-External Contact 
2.4 

0.2 People-Ingestion 1_ __ _ _ 

9.3 Plants and Animals 4x105 

10.1 People 0 0 

10.2 Plants and Animals 0 

11.1 Ground Transportation 5340 

11.2 Air Transportation 4820 

11.3 Water Transportation 6570 

11.4 Plants 
Moderate 

12.1 People 0 

12.2 Plants 0 

-13.1 eo Minor 

14.1 Appearance Moderate 

15.1 Accessibility of 
Historical Sites 0 

15.2 Accessibility of 
Archeological Sites 0 

15.3 Setting of 
Historical Sites 0 

15.4 Land Use 0 

15.5 Property qaior 

15.6 Flood Control None 

15.7 Erosion Control 0

I & a.
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APPENDIX A

Alternative Cooling Systems 

The purpose of this section is to provide additional documen

tation in support of the engineering and cost information presented 

in the "COST DESCRIPTION" portion of the Benefit-Cost analysis with 

regard-to alternative cooling systems. The scope of the information 

provided for each of the cooling alternatives considered is as 

'follows: location and physical arrangement, structural modifi

cations, cost estimates (capital, contingency, maintenance, and 

incremental generation) , and design assumptions.
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A. Location and Physical Arrangement 

The cooling systems considered as alternatives to the present 

Indian Point Unit No. 2 once-through cooling system are as 

follows: 

Natural draft wet cooling towers operated in an open-cycle 
configuration (Alternative 2B - NDO).  

mechanical draft wet cooling towers operated in an open
cycle configuration (Alternative 2C - MDO).  

Land-based spray ponds operated in an open-cycle confi
guration (Alternative 2D - SPO).  

Natural draft wet cooling towers operated in a closed
cycle configuration (Alternative 2E - NDC).  

mechanical draft wet cooling towers operated in a closed
cycle configuration (Alternative 2F - MDC).  

Land-based spray ponds operated in a closed cycle confi
guration (Alternative 2G -. SPC).  

Figures 2B through 2G show the location (southeast of Units 

1 and 2) and the physical arrangement of each of the 

alternative cooling systems.  

Table Al presents a physical description (size and numiber) 

of the major equipment, structures and components such as 

cooling towers or spray modules, circulating water booster 

pumps and piping runs for each of the alternatives considered.
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FIGURE 2B 

UNIT 2- INDIAN PT. STATION 
NATURAL DRAFT 

EVAPORATIVE COOLING 
TOWERS-OPEN CYCLE

H U D S 0 -N

0, 200' 400' 600' 0 O' 1000 
I - L I 

SC A IE
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FIGURE, 2C 

UNIT 2-INDIAN PT. STATION 
MECHANICAL. DRAFT 

EVAPORATIVE COOLING 
TOWERS-OPEN CYCLE

HUDSON

0 200, 4000'go, g00' 1000, 

SCALENOR TN



FIGURE 2D 

UNIT 2- INDIAN PT. STATION 
SPRAY POND (PSM) 

OPEN CYCLE

HUDSON

0 zo' 400' OO' Soo' 10,o 
I SCAL 
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FIGURE 2E 

UNIT 2- INDIAN PT. STATION 
NATURAL DRAFT 

EVAPORATIVE COOLING 
TOW E RS -CLOSED CYCLE

HUDSON

0 200' 400' Go0 800 000 

SCALE
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FIGURE 2F 

UNIT 2 - INDIAN PT. STATION 
MECHANICAL DRAFT 

EVAPORATIVE COOLING TOWERS 
CLOSED CYCLE

HUDSON

0 200, 40d 800 800 000' 

SCALE.
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TABLE A-I

Description of Alternative Cooling Systems

OPEN CYCLE 
Nat. Draft- Mech. Draft 

2B 2CTitle
Spray Pond 

2D
Nat. Draft 

2E

CLOSED CYCLE 
Mech. Draft 
~2F

Spray Pond 
2G

1. Cooling Elements 

a. No. of Nat. Draft 
Towers, Mech.  
Draft Cells or 
Spray Modules. 2 

b. Dimension: 

Length or dia., ft 515 

Width, ft. -

Height, ft. 500 

c. No. of motors -

d. BHP (each) 

e. Static Pump Head, ft 155 

2. Circ. Water Booster Pumps

a. No.  

b. Cap. (each) 10 qpm 

c. TDH, ft.  

d. BHP, (total) 

3. Piping 

a. Dia. ft.  

b. Length, ft.

