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SUMMARY AND CONCLUSIONS
1)

on the basis of t-he
economic
and
environmental
evaluation presented in this report, the existing once

through cooling .system. is ;preferred to a natural
wet cooling system for Indian Point'Unit No. 2.
2)

The impact of operation of the existing once-through
cooling. system on land use, air quality, water quality
and
aquatic
biota
was
investigations revealed that:

3)

draft

investigated.

These

a)

Operation of the existing once-through cooling
system will cause negligible effects on land use,
air quality and water quality. Therefore, these
effects have not been quantitatively included in
the cost-benefit analysis.

b)

operation of this cooling system will have an
,effect on ;aquatic biota. With the exception of
the impact upon the striped bass Atlantic coastal
fishery, the impact on other fishes and the
Hudson
River
ecosystem
is
small and not
quantified in monetary terms in the. cost-benefit
analysis.

.c)

Based upon an analysis of the percent reduction
of
the. adult .Hudson
River
striped bass
population, the relative contribution of the
Hudson
River stock to the Atlantic coastal
fishery, and the effect on the
sport
and
commercial fisheries, the best estimate of the
impact of operation of the existing once-through
cooling system -over the remaining life of the
plant on the aquatic biota is 1.4 million dollars
(sum present worth -1977)

d)

All other effects of the once-through cooling
system,
which
have not been quantified in
monetary terms, are substantially lower than that
on striped bass.

The construction and operation of a natural draft wet
cooling tower system at Indian Point Unit No. 2 will
have economic and and environmental impacts on land use,
air quality,
water
quality,
aquatic
biota
and
terrestrial biota. An analysis of each of these impacts
indicated:
a)

There will be negligible effects
on
water
quality, aquatic biota and terrestrial biota.

xii

These effects have not
been
quantitatively
included in a cost-benefit analysis.
b)

The impacts of this cooling system on land use
..
will,.result from noise emanating from the cooling
tower and the visual/aesthetic impact of the
tower on the Hudson River Valley region near
Indian Point.
The effect of the increase in
noise level on residential property values was
quantified in monetary terms for use in the cost
benefit analysis. While the aesthetic impact of
the natural draft tower is substantial,
no
attempt is made to quantify this impact in
monetary terms in this report.

c)

The impact of increased fog is not a very
significant effect of operation of the natural
draft cooling system.
The impact
of
salt
deposition
on
vegetation was quantified in
monetary terms .based upon the expected number of
trees injured due to operation of this cooling
alternative and their replacement cost.

d)

The economic impact of construction and operation
of the natural draft cooling tower system is, in
monetary terms, the most significant impact of
the tower. The best estimate of the capital cost
of the cooling tower is $101,000,000.
Other
costs
evaluated
in
this
report
include
maintenance and operating expenses, carrying cost
of capital for the cooling tower, cost
of
replacing deficient energy, carrying cost of
capital for replacement capacity, replacement
energy for plant down time to cut-in the cooling
tower, and firm purchase for replacement capacity
for plant down time to cut-in cooling tower.

e)

The best estimate, of those impacts which can be
quantified in monetary terms, of the cost to
society of backfitting and operating of a natural
draft cooling tower system is
approximately
$311,800,000

f)

(sum present worth - 1977)

Visual/aesthetic impact of the natural draft
cooling system has not been quantified, but is a
major impact of the system. Other effects of the
closed-cycle cooling system
have
not
been
quantified and are not considered significant.

xiii

CHAPTER 1

INTRODUCTION
1.1

*NTRODUCTORY REMARKS

This Environmental Report is being submitted in support of
an application to amend the Indian Point Unit No. 2 Facility
Operating License, No. DPR-26, to delete the requirement for
termination of operation with the present once-through
cooling system, and in support of the ancillary relief
referred to in Section 1.3. Indian Point Unit No. 2 is a
pressurized water nuclear power plant owned and operated by
Consolidated Edison Company of New York, Inc. (Con Edison)
for which a full-term, full-power operating license was
issued by the Atomic Energy Commission (predecessor to the
Nuclear Regulatory Commission) on September 28,
1973.
Amendments No. 6 and No. 27 to the Operating License in
part, extended the period for operation with the existing
cooling system to,'May 1, 1979-and-May 1, 1980 respectively
(See Section 1.2 below).
The requested amendment, which
this report supports, would authorize continued use of the
existing river cooling system on the basis of empirical data
collectedduring an interim period as provided for in
subparagraph (c) to Condition 2.E(1) of the license which
provides, in pertinent part, that Con Edison may apply to
the Commission for such relief as may be appropriate.
In this report a comparison is made between the existing
once-through cooling system at Indian Point Unit No. 2 and
the
natural
draft
closed-cycle cooling tower system
designated by Amendment No. 22 to the Facility Operating
License as the preferred alternative closed-cycle cooling
system. The comparison shows that the once-through system
is superior to the closed-cycle system and use of the once
through system should be permitted for as long as the Indian
Point Unit No. 2 operates.
The evaluation of the two systems has been made by a process
of comparing the principal environmental and economic costs
and benefits associated with each system. The process of
comparing costs and benefits is referred to as cost-benefit
analysis and is both qualitative and quantitative. Although
this cost-benefit analysis does not quantify every effect
associated with the once-through cooling system or potential
effect associated with the natural draft cooling tower
system, the reader will find more quantitative information
available in this report than in earlier reports concerning
Indian Point Unit No. 2. Long term ecological studies have
now been completed and are reported on extensively, whereas
in earlier reports only interim findings could be presented.
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The organization of this report including results from the
completed ecological studies, the cost-benefit analysis and
other information available to con Edison is discussed
below.
The regulatory framework, the history of prior
applications to amend the license for Indian Point Unit
No. 2 and the status of these applications are discussed in
Section 1.2. Schedule considerations are treated in Section
1.3.
Report organization
Chapter 2 of this report presents background information on
the Indian Point region and on Con Edison's environmental
research programs. The existing once-through cooling system
at Indian Point Unit No. 2 and the natural draft cooling
tower
system are described.
Chapter 3 discusses the
concepts and the method used in this report for conducting
the cost-benefit and decision analyses. Decision analysis
is a technique for assessing the significance of the
uncertainties ini evaluating environmental effects and other
consequences of a course of action.
In Chapters 4$ and 5 of this report, the environmental
impacts of operation with once-through cooling and operation
with a natural draft cooling tower system respectively are
presented.
The principal impact
predicted
from
the
continuation of operation with the once-through system is
the impact on the striped bass fishery which is treated in
detail in Section 4t.4. The major effects of backfitting and
operating a natural draft cooling tower system, other than
the
costs
to
Con
Edison's
customers,
are
the
visual/aesthetic impact on the Indian Point Region (Section
5.1) and the effect of salt drift on vegetation (Section
5.2).
The next three chapters of the report contain the cost
benef it and related decision analysis and the results of the
analysis. In Chapters 6 and 7 certain of the environmental
impacts
of
the once-through and closed-cycle cooling
systems, respectively, are quantified in monetary terms.
The
comparison
of the costs and benefits, including
quantified and non-quantified factors, and the selection of
the preferred cooling system are described in Chapter 8.
The regulatory environmental appro vals required to implement
the preferred cooling system are described in Chapter 9.
Appendices containing substantial technical information not
previously available in the proceedings for Indian Point
Unit No. 2 conclude this report. Appendix A contains a
state-of-the-art study of cost-benefit and decision analysis
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methodology. Appendix B is the Final Research Report
(FRR)
containing the results of the Hudson River Ecological Study
Program. It is incorporated by reference and wa§ published
and distributed in February 1977.

1.2

FACILITY
REGULATION
APPL ICAT IONS

AND

PRIOR

LICENSE

Amendment No. 6 to Facility operating License for Indian
Point No. 2, issued May 6, 1974, provided that operation
with the once-through cooling system would be permitted
during an interim period, the reasonable termination date
for which appeared to be May 1, 1979 (Paragraph 2.E(1)).
on
January 12,
1977, the commission issued Amendment No. 27
changing the May 1, 1979 date to May 1, 1980 based on the
Commission's determination that Con Edison, acting with due
diligence, obtained all governmental approvals required to
proceed with construction of a closed-cycle system as of
December 1, 1976.
This amendment was
authorized
by
Paragraph 2.E(1) (b) of License No. DPR-26, which prior to
Amendment No. 27 provided, in pertinent part, that if Con
Edison
had
acted with due diligence in seeking all
governmental approvals required to construct a closed-cycle
cooling system but had not obtained such approvals by
December 1, 1975, "then the May 1, 1979 date shall be
postponed accordingly.',
Con Edison has taken an exception to the decision of the
Atomic Safety and Licensing Board authorizing Amendment No.
27 on the grounds that all governmental approvals required
to construct a natural-draft cooling tower have not yet been
obtained because of litigation with the Village of Buchanan
Zoning Board of Appeals, which is now pending before the New
York Court of Appeals. This exception is pending before the
Atomic Safety and Licensing Appeal Board.
Paragraph 2.E(2) of the Facility operating license required
Con Edison to conduct an evaluation of the economic and
environmental impacts of alternative closed-cycle cooling
systems in order to determine a preferred system for
installation
if an alternative were ultimately to be
required. Such an evaluation was submitted on December 2,
19714 and resulted in issuance of Amendment No. 22 to the
license on December 1, 1976.
That amendment specified a
natural draft closed-cycle wet cooling tower system to be
the preferred alternative closed-cycle cooling system for
Indian Point Unit No. 2. Thus in this report the natural
draft, or hyperbolic, tower system is compared to the
existing river cooling system to ascertain which cooling
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alternative should be'utilized
operating life of Unit No. 2.

for

the

remainder

of

the

Paragraph 2.E(1) (c) of License DPR-26 provides, in pertinent
part,. that if Con Edison believes empirical data collected
during interim operation justifies an extension of the
interim operation period, it may make an application to the
Commission. In June 1975, Con Edison exercised its rights
under this provision and applied for an extension of the
period of interim operation with the once-through cooling
system to May 1, 1981. In July 1976, the Nuclear Regulatory
Commission Staff ("the Staff") issued a Draft Environmental
Statement recommending that this application be granted. In
November 1976, the Staff issued a Final Environmental
Statement recommending that the application be denied. The
Atomic Safety and Licensing Board has not reached a decision
on this application.
The analyses of benefits and costs of the existing once
through cooling system and the natural-draft cooling tower
system contained in this Environmental Report are based on
the assumption that the extension of interim operation with
the once-through cooling system to May 1, 1981 is granted.
If that application were denied, the results of the analyses
based on a May 1, 1980 termination date would not differ
significantly from those presented herein.
Regulation Under the Federal Water Pollution Control Act
Indian Point Unit No. 2 is also subject to regulation by the
United States Environmental Protection Agency (EPA).
Under
the National Pollutant Discharge Elimination System permit
(the NPDES permit) issued by Region II of EPA on February
24, 1975, pursuant to Section 402 of the Federal Water
Pollution Control Act, operation of the facility after May
1, 1979 will be permitted only ifra closed-cycle cooling
system is in use. This provision of the NPDES permit has
been automatically stayed by the filing of a request for an
adjudicatory hearing by Con Edison.
The NPDES permit
includes a provision for extension of the May 1, 1979 date
to as late as July 1, 1981, upon a showing of good cause.

1.3

SCHEDULE

If a decision is finally made to deny Con
Edison's
application by May 1, 1978, a natural-draft cooling tower
system could be constructed on a schedule which permits
termination of once-through cooling by May 1, 1981.
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Since the Staff in testimony of Dr. Robert Spore and Dr.
Webster Van Winkle, presented to the Atomic Safety and
Licensing Board on February 23, 1977, has stated that the
Staff cannot "complete an assessment and reach any new
conclusion withrespect tothe basic proposition of whether
closed-cycle cooling is warranted for Indian Point No. 2"
(p. 17)
in a timeframe consistent with this Schedule, Con
Edison's application requests as ancillary relief a stay of
the requirement to terminate operation of the once-through
cooling system until all proceedings with respect to this
application are concluded. The Staff at the hearings held
February 23-25, 1977 declined to estimate the time required
for its assessment. It is therefore not possible to analyze
environmental impacts and resulting costs and benefits for
any specific timeframe.
However,
since
this
report
demonstrates that once-through cooling is the preferred
cooling system for the life of the plant, the analysis
supports the requested ancillary relief which is for a
substantially shorter period.
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CHAPTER 2
BACKGROUND INFORMATION AND DESCRIPTION .OF
EXISTING AND PREFERRED ALTERNATE COOLING SYSTEMS

2. 1 INDIAN POINT REGION
The Environmental Reports submitted for Indian Point Unit
Nos. 2 and 3 at the operating license stage contain
considerable descriptive information on the Indian Point
region. A brief statement follows on hydrology, meteorology
and land use in the region as background material for the
remainder of this report.
Reference is made to other
sources of information in various sections of this report.
That referenced material would provide a more thorough
understanding of the setting for the Indian Point Station.

2.1.1

LAND USE IN THE INDIAN POINT REGION

Description of the Indian Point Site
Indian Point is located on the east bank of the Hudson River
about 30 miles north of New York City in the Village of
Buchanan.
The
site, zoned for medium density
(M-D)
industrial use, is 162 acres in area (239 acres prior to the
recent sale to Power Authority of the State of New York
(PASNY) of Indian Point Unit No. 3).
Approximately 55 acres
of
the site have bzeen permanently developed for the
generating station and auxiliary supporting facilities. The
latter includes a meteorological tower, tankage, a service
and
storage area, transmission lines and towers, and
generating station parking.
Approximately 7 acres are
occupied by a new Energy Education Center and its related
sitework and parking. Across Broadway, on a large parcel of
land owned by con Edison, is the Buchanan Substation and a
gas turbine installation. Access to the Indian Point site
is from the east via a plant entrance road leading from the
intersection of Broadway and Bleakley Avenue.
(See Figure
2-1)
Now that construction of the generating station is complete,
site improvements
are
being
implemented.
Temporary
construction buildings have been removed, and areas used by
the station constructors are being landscaped. Construction
roads have been modified, and permanent station parking
areas
constructed.
Implementation of these activities
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follow guidelines established by Con
for Indian Point.

Edison's

Master

Plan

Major visual elements of the combined Con Edison and PASN~Y
generating stations include domed containments, superheater
stack, rectilinear turbine buildings, transmission towers,
and various structures and tanks. These are sited on low
and medium land elevations.
Immediately adjacent to the
generating station to the north, south and east is rising
ground covered by second generation woodland. West and
north site boundaries are defined by the Hudson River and
Lents Cove respectively.
The river frontage of the Con
Edison/PASNY site is approximately 4,000 feet.
Master Planning Goals at Indian Point
Recent sale of 77 acres of the Indian Point site to PASNY
necessitated a revision of planning for the site. Under the
master plan for Indian Point the major design goals are:
(1) Preservation, restoration, and reinforcement of the
rural, wooded character that once predominated at Indian
Point.
(2) Recreational development of the 80 acre forested area,
at the north end of the Indian Point 'site, as a resource
to be used and enjoyed by both the visiting public and
station personnel.
(3) Development of a phased landscaped plan to restore areas
of the Indian Point site used by station constructors
and former site owners.
(41)

Reinforcement of wooded areas at site
boundaries,
including the shoreline to act as acoustical and visual
buffer zones to shield surrounding areas from the
industrial uses within.

(5) Reduction
stations,
environs.

of the visual impact
and their supporting

of the
generating
facilities, on the

Description of Land Uses Surrounding Indian Point
Immediately bordering Indian Point, across Lents Cove and to
the north, is a yeast processing plant
(zoned M-Z, by
Peekskill). To the south is the PASNY site, and immediately
south of that is a gypsum wallboard factory and Con Edison's
Verplanck
property (the latter is zoned M-D, by the town of
Cortlandt).
The residential communities
of
Buchanan,
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Montrose, Peekskill, Stony Point and Tompkins Cove surround
Indian Point. Peekskill is the largest of these with a
population of about 20,000 persons. Across the Hudson River
are the Lovett and Bowline oil-fired power plants, located
about 0.5 and 5 miles south of Indian Point respectively.
While the Indian Point region of the Hudson River Valley
that has long had industry - including electric generating
units - it is an important suburban and exurban community
for Metropolitan New York City, and contains many rural
areas. much of the region falls within a mountainous
plateau district which extends across the Hudson River.
spectacular
Where the river cuts through these mountains,
scenery occurs.
In addition the region is unique in that it contains many
and
recreational
historical
educational,
significant
Each year millions of visitors travel, by land
resources.
and river, through the region enroute to these attractions.
Figure 2-2 provides some indication of the extent and
nearby
Open space areas
variety of these resources.
include:
(1) Palisades Interstate Park
(2)' .West Point Military Reservation
(3) Blue Mountain Reservation
(4) Stony Point Battlefield
(5) Georges island Park

2. 1.2

CLIMATOLOGY AND METEOROLOGY

Climatological characteristics in the Indian Point area are
the New York metropolitan
similar to those. observed in
region. The area is influenced primarily by weather systems
moving across the North American continent, mainly from the
west.
In winter, the general area experiences frequent
passages of storms and frontal systems with continental
polar
and
arctic
air
masses predominating.
Summer
conditions are influenced by maritime and continental air
masses.
The proximity of the Atlantic Ocean, approximately
fifty miles southeast of Indian Point, creates a moderating
temperature effect to the area in winter and generates
onshore winds in summer.
sea breeze conditions diminish
inland, but weak systems have penetrated as far north as the
Haverstraw area.
Wind directions observed in the greater
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New York area show a predominance of west to northwest winds
in winter and southerly winds in summer. Easterly component
winds are generally associated with storms.
Precipitation
in the area averages about 46 inches per year. The inland
location of the site and the semi-rural terrain enhance
thereby producing lower
inversions
noctural
stronger
temperatures compared to urban coastal areas.
Superimposed on the climatology of the general area is the
microclimatological
influence
generated
by
local
characteristics, namely the topography of the Hudson Valley.
This factor alters local winds flow patterns in the Indian
Point area as described below.

Topography
Indian Point is located on the east bank of the Hudson River
which is oriented in a northeast-southwest direction near
the site turning sharply to the northwest approximately two
miles to the north (See Figure 2-3).
The west bank of the
Hudson River is flanked by the steep, heavily wooded slopes
of the Dunderberg and the Ramapo peaks (heights exceeding
1,000 feet) which extend to the west, gradually rising to
slightly higher peaks.
One mile northwest of the site the predominant feature is
Dunderberg Mountain; due north lies Manitou Mountain.
To
the northeast, the Annsville Creek subvalley divides the
terrain with the eastern peaks being generally lower than
those toward the west.
East of the site Spitzenberg and
Blue Mountain average about 600 feet in elevation with a
series of less prominent ridges oriented in a northeasterly
to north direction. To the south the river turns
sharply
southeastward and widens to Haverstraw Bay. South Mountain
on the west bank dominates the topography in this area.
Meteorological Factors
Thus the site is situated in a bowl,
surrounded on almost
all sides by terrain ranging from 600 to
1,000 feet.
Although the heights of the orographic
features
are
relatively low when compared to classical Alpine or western
United States valleys, the topography surrounding the
site
significantly
influences
the
local meteorology.
The
proximity of the Hudson River and the alignment of the
surrounding
valley
ridges
in
a
northeast-southwest
direction, create a channeling effect for the air along the
river valley. This topographic channeling characteristic is

most

pronounced during periods of weak to moderate pressure

gradient forces.

As a result of these factors,
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upvalley air flow is predominant during daytime and a
downvalley air flow (drainage wind) prevails at night.. This
preferential flow at the site results in the dominance of N
NNE and S-55W wind directions. Under predominantly moderate
to strong pressure gradients WNW-NW winds prevail.
The local wind patterns in the valley have been clearly
documented in various meteorological studies and analyses
conducted in the area. Wind data collected since 1932 when
compared to present onsite data confirms the dominance of
valley wind flow, dominant during summer months and to a
lesser extent in winter.