240

Two 880 
One 920 

.70 

60 

67 

200 

140

6 

145 

175 

48,500 

12 

12,300

6 

145 

160 

44,000 

12 

12,300

6400* 

240*

240 

75 

100

6 

145 

120 

33,000 

12 

12,300

420 

370

155

6 

145 

175 

48,500 

12 

18,000

38 

Two 520 
One 480 

70 

60 

38

200 

140

6 

145 

160 

44,000 

12 

18,000

* Dimensions of spray pond.

192 

5120* 

240* 

192 

75

100

6 

145 

120 

33,000 

12 

18,000
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B. Structural Modifications 

The major construction work required is described in the 

following paragraphs: 

a. Clearing, Grading, Excavation and Foundations 

The clearing, grading, excavation and foundation require

ments are based on the land area and volume occupied by 

the alternative cooling system and the nature of the 

land occupied. The physical dimensions of the cooling 

alternatives are given in Table Al. Spray ponds occupy 

the most area whereas mechanical draft cooling towers re

quire the least. With regard to foundation loads, natural 

draft cooling towers have the largest whereas spray ponds 

have the smallest. For the location selected, cover 

clearing, earth excavation, rock excavation, removal of 

rubble and grading would be required.  

b. Condenser Discharge Tunnel Modification 

The condenser discharge tunnel connecting Unit No. 2 to 

Unit No. 1 and the river discharge canal would be blocked 

off to prevent the Unit No. 2 condenser circulating water; 

from bypassing the cooling towers or spray pond.- This 

could be accomplished by installing stop logs at suitable 

locations as indicated in Figure A-i. Figure A-i also shows 

a new 16 ft. wide tunnel to be constructed outside the Unit 

No. 2 Turbine-Generator Building leading to a new circulating 

water booster pump house. Two new 10 ft. by 14 ft. cross

over ducts would be required to permit the condenser circu

lating water to flow into the new tunnel.

S3-A1O



2/72

C. Circulating Water Booster Pum!p House 

The vertical circulating water booster pumps which would 

be required to transfer the condenser discharge water to 

the cooling element would be housed in a pump house, 

located north of the Unit No. 2 Turbine-Generator Building.  

d. Piping Installation 

All piping runs leading to and returning from cooling 

towers or spray ponds would be underground except for 

those segments which may be elevated in the immediate 

vicinity of the cooling element.  

e. Intake Structure Modification 

Modifications to the intake structure would be required 

only for the closed cycle cooling alternatives. Figure 

A-2 shows the modified intake structure which would include 

a sheet pile enclosing structure. Provisions would be 

made for supplying river water for the service water 

pumps and makeup for the closed-cycle operation. Flow 

control weirs would be required to regulate the water 

level in each circulating water pump pit.  

f. Connection to River Discharge Canal 

For the open-cycle cooling alternatives, the cooling 

tower or spray pond effluent will be returned to the river 

through the existing river discharge canal.  

g. Blowdown Line (applicable to all closed-cycle alternatives) 

In order to allow the discharge of chemicals and radio

active wastes from the plant through the river discharge 

canal, a 22" blowdown line with a motor-operated valve

S3 -All



2/72

(see Figure A-2) would be provided to bypass the seal in 

the condenser discharge tunnel (discussed in Subsection b).  

h. Auxiliary Transformer 

An auxiliary transformer would be required to serve the 

new circulating water booster pumps, motors, mechanical 

draft cooling tower fan motors, spray module pump motors, 

etc.  

0
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NEW CIRCULATING WATER 
BOOSTER PUMPHOUSE

TUNNEL EXTENSION 
(BOTTOM SAME AS EX

ISTING TUNNEL)

10' X 14' 
PASSOVER DUCTS (2) (INSERT A)

96v O.D. CONDENSER 
DISCHARGE DUCT

+ 12' ELEV.  
t 7 ASSUMED 

WATER LEVEL 
8'ELEV.

22" BLOW DOWN 
PIPE WITH MOTOR 

OPERATED CONTROL 
VALVE.

UNIT 2 DISCHARGE 
TUNNEL 

CONDENSER DISCHARGE 
- TUNNEL SEAL-OFF

NOT TO SCALE

- 13' ELEV.

INSERT A

SECTIONAL VIEW OF CROSSOVER DUCT

FIGURE A .

INDIAN POINT UNIT 2 DISCHARGE TUNNEL MODIFICATION SCHEMATIC



DISCHARGE FROM 
COOLING TOWERSOR 
COOLING PONDS

,INTAKE STRUCTURE

PUMPS (6)

.FLOW CONTROL 
WEIR (6)

SHEET PILE 
STRUCTURE

NOT TO SCALE 

HWL EL.+7L4"J 

_MHW EL.+ 2 -2 " 

MLW EL.- 1'- 0 

LWL EL.-4-50 

/ FLOW CONTROL
.-- , F -" / WEIR 
/ 

.CROSSOVER TO -' -- / 

SERVICE WATER 
AREA 

(CROSS SECTIONAL 
AREA APPROX. 100 
SQ. FT WITH SCREEN) 

INSERT A 

FIGURE A 2 

INDIAN POINT UNIT 2 INTAKE STRUCTURE MODIFICATION SCHEMATIC

0
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C. Cost Estimates 

a. Capital Estimates and Contingencies 

Table A2 shows the estimated capital cost and the total 

cost including contingencies for the installation of each 

of the cooling system alternatives beginning in 1972 and 

ending in 1975. These estimates are based upon the items 

listed in Table Al and the construction work discussed in 

Section B.  

The major costs are the installed cost of the cooling 

elements, the cost of excavation and foundations and the 

(installed) cost of piping. As can be seen from Table A2, 

the mechanical draft cooling alternative has the lowest 

estimated capital cost while the natural draft cooling 

alternative has the highest estimated capital cost. This 

is true for both open-cycle and closed-cycle cooling.  

The contingencies used to estimate the total cost of 

each of the cooling alternatives are detailed in Table 

A3. for each million dollar of capital expended.  

b. Maintenance Costs 

For the natural draft towers, the cost of maintaining 

the fill was estimated at $150,000 per year per tower.  

For the mechanical draft towers, the cost of maintaining 

the fill was estimated at $13,000 per year per cell. The 

cost of maintaining the 200 HP fan motors was estimated 

at $4,000 per year per motor. For example, the cost of 

maintaining the closed-cycle tower would be $647,000 per
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year which would include $495,000 for the fill and 

$152,000 for the fan motors.  

For the spray pond, maintenance was estimated at $1500 per 

75 HP motor per year.  

The maintenance cost estimates for each of the alternatives 

considered are summarzied in Table A4.  

The incremental generating costs associated with each of 

the cooling system alternatives are discussed in the 

"BENEFITS" section.
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TABLE A2 

Cost Estimates for Cooling 
System Alternatives 
(Millions of Dollars)

Excavation and Foundation 

Modify Intake Structure 

Booster Pump House 

Cooling Element (Installed) 

Booster Pumps (Installed) 

Piping: 
Condenser - Pump House 
Pump House - Cooling Element 
Blowdown Line 

Electrical Costs 

TOTAL ;(BASE COST) 

TOTAL (WITH CONTINGENCY 
AND ESCALATION)*

Nat.  
Draft, 

13.10 

1.56 

17.40 

1.78 

0.81 
16.60 

4.02 

55.27 

97.50

OPEN CYCLE 
*Mech.  
Draft 

5.65 

1.56 

8.10 

1 .67 

0.81 
16.60 

5.72 

40.11 

70.75

Nat..Nat.  
Draft 

:8.75 

0.45 

1.56 

-2.60 

1.78

Spray 
Ponds 

13.60 

1.56 

5.00 

1.44 

0.81 
16.60 

6 . 50 

45.51 

80.28

0.81 
24 30 
0.07 

4.02 

54.34 

95.86

CLOSED CYCLE 
Mech.  
Draft 

3.20 

0.45 

1.56 

4.60 

1.67 

0.81 
24.30 
0.07 

5.02 

41.68 

73.52

* See Table A3

Spray 
Ponds 

10.90 

0.45 

1.56 

4.00 

1.44 

0.81 
24.30 
0.07 

6.10 

49.63 

87.55
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TABLE A3 

CAPITAL ESTIMATE SUMMARY 
ESTIMATE NO.  

PROJECT/LAYOUT NO._ _ _ ACCOUNT NO. DATE 2/16/72 

REQUESTED BY LOCATION/DESCRIPTION 

ESTIMATED BY Installation of Cooling 

CHECKED BY__System Alternatives for 

PROJECT START DATE 1972 Indian Point Unit No- 2 

PROJECT COMPLETE DATE 1975 

CONTRACT LABOR AND MATERIAL (UNIT PRICE CONTRACTS) .......... 1000,000 

COMPANY LABOR ............... .......................... 20,000 

PROJECT MANAGEMENT AND INSPECTION ..............................  

COMPANY TRANSPORTATION.. . ...................................  