2.1.3

HUDSON RIVER ESTUARY

The Hudson River estuary is the tidal region of the Hudson
River stretching about 150 miles northward from the Battery
on Manhattan Island to Tray Dam near Albany, New York
(Figure 2-4).
The estuary has extreme depths of about 175
feet but is usually much shallower, with depths of 30 to 65
feet being most common. The deepest region of the estuary
is near West Point, New York, where the river cuts through
the Hudson highlands; the estuary in this region is confined
to a deep, narrow gorge.
The depth of the channel is
shallower south of the highlands where the channel resumes
its gradual descent toward the edge of the Continental
shelf, eventually forming the Hudson River Canyon.
Hydrology
Freshwater flow into the estuary is partially controlled by
the Tray Dam and other flood-control and water-supply
reservoirs in the Hudson drainage basin. Approximately 60%
of the net flow of the Hudson estuary passes the Green
Island Dam at Troy, New York. The drainage basin below Tray
contributes the remainder, principally from the tributaries
in the southeastern Catskill Mountains. The average flow at
Green Island is 12,500 cubic feet per second. Flows from
the dam are greater than 3990 ft 3 /sec 90% of the time.
The
lowest 7-day average flow for a 10-year recurrence interval
is 2900 ft3 /sec. The mean freshwater flow at New York City
amounts to about 20,500 ft3 /sec. Oscillating tidal flows of
the Hudson are much greater than net freshwater flow with
the usual tidal flow being from 10 to 100 times the fresh
water flow.
Within the New York State area, stream flows (as evidenced
by stream discharges) tend to exhibit a bimodal pattern with
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Discharges
respect to time (USGS Surface Water Records).
into the Hudson estuary follow the same pattern: summer
discharges are low, followed by a peak discharge in November
and December; a mid-winter depression is followed by a
second generally higher peak discharge during March, April,
and May, apparently responding to combined spring thaws and
precipitation peaks.
Water Quality
Water temperatures in the estuary generally follow the'
During the winter, ice may
seasonal air temperatures.
completely cover the estuary as far south as Peekskill,
although it is broken up by shipping and tidal action.
Maximum summer water temperature is approximately 790 F.
Although the Hudson River has been subject to chemical and
thermal discharges, the overall water quality is good with a
few exceptions (e.g., infrequent oxygen depletions in some
The fresh water of the Hudson basin is slightly
areas).
hard, with 50 to 100 mg/l hardness expressed as Calcium
Carbonate (as CaCO 3 ).
The Hudson River has served as a major water supply for
The
towns along the Hudson from Poughkeepsie northward.
rarely seen as far north as
influence of salt water is
Poughkeepsie, although the leading edge of the saline waters
when
years
exceptional
may reach that point during
freshwater flows are very low. Typically, the salt front
which is defined here as the area where salinity is 100
parts per million (ppm), usually extends upstream no further
than Newburgh - and it reaches that point only occasionally
during a typical year.
(pH),
The distributions of hydrogen ion concentrations
dissolved oxygen concentrations, and turbidity do not appear
to change rapidly under most conditions between Tappan Zee
in
(km 212) ].
Spatial changes
and Coeymans [RM 132
dissolved-oxygen concentrations are generally restricted to
More
1 to 2 parts per million with increasing depth.
extreme reductions have occurred, although infrequently, and
are
apparently restricted to warm months.
occasional
reductions occur also in
warm
backwater
bays
where
circulation is limited and temperatures elevated.
Temporal changes in dissolved-oxygen concentrations are
directly influenced
by
water-temperature
effects
on
solubility and biological activity.
Percent saturation
averages range between 60% ( 5 ppm) during the summer months
to 95% ( 14l ppm) during the winter months.
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Power Plants in the Hudson River Estuary
The major artificial thermal inputs to the Hudson River are
from six electric generating stations: Albany Steam Electric
Generating Station, Danskammer Point Generating Station,
Roseton Generating Station, Indian Point Nuclear Station,
Lovett Generating Station, and Bowline Point Generating
Each station withdraws large amounts
Station (Figure 2-4).
of river water for cooling purposes and discharges the water
at
temperatures
from
10
to 20OF above the intake
temperature, through various types of discharges ranging
from submerged diffusers to channel outlets.
The following tabulation lists the normal maximum cooling
water flow, temperature rise, and electric
generation
capacity for each station.
Gross
Load (Mwe)
Albany Steam
Station
Danskammer Point
Roseton
Indian Point
Lovett
Bowline Point

2.2

Cooling
Water (GPM)

400

352,000

494
1207
1809
505
1200

316,000
641,000
1,740,000
322,900
632,000

Temperature
Rise (*)
11
17
18
15.6
18.3
17.5

BACKGROUND OF INDIAN POINT ENVIRONMENTAL PROGRAMS

This report has been formulated to focus attention on the
results
of a number of environmental study programs,
undertaken by Con Edison, which are related to the operation
and licensing of Indian Point Unit No. 2.
The various
environmental study program results are used as the basis
for reaching a decision on the preferred cooling system to
be operated at Indian Point Unit No. 2 for the remainding
life of the plant.
Before
describing
the
decision
methodology
and discussing the conclusions reached by
various study programs it is useful to briefly describe the
various environmeltal programs themselves.
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2.2.1

22.1ECOLOGICAL-RESEARCH PROGRAM

2
To resolve the issues raised in the Indian Point Unit No.
Edison developed a
Con
hearings,
license
operating
comprehensive program of ecological research in the Hudson
River concentrating on the striped bass but including, with
lesser emphasis, a number of additional fish species and
other aquatic biota. Preliminary field studies were begun
in 1970, expanded in 1972 and reached full scale in 1973.
They have continued, with appropriate variations to the
present. A body of scientific information believed adequate
to resolve pending questions about continued operation of
Indian Point Unit No. 2 with once-through cooling has been
assembled principally from the data obtained from 1973 to
1975.
The ecological research program has been designed to achieve
the following ten goals:
(1)

an
Develop
Studies
Ecosystem
Basic
understanding of the phytoplankton, zooplankton,
and zoobenthos communities of the Hudson River in
order to assess power plant impact on these
elements of the ecosystem and to understand
sufficiently their relationships to the fish
population.

(2)

Entrainment - Attempt to estimate the numbers of
ichthyoplankton present during the season of
vulnerability to power plant intakes, numbers
actually
entrained,
survival during passage
through
plant
cooling
systems,
and
the
conditional mortality rate (probability of death)
due to plant operation.

(3)

Impingement Estimate the number
of
fish
impinged at each power plant, the standing crop
present in the river during the impingement
season,
and
the conditional mortality rate
(probability of death) due to impingement.

(14)

Compensation
Review
the
historical
informational
base
on compensation in fish
populations, study compensatory mechanisms in
Hudson River striped bass, and analyze historical
data from the Hudson River to estimate the
compensatory reserve
of
the
striped
bass
population.

(5)

Striped
Bass
Ecology
Study
development
rate,
movement, and

-

-
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abundance,
temperature

effects on behavior and physiology for early life
stages; analyze
movement,
growth,
age
at
maturity, fecundity, and age structure for the
Hudson River striped bass population; quantify
the contribution of the Hudson River-to the mid
Atlantic fishery; and study relationships between
striped bass and other fish species during the
first year of life.
(6)

Physical
Environment
Measure
physical
parameters such as dissolved oxygen,.salinity,
temperature, freshwater flow, turbidity, which
may affect the distribution and abundance of fish
and study tidally-induced circulation and plant
induced circulation as they affect entrainment
and impingement of striped bass.

(7)

Power Plant Impact Integrate
data
from
objectives 1 through 6 to estimate the impact of
operation of Indian Point Unit No. 2 alone and
multiplant impact on the striped bass population.
Impact is defined as the percentage reduction in
the average equilibrium level of
the
fish
population by power plant operation. Using the
same empirical data base, impact is estimated by
two methods:
an equilibrium reduction equation
using conditional mortality rates due to plant
operation
calculated
directly
from
plant
operational data and ichthyoplankton abundance
estimates; and a Real-Time Life Cycle simulation
model including a hydraulic transport function.

(8)

Power Plant Effects on Other Species - Assess the
vulnerability of white perch, tomcod, blueback
herring and alewives, shad, and sturgeon to power
plant impact and estimate the impact for white
perch and tomcod.

(9)

Long-Term

Indices of Abundance
Calculate
indices of abundance for the most important
species of fish affected by power plant operation
from the longest available sets of data to
monitor changes in abundance through time. This
will provide a baseline against which to compare
future monitoring data and a direct basis for
observing possible changes in abundance in the
fish population coinciding with activation of
additional power generating units.

(10)

Mitigation of Power Plant Impact Evaluate
hatchery production and artificial stocking of
striped bass as a means of replacing wild fish
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power plant operation.
by
killed
diversion structures that may be used
fish away from cooling-water intakes.

Evaluate
to guide

The data required to meet these goals has been collected
York
New
contractors
largely by three principal
University, Texas Instruments Incorporated, and Lawler,
Matusky & Skelly Engineers. The program has been supervised
and directed by Dr. James T. McFadden of the University of
The results of these studies are reported in
Michigan.
detail in the Final Research Report which is incorporated by
reference as Appendix B to this report.

2.2.2

METEOROLOGY, BOTANICAL AND NOISE PROGRAMS

As part of its effort to select a preferred closed cycle
a series of
Con
Edison
initiated
cooling
system,
investigations to assess the potential for botanical injury,
fogging, icing and community noise objections from such
systems. The results of these investigations in combination
with an engineering design effort and an economic evaluation
led to the conclusion that a natural draft cooling tower
system was the preferred alternative system, if a closed
cycle
cooling
system is ultimately determined to be
necessary. A brief description of the various terrestrial
oriented
programs
follows.
These programs have been
discussed in detail in reports submitted to the various
concerned regulatory agencies and all interested parties.