CONTRACT LABOR ..............................................  

CONTRACT MATERIAL ..........................................  

OVERHEAD AND PROFIT CN CONTRACT MATERIAL ......................  

COMPANY MATERIAL ........................ .... ...............  

SALES TAX .............................. ...............  

STORES HANDLING................................ .............  

TOTAL DIRECT COST 1,020,000 

20 %CONTINGENCIES ......................................... 204 00 

SUB TOTAL WITH CONTINGENCIES 1 224,000 

12 % ENGINEERING AND ENGINEERING SUPERVISION ........... .. 147,000 

SUB TOTAL WITH ENGINEERING 1,371,000 

1.6 % ADMINISTRATION AND SUPERVISION ............................ 22,000 

PAYROLL TAXES AND PENSIONS 1,393,000 

% OF COMPANY LABOR..................  

% OF COMPANY ENGINEERING ............. $32,000 32,000 

SUB TOTAL 1,425,000 

10.5 % ESCALATION ........................................ 150,000 

ESCALATED TOTAL 1, 575,000 

12 % INTEREST DURING CONSTRUCTION .............................. 189,000 

1,764't000 

ESTIMATED TOTAL 

ESTIMATE BASED ON 

CONSTRUCTION DEPT. CONCURRANCE BY
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TABLE A4 

Estimated Annual Maintenance Costs 
for Cooling System Alternatives

Natural Draft' 

Mechanical Draft 

Spray Ponds

Open Cycle 

$300,000 

$1,139,000 

$360,000

Closed Cycle 

$300,000 

$647,000 

$290,000
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D. Design Assumptions 

a. Wet Bulb Temperature 

The wet bulb temperature is the equilibrium temperature 

that would be measured if air was adiabatically saturated 

with moisture. A peak wet bulb ambient air temperature 

of 77IF and a summer average wet bulb temperature of 65
0F 

were used as the basis for the performance calculations.  

Typically, the wet bulb temperature will equal or exceed 

77*F in the vicinity of Indian Point only during 1% of the 

summer months. Although no precise measurements or the wet 

bulb temperature in the vicinity of Indian Point presently 

exist, wet bulb temperature measurements for air conditioning 

purposes do exist for surrounding areas. (1 ) These measure

ments show the wet bulb temperature to be in the range of 

70 to 800F. These wet bulb temperatures have been and 

are being used for design within the Indian Point area 

and have not caused design inadequacies to the knowledge 

of Con Edison.  

A maximum river water temperature of 750F at the condenser 

inlet was used in order to compare the power generation 

loss of each of the cooling alternatives to the once

through cooling system. This temperature i-s more represen

tative of the yearly average maximum river water temperature 

than the highest-ever recorded value of 79'F which occurs 

infrequently.  

(1) Cooling Tower Fundamentals and Application Principles 
published by Marley Company, 1969.
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b. Approach Temperature 

The approach temperature is defined as the temperature* 

of the effluent from the cooling element (tower or pond) 

less the ambient air wet bulb temperature. The approach 

temperature was selected to provide the highest possible 

power generation with minimal environmental effects.  

For the open cycle alternatives, the water from the 

river passes, through the condenser where the heat rejected 

from the thermal cycle is absorbed. The water is then 

pumped to the cooling element where it is cooled and 

then returned to the river via the existing river dis

charge canal. For these alternatives, the approach 

temperature must be low because the effluent, must be 

cooled to a temperature as low as practical before being 

returned to the river. For the 770F wet bulb temperature 

and 55% relative humidity conditions, a 10°F approach 

temperature was used. Lower approach temperatures would 

require cooling elements much larger than those presently 

indicated in Table Al. The available land at the site.  

is not conducive to the construction of cooling elements 

larger than those already specified.  

For the closed-cycle alternatives, a higher approach 

temperature can be realized because the cooling element 

effluent is returned to the condenser inlet and not 

discharged to the river. Under these conditions, the 

primary consideration is balancing generation losses 

against the capital investment and the operating costs
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of the plant. High approach temperatures reduce the 

number and the size of the cooling elements required, but 

also result in larger generation losses. The approach 

temperatures selected for the closed cycle cooling 

alternatives for the 77°F wet bulb temperature condition 

are as follows: 22°F for the natural draft cooling towers, 

15 F for the mechanical draft cooling towers, and 20°F for 

the spray pond. The size and the number of the cooling 

elements listed in Table Al are based on these approach 

temperatures.  

c. Range 

The temperature range of a cooling element is defined as 

the difference between the cooling element inlet and 

effluent temperatures. This parameter depends on the 

plant electrical output, the reactor thermal output, 

the turbine exhaust-pressure and the cooling water flow 

rate through the condenser. For Indian Point Unit No. 2 

operating at the initial turbine guarantee of 906 MW 

(gross), the design values are as follows: 2758 MW(t) 

reactor output, 1.5" Hg absolute turbine exhaust pressure 

and a condenser cooling water flow rate of 840,000 gpm 

and service water cooling in the amount of 30,000 gpm, 

thus making a total of 870,000 gpm.  