2.2.2.1

METEOROLOGY PROGRAM

An onsite meteorological program was initiated to collect
meteorological data representative of ground and elevated
levels at which proposed cooling tower emissions would be
dispersed into the atmosphere.
These data provided the
onsite characteristics which were used as input criteria to
mathematical
models
to assess potential impacts from
fogging, icing and saline aerosols produced by operation of
the plant with a closed cycle cooling system.
In
addition,
a program of ambient air sampling was
undertaken in the Indian Point environs.
This program
consisted
of
measurements
of salt concentration and

deposition in the vicinity of the site.
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Details of the mathematical models and onsite meteorological
data acquisition programs are documented in Reference 1,
Volume 1, Volume 2, Appendices A, B and C,. and Supplements.

2.2.2.2

BOTANICAL PROGRAM

operation of a natural draft cooling tower system would
result in saline drift being deposited on vegetation in the
vicinity of Indian Point. To quantify the impact of the
effects of salt particles depositing on indigenous species,
a field survey was conducted
to
identify
sensitive
vegetation.
Extensive greenhouse experiments were also conducted to
ascertain the amount of deposition from saline aerosols
which induces injury. Results of this investigation enabled
threshold injury levels to be established for the three most
susceptible indigenous species namely hemlock, flowering
dogwood and white ash.
Incorporating the output of the predicted cooling tower
saline depositions from the mathematical models with the
results of the botanical experiments, potential areas of
saline injury for months of high river salinity coincident
with rainless periods were determined.
Details of the botanical
greenhouse
experiments
are
contained in Reference
1, Volume B, Appendix I. Areas of
saline depositions are identified in Reference 1, Volume 1.

2.2.2.3

COMMUNITY NOISE PROGRAM

Evaluations of noise levels to be expected in the areas
surrounding the proposed cooling tower were addressed by
analytical techniques.
Baseline acoustical
data
were
collected in the Indian Point area to identify existing
sound patterns. Utilizing predictive techniques for sound
emissions, the impact of operating a natural draft cooling
tower system, was assessed. Noise levels generated during
construction activity were also analyzed in relation to
ambient noise levels.
Details of this analysis are in
Reference 1, Volume 1 and Volume 3, Appendices G and H.
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2.2.3

HYDRAULICS AND THERMAL SURVEY PROGRAM4S

Investigations related to Hudson River hydraulics were
undertaken to assess the extent of the thermal discharge
to
provide
and
plume from Indian Point operations,
information on river flow patterns in the Indian Point
In
vicinity for use in the Ecological Research Program.
addition, mathematical models have been developed by Con
Edison as predictive tools for use in river dispersion
The results of these efforts have been
calculations.
reported to concerned regulatory agencies and all interested
parties in previous reports and are discussed briefly below.

2.2.3.1

MODEL STUDIES

Since 1969, several hydraulic models of the Indian Point
reach of the Hudson River were constructed and tested at
Worcester
Polytechnic
Alden
Research
Laboratories,
Institute.
These models were developed as predictive tools
for establishing the thermal plume characteristics resulting
from the operation of Indian Point, Lovett and Bowline power
plants. 2,3
Two distinct types of physical models were used in a model
(about 1/75
prototype comparison: an undistorted model
scale) for obtaining the detailed temperature pattern in the
vicinity of the discharge structure for optimizing the
configuration of the outfall structure; an overall distorted
scale
model
(1/80 in the vertical and 1/400 in the
horizontal) for obtaining far field temperature patterns
over a 14 mile reach of the Hudson, from Croton Point to Con
Hook.
In the latter model, the intake structures were
directly modelled and outfall structures of each power plant
were also
simulated
using
available
field
surface
temperature patterns for Lovett, and undistorted model tests
for Bowline and Indian Point.
In 1972, the Lasalle Hydraulic Laboratory undertook model
studies of a common intake structure for the entire Indian
Point generation station.
Based on the modeling tests,
specific deflector walls and pier
configuration
were
recommended in order to achieve a uniformly distributed
intake flow through the intake screen
structure.
The
concept
of
a common intake structure was originally
developed by Con Edison as a possible method of reducing the
impingement of fish at the intake screens of the once
through cooling system.
Characteristics of the intake
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approach velocity are a significant factor in designing such
a structure.4
The LaSalle Hydraulic Laboratory has also completed a model
study of Hudson River flows near the existing cooling water
intake structures of the Indian Point generation station.
This study identifies zones supplying water to the plant
intakes and serves as an input into the analysis of plant
impacts resulting from entrainment.s
Several
analytical
models describing the hydrodynamic
characteristics and response of the Hudson River to thermal
discharges have been developed by Lawler, Matusky & Skelly
Engineers
(LMS formerly
Quirk,
Lawler &
Matusky
Engineers - QLM).
These mathematical models were used to
predict both the near and far field temperature resulting
from
the
thermal
effluent
from Indian Point power
plants.6,7,8, 9 , 10
Con Edison has recently developed a
multi-dimensional
mathematical model that overcomes many of the deficencies of
previous steady state one-dimensional model. This multi
dimensional model can be used to predict the transient
intra-tidal temporal and spatial characteristics of the
Indian Point thermal discharge.
A comparison of
the
predictions of the model with the field measurements is
presented in Reference 11.

2.2.3.2

THERMAL SURVEY PROGRAM

A thermal survey program was conducted at Indian Point Unit
No. 2 pursuant to requirements contained in the New York
State 401 Certification for Unit No. 2 and the Environmental
Technical Specification Requirements for Indian Point Unit
Nos. 1 and 2. Thermal surveys were conducted on a monthly
basis from May 1974 through May 1975, inclusive, except for
the four winter months (December, January, February and
March). The survey programs included six routine thermal
surveys and three intensive thermal surveys.
A routine thermal survey consists of measurements of the
spatial and temporal intensity and extent of the Indian
Point plume over five successive tidal phases. An intensive
thermal survey consists of similar measurements conducted of
over four or five successive tidal cycles for 3 or 4 days.
More detailed measurements of ancillary hydrological and
meteorological parameters, such as salinity, are acquired
during an intensive thermal survey.

2-17

The results of the surveys and the comparison of the field
data with the predictive models are discussed in section
4.3.1.

2.03

EXISTING ONCE-THROUGH COOLING SYSTEM

The existing Indian Point Unit No. 2 cooling system is a
once-through system. Cooling water from the Hudson River is
drawn through a screen in the intake, structure to remove
debris, pumped directly to the condensers where it cools and
condenses the turbine exhaust steam, and is then returned to
the river through the discharge structure.
Indian Point Unit No. 2 is licensed to operated at a power
level of 2,758 MWt which is equivalent to 873 MWe. At this
"initial guaranteed" 'turbine rating, the condenser heat load
is about 6,250 millions Btu/hr. With a maximum condenser
cooling water flow of 840,000 gpm, the cooling water
temperature rise across the condenser, delta T, is 14I.90 F.
At-times when the plant operates at a reduced flow rate, the
cooling water discharge temperature is higher, because these
two parameters (water flow rate and water temperature rise)
are inversely proportional.
Table 2-1 sets forth the design parameters for the existing
Service water heat load and
once-through cooling system.
The
service water flow rate are included in Table 2-1.
total plant heat load, which is the sum of condenser and
A total
service heat loads, is 6,350 millions Btu/hr.
design flow of 870,000 gpm of Hudson River water is provided
to 'absorb this heat, resulting in an effective temperature
rise of 141.60F, during the passage of water drawn from the
intake screen until its discharge back to the river.
Also included in Table 2-1 are design parameters for Indian
Point Unit No. 2 operated at turbine ratings designated as
"maximum guaranteed" and "maximum calculated" conditions.
The outfall or discharge structure for the Indian Point
facility is designed to enhance mixing of cooling water and
river water in such a way as to minimize water temperature
differences in the river. it will accommodate the combined
cooling, water flow from all three Indian Point Units (about
The
outfall
2,058,000 gpm including service water).
structure, as depicted schematically on Figure 2-5, is 252
feet long. Heated water is discharged through twelve
(12)
ports, 4I feet high by 15 feet wide, spaced 21 feet apart
(center to center). The ports are submerged to a depth of
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TABLE 2-1
DESIGN PARAMETERS FOR INDIAN POINT UNIT NO.
ONCE-THROUGH COOLING SYSTEM
Initial
Guaranteed

Maximum
Guaranteed

Maximum
Calculated

2,758

3,087

3,217

Plant Net MWe

873

986

1,033

Turbine Net MWe

906.

1,021

1,068

6,250

7,050

7,350

840,000

840,000

840,000

14.9

16.8

17.5

100

120

140

1.

Reactor Power, MWt

2.
3.

(@ 1.5" Hg
Backpressure)
4.

Condenser Heat Load,
106 Btu/hr

5.

Condenser Coolant
Flow, gpm

6.

Condenser At,°F

7.

Service Water Heat
Load, 106 Btu/hr

8.

Service Water Flow,
gpm

30,000

30,000

30,000

9.

Service Water At, 0 F

6.7

8.0

9.4

6,350

7,170

7,490

870,000

870,000

870,000

14.6

16.5

17.2

10. Total Heat Load,
(4) + (7), 106 Btu/hr
11. Total Water Flow,
(5) +

(8),

gpm

12. Resultant At,°F
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The ports

PREFERRED CLOSED-CYCLE COOLING ALTERNATIVE

In December 1974$, Con Edison submitted to the United States
Commission a report comparing the
Regulatory
Nuclear
economic and environmental impacts of various alternative
closed cycle cooling systems for Indian Point Unit No. 2.
The report concluded that a natural draft wet cooling tower
system is the preferred alternative closed-cycle cooling
This
system, if such a cooling system is required.
by
the Nuclear Regulatory
was
approved
designation
Commission in Amendment No. 22 to the license for Indian
Point Unit No. 2 issued on December 1, 1976. This amended
the license to provide that a closed-cycle natural draft,
wet cooling tower system is the preferred alternative
closed-cycle cooling system for installation at Indian Point
Unit No. 2.
In the closed-cycle cooling system designated by the NRC,
the heated condenser cooling watet flows through a natural
the
draft cooling tower, and is then cycled through
condenser as depicted in Figure 2-6. Extensive engineering
and construction work will be required for backfitting such
a closed-cycle cooling system to the existing plant. In
brief, the heated condenser cooling water will be diverted
from the existing discharge tunnel to a new discharge
conduit behind the Indian Point Unit No. 2 turbo-generator
building.
The conduit leads to new circulating water pumps
and the natural draft cooling tower. New piping connecting
the cooling tower basin and the existing intake piping will
be installed to allow the cooled circulating water to return
to the condensers.
General design information for the natural draft cooling
tower is presented in Table 2-2. The tower is designed for
a thermal load of 7,350 millions Btu/hr, which is the
condenser heat load for a maximum calculated reactor rating
of 3,217 MWt.
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TABLE 2-2

DESIGN PARAMETERS FOR
INDIAN POINT UNIT NO. 2 NATURAL DRAFT
COOLING TOWER SYSTEM

1.

Cooling Tower
Base Diameter
Height

Dimensions
460 feet
560 feet

2.

Tower Thermal Design Criteria
Maximum Heat Load
Water Flow
Cooling Range
Tower Apprcach
Design Wet Bulb Temp
Design Relative Humidity

7,350x10 6 Btu/hr
600,000 gpm
250 F
160 F
740 F
55%

3.

4.

5.

Water Consumption
Make-up
Evaporation Loss
Drift (0.002% of circulating
water)
Blowdown (2 cycle concentration)

30,000 gpm
15,000 gpm
12 gpm
14,988 gpm

Circulating Water Pumps (4 required)
Capacity (each)
Brake (each)

150,000 gpm
3,750 hp

Major Piping
71 ft. diameter
8 ft. diameter

6,000 feet
6,600 feet
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CHAPTER 3
COST BENEFIT AND DECISION ANALYSIS
In order to systematically compare the effects of granting
the requested amendment with those of not granting the
amendment, the environmental effects developed in Chapters 4t
(once-through cooling) and 5 (closed-cycle cooling) are
This
evaluated in comparable units to the extent possible.
cooling)
(once-through
evaluation is presented in Chapters 6
and 7 (closed-cycle cooling) and includes the cost to Con
Edison's customers of backfitting a closed-cycle cooling
system at Indian Point Unit No. 2. Chapter 8 applies the
methodology described below to reaching a determination on
the preferred long-term cooling system for the unit.

3.*1

COST

-

BENEFIT ANALYSIS METHODOLOGY

the
evaluating
Cost-benefit analysis is a method of
beneficial effects arising from a particular alternative and
comparing them with the costs incurred if that alternative
should be implemented. A set of alternatives can then be
compared and ranked to determine objectively the one which
is preferred.
In this report the two alternatives 'whichare compared and
ranked are continued utilization of the existing once
through cooling system and retro-fitting of a hyperbolic
natural draft cooling tower system for continued plant
operations. It should be noted that the comparison among
alternative closed-cycle cooling systems has been carried
out previously.'
Quantifying Effects of'the Once-Through Cooling system
The alternative Con Edison proposes is continuation of
operation of Indian Point Unit No. 2 with its existing once
Operation in this mode may
system.
cooling
through
potentially affect the Atlantic coastal fishery for striped
The methodology for evaluating the effect on the
bass.
fishery from continued operation with the existing cooling
system is presented in Section 4.4 of this report and in
Using a
detail in the Final Research Report (Appendix B).
real time simulation model the expected reductions in the
Hudson River adult striped bass population are computed. In
addition estimates of the contribution of Hudson River
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spawned striped bass to the Atlantic coastal fishery are
made. These two outputs of the Ecological Research Program
are used in deriving a monetized equivalent for the plant
effects on the fishery.
Appendix A describes the methodology for converting plant
effects on the fishery into equivalent monetary terms.
Atlantic
the
Using this methodology plant impact on
commercial and sports fisheries can be separately evaluated.
The evaluation of the impact on the commercial striped bass
fishery is based on the plant induced change in commercial
The impact on the sport fishery is
catch and revenues.
evaluated as a plant induced reduction in the value of the
fishery to striped bass fishermen. Factors entering into
the evaluation include the consumer surplus for a fisherman
day, the number of striped bass fishermen in each year and
the average daily catch of striped bass.
Quantifying Effects of the Closed-Cycle Cooling System
Costs associated with the natural draft cooling tower
alternative include the cost to Con Edison of constructing
and operating the cooling tower and the environmental
Components of the
effects of the operation of the tower.
cost of constructing and operating the tower system are
discussed in Chapter 7. Derivation of equivalent monetary
values for cooling tower environmental effects is presented
i.n Appendix A.
Those environmental effects of operation of the hyperbolic
tower system which are monetized include noise impact, salt
drift damage to vegetation and fog impact on transportation.
In this report monetary values associated with increases in
above a threshold, due to cooling tower
noise levels,
operation are based on potential decreases in residential
property values adjacent to the site. The monetary value of
the impact of salt deposition on vegetation is based on the
number of ornamental trees injured and their wholesale
Fog induced by operation of a cooling
replacement values.
analyzing
terms
by
monetary
tower is evaluated in
transportation delays and changes in vehicle accident rates.
Consideration of Future Costs and Benefits
In addition to expressing the effects of alternative actions
in monetary terms, the cost-benefit analysis accounts for
future costs and relates them to a common date (1977 in this
report).
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The time period used in comparing the existing once-through
cooling system to the natural draft cooling tower system is
1981 to 2013, based on the estimated life of Indian Point
The value, in future years, of monetized
Unit No. 2.
environmental effects determined in the present has been
accounted for by inflating the value of such effects at an
annual rate of 5%.
of
The future values of the various cost components
alternative cooling systems are discounted at a fixed rate,
In this report the
(present worth).
to present values
6.5%,
representative of the
is
annual discount rate used
societal discount rate.
Quantifying Uncertainty
magnitude
of
the
in
determining
The
imprecision
environmental and economic effects can be quantified so that
the relationship of uncertainty to the decision suggested by
the cost-benefit analysis can be examined. If the decision
maker can determine his decision is sound, over some range
of uncertainty in each of the effects considered, he can
In this
have confidence in the cost-benefit analysis.
report probabilities have been assigned to the likelihood of
environmental and economic effects by experts qualified to
mak~e such estimates.
estimating the magnitude of the effects
In
actually
estimators provided a low value of the effect such that the
probability that the true value is less than the low value
is about 0.05. Similarly a high value was provided such
that the probability that the true value exceeds the high
value is about 0.05. This means the probability that the
true value is between the high and low value is about 0.90.
The interval defined by this procedure is the confidence
interval;
in this case a 0.90 confidence interval. Where
estimators could not define a 0.90 confidence interval they
defined the confidence intervals associated with their
estimates.
If all the components of total cost were
completely
dependent on each other, as one cost varied, each of the
costs would vary in a like manner. cost estimates for which
confidence intervals have been determined, could be added
and, the same confidence interval would exist for the total
as for the components.
If the cost components
were
completely
independent
of each other, the confidence
interval of the sum of the components would. vary as a
function of the number of components; the more components
the greater the confidence interval would be.
This means
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the probability of the actual cost being less than the low
estimate or greater than the high estimate would be very
small.
This consideration is important for the large costs of
construction and operation of the cooling tower examined in
this analysis since they can be expected to significantly
influence the analysis. Those costs are neither perfectly
Based on
of
each other.
independent
or
dependent
examination of this question in Chapter IX of Appendix A it
is believed many of the estimates of the costs exhibit
dependency because they vary for similar reasons such as
inflation, labor rates, and fuel costs. Therefore the 0.90
confidence interval applied to the totals of the cost
estimates is reasonable. Recognizing that this confidence
interval is not exact,, however, the decision analysis
methodology enable 's examination of the effect of varying the
confidence interval.
Effects Not Quantified
Certain effects of the alternative cooling systems have not
been quantified in monetary terms in this report.
Such
effects are, however, included in the cost-benefit analysis.
For example, visual/aesthetic impacts of a hyperbolic tower,
.even though they are significant, are not amenable to
quantification, but are included in
the
cost-benefit
analysis as a qualitative factor. If the cost to-Con Edison
for construction and operation of the tower system were not
so great, or if the impacts of the once-through cooling
system were substantially greater, then this qualitative
factor could be of major importance to the decision-maker.
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DECISION ANALYSIS METHODOLOGY

In the decision process there is likely to be uncertainty
about the values of environmental impacts and the associated
costs or benefits of the alternative actions. Analyzing
this uncertainty is by use of a decision tree approach.
This approach provides a framework for answering questions
such as: How sedsitive is the proper course of action to the
probabilities of various chance outcomes?; How sensitive is
the proper course of action to the values assigned to
various chance outcomes?; How much value is there in knowing
with certainty the outcome of an uncertain event?
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An example illustrating these concepts is shown in Figure 3
1. This is a simplified version of a decision tree but it
captures the essence of the ways in which decision analysis
can be used to shed light on a complex decision.
This
figure illustrates the case where a decision maker is faced
with two alternatives: build a cooling tower or don't build
a cooling tower. This decision is represented by a square
node in the tree.
In the case illustrated there is
uncertainty about the magnitude of the effects of one of the
environmental impacts associated with the cooling systems.
For simplicity this effect is assumed to take two values:
low and high.
These outcomes are shown at chance nodes
(circular nodes) in the decision tree.
The table below
gives hypothetical input values for the net benefits given
an action and a value for the environmental impact.
Environmental Impact
Low
Build

-100

High
50

Action
Don't Build

j 0

-200

Net Benefits for Decisions and
Impacts (Hypothetical)
These values are represented by terminal nodes (triangluar
nodes) in Figure 3-1.
One thing remains to completely
specify the tree: the probabilities of the two possible
outcomes of the environmental effect. If perfect knowledge
were available, one would know exactly whether a low or high
environmental impact was the real state of nature.
In an
imperfect world uncertainty must be taken into account. A
useful measure of uncertainty is the probability one assigns
to an event actually happening. At first this might seem
difficult to do, but practical experience has indicated that
one can elicit from those who are most competent to make the
judgment estimates of the probability which incorporate all
of the available information.
For the purpose of the
example, Figure 3-1, the estimate of the probability of the
low effect is assumed to be 0.9, and the probability of the
high
effect
0.1.
These probabilities are shown in
parentheses on the lines from the chance nodes to the
terminal
nodes.
For this decision tree, the optimal
decision is determined by comparing the expected value of
each of the decision branches and choosing the largest. For
such a decision to build the tower the expected value is
.9(-100) + .1(50) = -85.
The expected value for the don't
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Figure 3-1