For closed-cycle cooling, the cooling element temperature 

range is equal to the temperature rise across the con

denser (15.1 0F). All the heat absorbed by the cooling 

water passing through the condenser is rejected to the 

atmosphere by the cooling element.  
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For open cycle cooling, the temperature range depends 

on the river water temperature, the temperature rise 

through the condenser and the value of the wet bulb 

temperature.  

d. Main Turbine Exhaust Pressure 

The saturation temperature of the main turbine exhaust 

steam determines the main turbine exhaust pressure.  

Once the turbine exhaust pressure is known, then the 

resulting turbine output load can be determined. The 

saturation temperature is found by summing the wet 

bulb temperature, the approach temperature, the 

temperature range and the condenser terminal temperature 

difference with allowance for air in-leakage. This 

technique was used to calculate the peak generation 

losses for each alternative shown in Table A5.  

In order to illustrate this technique, consider a 

closed cycle natural draft cooling tower operating 

with the following conditions: a peak wet bulb 

temperature of 770F; an approach temperature-of 220F; 

a temperature range of 15.1*F and a condenser terminal 

temperature difference of 9'F. The saturation temperature 

of the main turbine exhaust steam is 123.1*F. This 

corresponds to an exhaust steam pressure of 3.75" Hg 

absolute. From vendor's data (Figure A-3) , the load 

correction factor for a 3.75" Hg absolute exhaust steam
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pressure and a turbine rating of 906 mw (gross) is 

approximately -7.1% or a load reduction of 64 mw. The 

resulting net turbine output is then 842 mw (Item l, 

Table A5).  

For the once-through cooling system operating with a 

75°F river water ambient temperature, a 14.6 0F temperature 

rise across the condenser and a condenser terminal 

temperature difference of 9°F, the resulting saturation 

temperature is 98.6 0 F. This results in a main turbine 

exhaust pressure of 1.88" Hg absolute. Referring to 

Figure A-3, the load correction factor for these 

conditions is approximately -0.8% or a load reduction 

of 7 mw. Thus, the net turbine output is 899 mw (foot

note (a), Table A5). Item 2, Table A5 shows the incremental 

generation loss (57 Mw) with respect to the once-through 

cooling system., In addition, 24.7 Mw of auxiliary power 

is required for the circulating water booster pumps 

(Item 3, Table A5). The total derating resulting from 

the closed-cycle natural draft cooling alternative is 

81.7 Mw (Item 4, Table A5). Since the power requirement 

of the normal plant auxiliary loads is 33 Mw, the net 

plant output is 784.3 Mw (Item 7, Table A5). The values 

listed for the other alternatives listed in Table A5 

were obtained in the same fashion.  

Table A6 shows for each alternative cooling system the 

yearly average generation loss and the resulting increased 

net plant heat rate. To calculate the turbine capacity 

loss for a closed-cycle natural draft cooling tower on an
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average summer day, the following conditions were 

assumed: a summer average wet bulb temperature of 650F, 

a 30°F approach temperature, a 15.1 0F temperature range 

and an 8.50F condenser terminal temperature difference.  

The resulting saturation temperature of 118.6 F corres

ponds to an exhaust steam pressure of 3.3" Hg absolute.  

Referring to Figure A-3, the load correction factor for 

these conditions is -5.5% or a load reduction of 50 Mw.  

To obtain a yearly average capacity loss, the average 

summer day derating was divided by four resulting in 

a loss of 12.5 Mw (Item 1, Table A6). This capacity 

loss combined with power requirements for cooling system 

auxiliaries (24.7 Mw) and normal plant auxiliary loads 

(33 Mw) results in a total derating of 70.2 Mw. The net 

plant output is then 835.8 Mw (Item 6, Table A6). The 

net plant heat rate (Item 7) is the reactor thermal 

output (2758 Mw(t)) divided by the net plant output.  

(835.8 Mw) or 11,259 Btu/kwhr. The values for the 

other alternatives listed in Table A6 were obtained in 

the same manner.  

e. Drift 

The drift assumptions for the various cooling elements 

considered were derived from the following sources: 

(a) With regard to natural draft cooling towers, studies 

(including test measuresments) performed by Pickard, 

Lowe and Associates - "Forked River Nuclear Station 

Unit 1 Natural Draft Salt Water Cooling Tower -
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Assessment of Environmental Effects," published 

January 1972 indicate that the drift from such 

devices is 0.0025%.  

(b) For spray pond modules, vendors estimate the drift 

to be <1.0%.  

(c) For mechanical draft cooling towers, vendors are 

guaranteeing 0.1% drift.  

f. Blowdown 

The blowdown rate for each closed-cycle cooling alternative 

was based on the requirement of maintaining the concentration 

of the closed cycle cooling water at two cycles. This limit 

was selected on the basis of data collected by the U.S.  

Geological Survey at Tompkins Cove, N. Y. (Table 2.1-3 

of the Indian Point Unit No. 2 Environmental Report, 

Supplement 1) and studies performed by Quirk, Lawler and 

Matusky (Figure 13 of Appendix A and Figure 2 of Appendix J 

in Supplement 1 to the Indian Point Unit No. 2 Environ

mental Report) which show that for the major part of the 

year the blowdown concentration would not exceed the maxi

mum river salinity expected during the year.  

The blowdown rate is also influenced by drift and evaporation.  

The drift assumptions were discussed in Subsection e. The 

evaporation will be 1% of the circulating water for every 
(2 and 3) 

10°F of cooling range.  

(2) Betz Handbook of Industrial Water Conditions, P255 

(3) Leung and Moore; Combustion, Nov. 1970', "Water Consumption 
Determination for Steam Power Plant Cooling Towers."
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The cooling element temperature range for closed cycle 

cooling is equal to the temperature rise across the 

condenser, 15.1 0F. Therefore, it was assumed that 1.51% 

of the cooling water was evaporated. Knowing the drift 

(D) and evaporation (E) effects, the blowdown rate (B).  

can be calculated using the following relationship: 

B = (E - D) times the cooling flow. For example, for 

the natural draft cooling towers and a cooling flow of 

870,000 gpm, the blowdown rate, B, is (1.51 - .0025) times 

870,000 gpm or 13,115 gpm.  

The application of intermittent chlorination at the inlet 

to the condenser provides tower growth inhibition.  

Controlling the pH of the circulating water and 

operating at only two cycles of concentration avoids 

the use of addition for scale control in addition to 

minimizing the dissolved solids in blowdown.
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TABLE A5 

Generation Capability of Cooling System Alternatives 
for 77°F Wet Bulb Temperature 
(Turbine Rating - 906 Mw Gross)

Item

1. Net Turbine 
Output With 
Alternative, Mw

Nat. Draft 
2B

899 (1.88")

OPEN CYCLE 
Mech. Draft 

2C 

899 (1.88")

Spray Pond 
2D 

899 (1.88")

Nat. Draft 
2E

842 (3.75")

CLOSED CYCLE 
Mech. Draft 

2F
Spray Pond 

2G

865 (3.05") 850 (3.5")

2. Incremental 
Loss of Turbine 
Capacity (With 
Respect to 

M Once-Through 
o System (Mw) (a) 

3. Cooling System 
'Auxiliaries, Mw 

4. Sub-Total 
Derating Because of 
Alternative, Mw 

5. Normal Plant Auxi
liary Load, Mw 

6. Total Derating, Mw 

7. Net Plant Output, 
Mw

24.7 

24.7

34.7 

34.7

57.7 

841.3

67.7 

831.3

0 

38.0 

38.0 

33 

71 

828

57 

24.7 

81.7 

33 

114.7 

784.3

34 

30 

64 

33 

97 

802

(a) The turbine net Mw for the onci-through cooling system. is 899 (1.88" Hg absolute).

49 

35.4 

84.4 

33 

117.4 

781.6



TABLE A6

Yearly Average Generation Capability and 
Change in Net Plant Heat Rate for Alternative Cooling Methods 

(Turbine Rating - 906 Mw Gross) 

OPEN CYCLE ..... _...CLOSED CYCLE 
Nat. Draft Mech. Draft Spray Pond Nat. Draft Mech. Draft Spray Pond 

Item 2B 2C 2D 2E 2F 2G 

1. Loss of Turbine 
Capacity, MW 
Average (a) 0 0 0 12.5 6.5 10.5 

2. Cooling System 
Auxiliaries, Mw 24.7 34.7 38 24.7 30.3 35.4 

3. Sub-Total 
Derating Because of 
Alternative, Mw 24.7 34.7 38 37.2 36.8 45.9 

4. Normal Plant 

Auxiliary Load, Mw 33 33 33 33 33 33 

5. Total Derating, Mw 57.7 67.7 71 70.2 69.8 78.9 

6. Net Plant Output, 848.3 838.3 835 835.8 836.2 827.1 
Mw 

7. Net Plant Heat Rate 
(Btu/kwhr) (b) 11,093 11,225 11,269 11,259 11,253 11,377 

NOTES: 

(a) Yearly average derating is equal to average summer day derating.  