ILLUSTRATIVE DECISION TREE
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100

-200

build decision is .9(0) + .1(-200)= -20, and so the optimal
decision is to not build the tower. The expected value of
the optimal decision (and thus the entire tree) is -20.
It is clear that 'several assumptions were made in the
process of quantification which are open to question.
Probably the most important feature of decision analysis is
the ability to examine how crucial these assumptions are to
the decision.
There are several types of sensitivity
analyses that have been performed.
These are discussed
below.
Terminal Node Variation
one type of sensitivity analysis that is useful in decision
analysis is evaluating the importance of varying terminal
node values. Consider terminal node 2 of the example. Its
value is 50. How does the decision change as this value
increases or decreases? It is obvious that this value can
decrease without bound without changing the decision to not
build the tower. In the other direction, simple arithmetic
shows that the value can increase to 700 before the decision
changes to one of building the tower. This type of analysis
is useful in placing bounds on the errors associated with
cost
estimation.
Perhaps the net benefit of 50 is
incorrect, but unless it is 650 units smaller than it should
have been, the optimal decision is unchanged.
Variations of the Probabilities
The third type of analysis is on the effect of probabilities
of the chance outcomes. Presumably these values will be
partly subjective, based on the best information available
at the time they are assigned. It is useful to know how
much they can vary without changing the optimal decision.
In our example it can be ishown that the decision to not
build the tower is optimal until the probability of a high
effect reaches the value .285, beyond which it is optimal to
build the tower. Thus if one is certain that probability is
less than .285 the decision to not build the tower is
optimal, regardless of the actual value of the probability.
Perfect Information
A further type of sensitivity analysis that can be performed
is the determinati .onof the "value of perfect information".
This indicates how much it would be worth to resolve the
uncertainty about the environmental effect. The value of
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perfect information represents an upper bound on the value
of any additional study or experimentation one might wish to
perform.
Application of Sensitivity Analysis
A key point of the previous discussion is to show that, even
if there are differences in assumptions going into a cost
benefit analysis, the conclusion may be insensitive to these
differences. That is becuase, within certain ranges, the
optimal decision is constant - i.e., is insensitive to the
assumed probabilities or values assigned to terminal nodes.
Using decision analysis one can determine the range for each
parameter over which the decision remains constant - in
effect, one can thus determine the necessary precision for
apy of the input factors.
This methodology enables the
decision maker to focus upon the important elements of the
decision.
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CHAPTER 4j
ENVIRONMENTAL IMPACT OF
ONCE-THROUGH COOLING SYSTEM
Indian Point Unit No. 2 has been operating with an once
through cooling system since it began operation in 1973.
The once-through cooling system is described in Section 2.3
of this report.
The potential environme~ntal impacts of
operation
with an once-through cooling system include
effects upon land use, air use, water. quality and aquatic
biota.
Each of these potential impacts is reviewed in this
chapter.
The most substantial environmental impact of
operation with an once-through cooling system is the impact
upon the aquatic biota in the Hudson River. The impact upon
the aquatic biota is discussed in detail in Section 4.4 of
this report.

4.1

VISUAL IMPACTS OF ONCE-THROUGH COOLING AT
POINT ON EXISTING LAND USES

INDIAN

once-through cooling at Indian Point Unit No. 2 has minimal
impact on plant environs and on surrounding land uses.
The
stations' major negative visual aspects are seen from the
river side rather than from surrounding land areas.
These
negative visual impacts are, however, limited and are
confined to areas immediately west of the station.
Indian Point Unit No. 2 has been well integrated into its
surroundings.
A strong program of landscaping has placed
native vegetation in the area of the generating unit. Areas
used by station contractors have been re-dedicated to meadow
and forest, and the adjacent 80 acre woods has been
preserved.
All this has resulted in there being little
adverse visual impact from Unit 2 on surrounding land areas
and land uses.
Major visual elements of Unit 2 are its domed containment
and turbine-generator building.
These massive structures
dwarf the visible elements of the open-cycle cooling system,
such as pumps, screenwell structure, intake and discharges.
This proportionate part of the total generating unit's
adverse visual impact assigned to the open-cooling system is
seen to be almost insignificant.
Negative visual aspects of an industrial facility, such as
the Indian Point station,.on surrounding land uses, which
are primarily residential as well as historical, educational
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and recreational, could alter these land uses. Conversely,
the Indian Point open-cycle cooling system -- with minimum
adverse visual impact on its environs -- should have no
effect on existing land uses. Thus, the aesthetic effects
of the existing cooling system at Indian Point Unit No. 2
the monetized portion of the cost
are not included in
benefit analysis.

41.2

AIR QUALITY

Operation of Indian Point Unit No.
2 in the once-through
cooling mode produces no significant impact on air quality.
In Section 5.2 of this report, the air quality related
effects of closed-cycle cooling resulting from the discharge
of cooling tower water vapor and saline water drift are
described. This section of the report discusses the same
physical effects (fogging, icing, and salt drift dispersion)
from the standpoint of the existing once-through cooling
system.
At present, cooling water is discharged into the Hudson
River via submerged ports resulting in enhanced mixing of
the thermal effluent with ambient river water. This mode of
operation eliminates the possibility of release of brackish
water into the atmosphere.
Therefore, in the absence of
airborne saline drift from operation of the existing once
through cooling system, there is no adverse impact on Indian
Point station surroundings.
The
discharged
thermal
plume produces a temperature
differential in the air-water boundary layer.
Condensation
could occur due to evaporation from the thermal plume to
cooler air immediately above the river surface.
This
evaporation process added to the ambient air moisture
content represents a fog inducing mechanism. Fog formed by
this process is referred to as steam fog. Due to the
turbulent mixing of the thermal plume upon exiting through
the plant's discharge ports, any steam fog formed would be
rather thin and sporadic. To date, no incident of fog on
the river induced by the thermal effluent from the Indian
Point Station has been observed nor is any expected.
Thus
the once-through cooling system produces no significant
fogging in the vicinity of Indian Point.
The value of salt drift effects and fogging from operation
of the existing cooling system included in the cost-benefit
analysis is zero.
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4.3

WATER QUALITY

4.3.1

THERMAL DISCHARGES

heat
is
Approximately 6,350 million BTTJ/hr of waste
discharged from Indian Point Unit No. 2 to the Hudson River
via the common submerged discharged ports designed for
Indian Point Units Nos. 1, 2 and 3.
Prior to the operation of Indian Point Unit No. 2, several
physical and mathematical hydro-thermal models had been
developed
by Con Edison's consultants to predict the
dispersion of the plume resulting from the operation of the
Indian Point station. These models, including the distorted
and undistorted scale physical models constructed by Alden
Research Laboratory (ARt), and the far field multi-segment
one-dimensional steady state, and near field exponential
decay mathematical models developed by Lawler, Matusky &
Skelly Engineers
(LMS), have been subjected to intensive
reviews
by
the
Uni~ted
States
Nuclear
Regulatory
Commission. 1,2
Thermal Surveys
Since initial operation of Indian Point Unit No. 2 began in
1973, a total of eleven routine and intensive thermal
surveys have been conducted by Con Edison.
A routine
thermal survey consists of measurements of the intensity and
extent of the Indian Point plume over five successive tidal
phases
(i.e. maximum ebb, low water slack, maximum flood,
high water slack and maximum ebb).
An intensive thermal
survey consists of similar measurements conducted over four
or five successive tidal cycles for three or four days.
More detailed measurements of auxiliary hydrological and
meteorological parameters, such as salinity, are acquired
during
an
intensive
thermal
survey.
These surveys
constituted a comprehensive field monitoring program which
was formulated to ascertain the characteristics of the
Indian Point thermal plume and consequently enable
a
comparison
of the extent of the plume with the New York
State thermal criteria.
Furthermore,
the thermal survey
program provided field data for assessing the predictive
capabilities of the physical and mathematical models.
The
scope of the Indian Point Unit No. 2 thermal monitoring
program, is described in the Indian Point Unit No. 2
Environmental Technical Specification Requirements (ETSR),
issued by the United States Nuclear Regulatory Commission as
Appendix B to the Facility Operating License.
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As shown on Table 4-1, there were eight surveys conducted in
The 1974 and 1975
1974, two in 1975 and one in 1976.
surveys were conducted with either or both Indian Point
1
Units No.1 and No. 2 in operation. Indian Point Unit No.
has
been out of service since November 19714 due to
was
The October 1976 survey
regulatory requirements.
conducted with both Indian Point Unit No.2 and No. 3 in
operation as part of the environmental monitoring effort
required
by
both
the New York State Department of
Environmental Conservation and the NRC for Indian Point Unit
No. 3.
The results of the field surveys with respect to the New
York State thermal criteria are summarized on Table 4-2.
conditions
meteorological
and
Under the hydrological
encountered during the field surveys the Indian Point
thermal discharge was found to be within the numerical
limits of the state thermal criteria for cross sectional
area and surface width. Details of these surveys have been

reported

to

NRC.