(b) For turbine rating of 906 Mw (gross) net plant heat rate for once-through cooling system 
is 10,781 Btu/kwhr.
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g. Thermal Discharge to River Calculation 

(a) One-Through Cooling System 

The heat generated is found using the following relation

ship: 

Q = Mi (Ah)i 

The steam flow to the condenser is as follows: 

M1 - Low Pressure Turbine Steam Exhaust (lbs/hr) 6,519,540 

M 2 - Boiler Feed Pump (lbs/hr) 117,584 

M3 - Low Pressure Extraction for Moisture Removal 
(lbs/hr) 50,157 

6,677,281 lbs/hr 

The differential specific enthalpy for each component is: 

Ah1 - (992.9 - 59.7) = 933.2 B/hr per lb. of steam 

Ah 2 - (974.3 - 59.7) = 914.6 B/hr " " " 

Ah 3 - (1039.9 - 59.7) = 980.2 B/hr " " " " 

The resulting Q values are: 

Q1 = (6.52 x 10 6) (933.2) = 6084.46 x 106 Btu/hr 

Q2 = (0.118 x 10 )(914.6) = 107.92 x 10 Btu/hr 

Q3 = (0.050 X 10) (980.2) = 49.01 x 10 Btu/hr 

6 
QTotal 6241.39 x 10 Btu/hr 

Service Water requirements are 30,000 gpm or 15 x 106 lbs/hr.  

This value (15 x 106 lbs/hr) times the temperature rise 

(6.7 Average rise) results in a Q of 100 x 106 Btu/yr.  

Therefore, the total Q is 6341.39 x 106. The actual value 

6 
used is 6350 x 10 Btu/hr.
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(b) Open Cycle Alternatives

Avera

In order to determine the heat emitted to the water body on 

a yearly average basis, the year was broken into two time 

periods; summer and the remainder (fall, winter, spring) 

of the year. The average temperature conditions assumed 

for these two time periods are listed below: 

Summer Remainder of Year 
Conditions Conditions 

geRiO F  OF 

ge River Temp. 70 50

Average Rise Across 
Condenser 

Condenser Outlet 
Temperature 

Average Wet Bulb-Temp.  

Approach 

Tower Inlet Temperature 

Tower Effluent Temp.  

Range

14.6 

84.6 

65 

11 

76 

84.6 

76.0 

8.6

14.6 

64.6 

50 

15 

65 

64.6 

65 

-0

Since the average range during the fall, winter and spring 

is approximately zero, the yearly average range is just the 

summer average divided by 4 or 2.,21F. Therefore, approxi

mately 1,5% (2.2/14.6) of the heat absorbed in the condenser 

by the circulating water is rejected to theatmosphere. In 

order to account for uncertainties, a 20% number was used.  

Therefore, the heat emitted to the river body is 80% of the 

6 6 6350 x 10 Btu/hr calculated in part (a) or 5080 x 10 Btu/hr.
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(c) Closed Cycle 'Alternatives 

The method used to calculate the heat emitted to the 

water body for closed cycle cooling is demonstrated for 

the natural draft cooling alternative. The heat carried 

by the blowdown from the cooling tower to the river can 

be found by taking the product of the flow rate of the 

blowdown water and the enthalpy difference between the 

blowdown water and river water. The temperature of 

the blowdown water exceeds the temperature of the river 

water by 31°F, as a year-round average. This 31°F, when 

multiplied by a blowdown flow of 6.56 x 106 lbs/hr (1.507% 

of 870,000 gpm) gives 203 x 106 Btu/hr of heat discharged 

to the river. The temperature conditions assumed are 

listed below.  