3,F

4F

,

6r

7,

a r9
8,

10,0
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survey data also indicate that the operation of Indian Point
Unit 2 would generally comply with the New York State
thermal criteria of 90OF maximum surface temperature, with
the exception discussed below.
During the 1-day August 19741 intensive survey,-, surface
temperature
in excess of 90OF were recorded on four
different occasions in the immediate area of the outfall
structure.
The surface temperature recorded ranged from
90.2 to 91.6 0 F and with an average of 90.6 0 F. The areas in
excess of the 90OF isotherms were less than 3/4j of an acre
w ith an average area of about 1/3 of an acre.
The August and October 19711 surveys were specifically
designed to yield information necessary for model-prototype
comparison. Thus, in addition to the thermal mappings
routinely performed during each field survey, intensive near
field
thermal
measurement, air-water interfacial heat
exchange evaluation and river salinity measurements were
incorporated into these field surveys..
Typical field data collected during the October, 1976
thermal survey are shown in Figure L4-i through 4-11.
These
isothermal mappings represent the transient characteristics
of the thermal plume during a complete tidal cycle.
The
data also indicate that operation of Indian Point Units Nos.
2 and 3, and Lovett and Bowline Point power plants, will not
exceed the New York State thermal criteria. Additional
field surveys are planned for 1977 as part of the new
environmental field effort required by both NYSDEC and the
NRC for Indian Point Unit No. 3.
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TABLE 4-1

INDIAN POINT THERMAL SURVEY SCHEDULE

Survey
Series

Date

1

May 31, 1974

September 1974

Routine survey

2

June 13, 1974

December 1974

Routine survey

3

July 17,

March 1975

Routine survey

4

July 30, 1974

May 1975

Ambient temperature
study

5

August 20-24, 1974

March 1976

Intensive survey.
Data used for model
prototype comparison

6

September 24, 1974

March 1976

Routine survey

7

October 22-25, 1974

March 1976

Intensive survey
The August, 74 and
Oct. 74, surveys.
are jointly presented
in a single report.

8

November 20, 1974

June 1976

Routine survey

9

April 23, 1975

August 1976

Routine survey

10

May 13-15, 1975

January 1977

Intensive survey

11

October 13-15, 1976

January 1977

Routine survey.

Report.Submitted
to NYSDEC/USNRC

1974
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Remarks

TABLE

4-2

Indian Point Thermal Survey Summary

i

(I)

Max. Tidal Phase
Excess
Temp. % river width(2 )
0o
F
(Tidal Phase)

Survey Series
(Date)

MWe

1.

(5/31/74)

1075

46

(LWS)

19

(LWS)

2.

(6/13/74)

975

36

(LWS)

16

(LWS)

3.

(7/17/74)

810

40

(EBB)

15

(Flood)

5.

(8/20-24/74)(5 )1140

33 (HWS)

14

(HWS)

(4 )

(3 )

% cross-sectional
area (Tidal Phase)

6.

(9/24/74)

1135

35

(LWS)

20

(LWS)

7.

(10/22-25/74)(61160

53

(LWS)

18

(LWS)

8.

(11/20/74)

700

49

(LWS)

18

(LWS)

9.

(4/23/75)

900

18

(HWS)

6

(Flood)

900

16

(LWS)

5

(LWS)

10.(5/13-15/75)(7
Notes:

(1)

(2)
(3)

(4)
(5)
(6)
(7)

)

Tidal Average
Excess Temp. % river(2
0OF
width

% cross-sectional
area (3%
area(3)

"Max. Tidal Phase" is designated as the tidal phase at which the most severe thermal impacts occurred.
Percent of the river surface width bounded by the isotherm representing the excess temperature.
Percent of the river cross-sectionai area bounded by the isotherm representing the excess temperature.
Total MWe from Units 1 and 2.
IPI not operating since 11/74.
Data taken on 8/23/74, representing the severe thermal impacts of this survey series.
Data taken on 10/23/74, representing the severe thermal impacts of this survey series.
Data taken on 5/13/75, representing the severe thermal impacts of this survey series.
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Thermal Hydraulic Models
In March 1976, Con Edison presented NRC with a multi
dimensional, time-dependent mathematical model to supplement
the existing physical and mathematical models for assessing
Initial model
Indian Point's thermal effluent behavior.
prototype comparison indicate that this complex hydro
temperature
evaluating
of
capable
thermal model is
distributions in a transient manner, and in Con Edison's
opinion, can supplement and replace the intensive thermal
survey monitoring program described above1 3 .
The transient multi-dimensional model has been used to
predict the combined thermal effects of the Danskammer,
Roseton, Indian Point,, Lovett and Bowline power plants on
Hudson River temperature distribution for the mid-summer and
from
These two particular seasons,
mid-fall seasons.
previous experience, are considered as critical in terms of
the thermal effect of plant operation on the Hudson River.
Hydrological and meteorological data for the months of
August and
October
are
selected,
respectively,
as
representing these two seasons.
Table 4-3 presents the more significant parametric values
used in the model simulations.
It should be noted that
since some of the power plants are not base load units, it
is realistic to use actual plant capacity factors in
determing the effective heat rejection rates of individual
power plants.
As shown on Table 4-3, a conservative
capacity factor of 0.9 is assigned for the Bowline Point and
the Roseton units, 0.8 for the Danskammer and the Lovett
units, and 1.0 for the Indian Point units.
Three computer calculations using the multi-dimensional
model were made for a typical mid-summer season (August).
The first calculation was designed to predict the thermal
impact of operation of the Danskammer and the Roseton
plants, and the second was designed to predict the thermal
plume from operation of the Danskammer, Roseton, Bowline and
Lovett plants.
The third calculation predicted the total
heat distribution resulting from all power plants, including
Indian Point Units Nos. 2 and
3.
Identical
model
simulations
were
made for a typical mid-fall season
(October).
The results for the October simulations indicate that the
tidal average, cross-sectional area incremental temperatures
in the plane of the Indian Point discharge structure are
about 3.60 F when Danskammer, Roseton, Indian Point Units 2
and 3, Lovett and Bowline plants are in operation, and about
1.10 F when only Danskammer, Roseton, Lovett and Bowline
plants are in operation (See Figure 4-5).
The corresponding
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TABLE

4-3

Input Data For Mathematical Simulations
Danskammer

Number of Units
Plant
loca +n,
mile point

Thermal Discharge
millions,Btu/hr
Capacity Factor
Cooling Water
rate,cfs

Mid-Summer

(August)

4
66.0

2,250
0.8

686

Roseton

Indian Point

2

43.0

5,000

13,840

0.9

1.0

1,448

3,880

4,000 cfs fresh water flow
78 F river water
6.5 mph wind speedtemperature
Mid-Fall

(October) conditions:
11,0g0 cfs fresh water flow
60.8 F river water temperature
7.9 mph wind speed

(1) Miles above the Battery

2

65.4

conditions

Lovett

5

Bowline
Point

2

42.0

37.5

2,375

5,208

0.8

720

0.9

1,711

FIGURE 4-5
COMBINED EFFECTS
3.5

OF DANSKAMMER,

ROSETON, INDIAN POINT,

LOVETT AND BOWLINE POWER PLANTS ON HUDSON RIVER TEMPERATURES
(MULTI-DIMENSIONAL MODEL SIMULATION OF MID-FALL, OCTOBER, CONDITIONS)

.J
zLJ

FIVE POWER PLANTS
INCLUDING INDIAN POINT

Li

CONDITIONS:
L0

FRESH WATER FLOW= 11,000 CFS
WIND SPEED= 7.9 MPH
RIVER WATER TEMP = 60.8-F
FOUR POWER PLANTS
WITHOUT INDIAN POINT

0

ci

z
L
0

,TWO POWER PLANTS
ROSETON AND DANSKAMMER

0
w-

DISTANCE FROM POUGHKEEPSIE, MILES

tidal average, cross-sectional area average incremental
temperatures for the August simulation are about 3.5 and 1.0
respectively (See Figure 4-6).
Biological Significance
In Section 4.4 of this Report, the biological impact of the
plant's thermal discharge is discussed.
The
material
presented above forms part of thg basis for reaching
conclusions on the aquatic implications of the thermal
discharge but is not in and of itself included in the cost
benefit analysis performed in Chapter 8.

4.3.2

NON-RADIOACTIVE CHEMICAL DISCHARGES

Normal operation of Indian Point Unit No. 2 necessitates use
of non-radioactive chemicals and consequently release of
certain chemicals to the Hudson River from plant operations
occur. The most common chemicals used in the plant are as
follows:
(1) Phosphates are used in combination with sodium hydroxide
in the treatment of plant service boilers;
(2) Hydrazine is used in the secondary
oxygen in the steam generators;

system

(3) Cyclohexylamine or morpholine is used in
system to adjust feedwater and steam pH,

to

the

control
secondary

(4) Lithium hydroxide is used in the primary system
control;
(5) Boric acid is used in the primary system as
shim;
(6) Potassium chromate is used in the closed
system as a corrosion inhibitor;

a

for

pH

chemical

cooling

water

(7) Sodium hypochlorite is used in the condenser cooling
system as a corrosion, scaling and microbiological
fouling inhibitor;
(8) Sodium hydroxide
demineralizers;

is

used

in

the

(9) Detergent is used in the plant laundry;
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primary

system

0

FIGURE 4-6

COMBINED EFFECTS OF DANSKAMMER, ROSETON, INDIAN POINT,
LOVETT AND BOWLINE POWER PLANTS ON HUDSON RIVER TEMPERATURES
(MULTI -DIMENSIONAL MODEL SIMULATION OF MID-SUMMER, AUGUST, CONDITIONS)

PLANTS
INDIAN POINT)

CONDITIONS:
FRESH WATER FLOW = 4,000 CFS
WIND SPEED = 6.5 MPH
0
RIVER WATER TEMP.= 78 F

POWER PLANTS
TWO POWER PLANTS

DISTANCE FROM POUGHKEEPSIE,

MILES

(10) Sulfuric acid is used as a chemical regenerant
waste water treatment process.

in

the

The discharge of chemical wastes from Indian Point Unit No.
2 to the Hudson River is regulated by the ETSR, the National
Pollutant Discharge Elimination System (NPDES) permit issued
by
the
United
States
Environmental
Protection
Administration, and the certificate issued by the New York
State Department of Environmental Conservation pursuant to
Section 401
(a) (1) of the Federal Water Pollution Control
Act. Specifically, the three documents identified above not
only specify the limits of various chemical discharges, but
mandate a continuous monitoring program to assure the
chemical discharges will not exceed the established limits.
Table 4-4 delineates the chemical concentration limits and
the monitoring program as specified by ETSR. Results of the
chemical monitoring program required by the ETSR for 1'975
are summarized on Table 4-5. The results clearly indicate
that actual plant chemical discharges are much less than the
limits specified on Table 4-4.
Similar findings
are
reported for the first six months of 1976.
All
the
chemicals discharged will be low enough in
concentration so as to result in no significant increases in
concentration of those chemicals in the
river,
and,
therefore, will not raise the concentration in the river to
a point where toxic effects on marine organisms would occur.
Section 4.4 of this report describes
the
biological
implications of plant chemical releases.
The material
presented above is not in and of itself included in the
cost-benefit analysis presented in Chapter 8.