Surmer Remainder of Year 
Conditions ronditions 

OF  OF 

Average Rise Temperature 70 50 

Average Rise Across 
Condenser 15.1 15.1 

Condenser Outlet 
Temperature 85.1 65.1 

Average Wet Bulb Temp. 65 50 

Approach 30 33 

Tower Effluent Temperature 95 83 

Tower Effluent 95 83 

Average River Temperature -70 -50 

25 33 

Year-Round Average - 310F
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The heat discharged to the river for mechanical draft 

cooling towers and the spray pond was calculated in a 

similar manner.
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Appendix B Alternative Fish Protection Measures 

The Consolidated Edison company has considered various 

new intake structures, modifications of the existing intake 

structures and other alternatives for prevention of fish 

kills at Indian Point Station. A brief description of 

these measures follows.  

Concept 1: vertical traveling screens straight line in the 

River. This concept consists of a common intake structure 

built farther out in the river with a single row of verti

cal traveling screens parallel to the river flow. This 

structure would screen water for all three units at Indian 

Point and would be designed to permit, intake velocities 

below 0.3 feet per second during the colder parts of the 

year and.0.5 feet per second in the summer. The traveling 

screens will also deny access under the wharf to the fish, 

thereby eliminating the possibility that the wharf is acting 

as an attraction mechanism. The effectiveness of this 

structure will depend on low intake velocity and washing 

of the front of the screens by river's stronger currents.  

The preliminary estimated cost of this structure is $11,500,000.  

Concept 2: horizontal traveling screens straight line in 

the river. -This is similar to Concept 1 but with horizontal
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traveling screens to replace the vertical traveling screens.  

As the name implies, screen panels on'the horizontal travel

ing screen move in a horizontal fashion thus pushing the 

debris and fish to the side within the water column rather 

than lifting it out of the water as in the vertical travel

ing screen. The horizontal traveling screen is still in 

the developmental stage and has not been commercially demon

strated.  

The cost of this structure would greatly exceed 

$11,500,000 and would, of course, have to include costs for 

development and testing..  

Concept 3: vertical traveling screens VV shape with by-

pass in the river. This is simlar to Concept 1 with'the 

vertical traveling screens placed in two or three V shaped 

arrangements with by-passes and fish pumps for removing 

fish. When the screens are placed at an angle in the flow, 

a unidirectional flow pattern is established immediately 

in front of the screen. The velocity component through the 

intake screen can be increased to 1 feet per second. The 

velocity component in the by-pass is 1.4 times the-component 

through the screen and carries the fish into the by-pass.  

The fish are then returned to the river either by pumping 

or lifting from the by-pass water. By-passes have been
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successfully used without pumps or lifts on free flowing 

streams on the west coast especially for the migratory species 

of fish. Their application to an estuarine water body re

quires pumps to maintain flow in the by-pass. Fish mortality 

in fish pumps can be expected to range from 5 to 50% based 

on limited testing made to date.  

The cost of such an intake structure would be approxi

mately $14,600,000.  

Concept 4:. "relocation of vertical traveling screens at 

the front of the forebays at Units 1 and 2. Since the 

vertical traveling screens are recessed inside the forebay 

at Unit 1, a situation is created where small fish entering 

the forebay loose the freedom of lateral movement and ulti

mately impinge on the screen. To rectify the situation 

fixed screens have been placed out front which require fre

quent cleaning and added manpower. The vertical traveling 

screen can be placed at the front of the forebay where the 

fish will be free to move laterally in front of the screen 

to avoid impingement. If the screens were to run continuous

ly, an impinged fish could be washed off the screen with 

practically no delay thereby reducing the mortality rate 

of impinged fish. Vertcial traveling screens at Unit 3 

are located at the front of inlet bays.
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The cost of such a relocation of, the vertical traveling 

screens will be approximately $1,000,000 for Unit 2. It 

will be higher for Unit 1 because of the existing wharf.  

Concept 5: vertical traveling fish basket. A vertical 

traveling fish basket installed in front of the fixed or 

vertically traveling screens to scoop fish from in front 

of the screens has been proposed as a measure for fish 

protection at Indian Point. The basket, still under develop

ment, is reported to be effective in simulated experimental 

runs with salmon and trout conducted by the National Marine 

Fisheries Service at Seattle. We expect to install and 

test the-device at Indian Point.  

The practicability and effectiveness of such a facility 

for Indian Point has yet to be demonstrated.  

Concept 6: air bubble curtain. The effectiveness of air: 

bubble curtains as physical and psychological varriers to 

fish is being further tested. If installed in front of 

the intake screens, such a curtain might prevent the fish 

from moving toward the screens.  

Cost of installation of such an air bubble curtain 

in front of one of the bays of Unit 1 will be approximately 

$12,000.
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