4.3.3

RADIOACTIVE CHEMICAL DISCHARGES

Disposal of liquid radioactive waste from the Indian Point
site
will
be
governed
by the requirements of the
Commission's regulations
and
Technical
Specifications
concerning liquid radioactive discharges. For purposes of
demonstrating the compliance of the Indian Point units with
the
design
objectives
of Appendix I to 10CRF50, a
radioactive release evaluation was conducted assuming the
Technical Specification minimum water flow of 100,000gpm.
This evaluation
estimated
the
average
quantity
of
radioactive
material
expected to be released to the
environment from each Indian Point reactor during normal
power operation ("source term") and used these source terms
to calculate the radiological environmental impact
of
routine
plant
operation.
This
environmental impact
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TABLE 4-4

LIQUID EFFLUENT MONITORING SURVEY PER ENVIRONMENTAL
TECHNICAL SPECIFICATION REQUIREMENTS

Parameter Analyzed for

Max.
Conc. (ppm)

Collection and
Analyses Frequency *

Phosphate (Orthophosphate)

1.5

WK

Hydrazine

0.1

WK

Cyclohexylamine

0.1

WK

pH -

(units)

6.0 -

Lithium Hydroxide

0.01

D

Boron

1.0

D

Chromium (total)

0.05

WK

Residual Chlorine (free and
combined)

0.5

D

Chlorine Demand

(Not

Applicable)

Sodium Hydroxide

(Not

Applicable )

Specified Conductance
(Salinity)

(Not

Applicable)

Soda Ash

(Not

Applicable)

Sulfuric Acid

(Not

Applicable)

Turbidity (Suspended Solids)

(Not

Applicable)

Dissolved Oxygen

(Not

Applicable)

Detergent

1.0

Drewgard 100

2.5

*

9.0

DD

WK (weekly), MO (monthly), D (during discharge), DD (conti
nuously during discharge of regenerant wastes from neutra
lization facility).
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TABLE

4-5

SELECTED LIQUID EFFLUENT MONITORING DATA
1975(1)
Parameter

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

pH

7.2-7.8

7.3-7.8

7.1-7.8

7.3-7.8

7.4-7.7

7.6-7.7

7.4-8.1

7.6-7.7

7.5-7.9

7.4-7.9

7.6-7.8

7.4-7.9

Phosphate,
mg/l

<0.1-0.2

<0.1

<0.1

<.1-0.6

<0.1-0.2

<0.1

<.1-0.2

<.i

<.i

<.l-.2

<.i

<.i

<.005

<.005

<.005

<.005

<.005

<.005

<.005

<.005

<.005

<.005

<.005

<.005

Cyclohexylamine <0.1
mg/l

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Boron,mg/l

<0.2

<0.2

<0.2

<0.2

<0.2

<.2

< .2-. 9

<.2-.3

<.2

< .2-. 3

<.2

<. 2-. 6

Chromium,
mg/l

<.003

<.003

<.003

<.003

<.003

<.003

<.003

<.003

<. 003

<.003

<.003

<.003

Detergent,
mg/l

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<.05

<.05

<.06

<.05

Hydrazine,
mg/l

Free Residual
Chlorine,ppm
Total Residual
Chlorine,ppm
Dissolved
Oxygen,mg/l

_(2)

_ (2)

-(2)

-(2)

_(2)

_ (2)

-(2)
- (2)

<.05
.27

<.05-.49

.<.05
.16
<.05
.18

9.4-11.8
9.8-15.0

14.8-15.0 13.8-14.8 12.8-14.4

Data taken from "Annual Environmental Operating Report
No Chlorination

<.05

6.2-7.6
7.1-8.7

1975,"

_(2)

<.05

_(2)

5.7-7.9
6.3-7.7

submitted to NRC on 3/30/76.

_(2)

-(2)

9.5-13.0
6.6-10.3

_(2)

_(2)

12. -15

assessment was performed considering all
related pathways.

significant

water

Tables 4-6 and 4-7 present the calculated source term
arising from operation of Indian Point Units Nos. 1, 2 and
3.
Tables 4-8 and 4-9 presents a summary of the Indian
Point liquid pathway doses to the total body and critical
organ of the maximum exposed individual. These doses were
computed assuming the source term presented in the previous
tables.
Since these evaluations were performed assuming a service
water flow of 100,000gpm, operation of the Indian Point
units with normal once-through cooling flow would result in
even lower radiation doses
to
the
maximum
exposed
individual.
Doses to the general population would remain
virtually unaffected at either the normal plant flow rate or
at 100,000 gpm.
Operation with once through cooling would
entail
no
significant adverse radiological environmental effects since
the design objectives of Appendix I are more than satisfied
with this mode of cooling. For purposes of the cost-benefit
analysis, the
impact
of
radioactive
discharges
is
insignificant.

4.3.4

DISSOLVED OXYGEN

It has been speculated that the operation of Indian Point
will lower the dissolved oxgen (D.O.) concentration in its
circulating water (and thus in the river) because of
temperature and pressure effects on the saturation value of
dissolved oxygen.
Earlier analytical and field work conducted by Lawler,
Matusky & Skelly Engineers indicate that there was no
discernable difference in the D.O. concentration between the
intake and discharge due to plant operations, and the
thermal plume will not cause any significant reduction in
the river D.O. concentration.14, Is
In 1974 and 1975, Con Edison conducted a series of D.O.
surveys across the cooling water systems of both Indian
Point Unit No. 1 and No. 2 pursuant to requirements
specified in the 401 Certification issued by DEC for Indian
Point Unit No. 2. Table 4-10 lists the surveys conducted.
Summary results of each survey were submitted to both the
NYSDEC and the NRC.
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TABLE 4-6

INDIAN POINT UNIT NO. 1 LIQUID SOURCE TERMS

Corrosion and Activation Products
Isotope

Curies/yr

CR51
MN54
FE55
FE59
C058
C060
ZR95
NB95
NP239

2.OOE-04*
1.OOE-03
1.70E-04
1.20E-04
5.70E-03
8.90E-03
1.40E-03
2.OOE-03
1.00E-04

Fission Products
Isotope

Curies/yr

BR83
RB86
RB88
SR89
SR91
Y91M

1.00E-04
9.OOE-05
1.OOE-05
5.OOE-05
4.OOE-05
3.OOE-05

M099

9.60E-03

TC99M
RU103
RU106
AG1O1M

2.60E-02
1.40E-04
2.40E-03
4.40E-04

TE127M

2.OOE-05

TE127
TE129M
TEl29

1.40E-04
1.50E-04
2.50E-04

1130
TE131M
TE131
1131

1.80E-04
2.10E-04
4.00E-05
4.60E-02

TE132
1132

2.50E-03
9.OOE-03

1133
1134

3.70E-02
9.OOE-05

CS134
1135
CS136
CS137
BA140
LA140
CE144
H3

4.OOE-02
1.20E-02
1.20E-02
4.20E-02
2.OOE-05
3.OOE-05
5.20E-03
7.20E+02

*

Read as 2.00 x 10 - 4
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TABLE 4-7

INDIAN POINT UNIT NO. 2 or 3 LIQUID SOURCE TERMS
Corrosion and Activation Products
Isotope

Curies/yr

CR51
MN54
FE55
FE59
CO58
C060
ZR95
NB95
NP239

4.70E-04*
1.1OE-03
4.OOE-04
2.80E-04
8.10E-03
9.20E-03
1.42E-03
2.02E-03
2.10E-04

Fission Products
Isotope

Curies/yr

BR83
RB86
SR89

1.OOE-04
2.30E-04
1.10E-04

SR91

5.00F-05

Y91M
Y91
M099
TC99M
RU103
RU106
AGI1OM
TE127M
TE127
TE129M
TE129
1130
TE131M
TE131
1131
TE132
1132
1133
1134
CS134
1135
CS136
CS137
BA140
LA140
CE141
PR143
CE144
PR144
H3
*

4.OOE-05
2.OOE-05
2.OOE-02
3.40E-02
1.50E-04
2.40E-03
4.40E-04
6.OOE-05
2.00F-04
3.50E-04
3.30E-04
3.00E-04
3.90E-04
8.O0E-05
1.60E-01
5.40E-03
1.1OE-02
8.20E-02
7.00E-05
8.00F-02
1.50E-02
3.00E-02
6.90E-02
5.00E-05
7.00E-05
2.00E-05
1.00E-05
5.20E-03
1.00E-05
6.40E+02

Read as 4.70 x 10 - 4
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TABLE 4-8

SUMMARY OF RADIOLOGICAL EFFECTS
LIQUID EFFLUENTS

IPI Liquid Pathway Doses to Maximum Individual

Pathway

(i)
Max. Organ(
Dose (liver) ,mr/yr

Max. Total (1)
Body Dose mr/yr

Fish (2)

4.57 x 10

3.41 x 10 -1

Invertebrate

1.01 x 10

6.70 x 10

Shoreline

1.17 x 10

Swimming

2.09 x 10 -5

2.09 x 10 -5

Boating

2.09 x 10 -5

2.09 x 10

Totals

4.68 x 10 -1

3.49 x 10

3

1.17 x 10

-3

1

(1) Adult is critical age group for both total body and organ
dose.
(Total from all pathways.)
(2)

Fish ingestion doses are believed to be overestimated
by at least one order of magnitude. For discussion, see
report entitled "An Evaluation to Demonstrate the Com
pliance of the Indian Point Reactors with the Design
Objectives of Appendix I to 10CFR50."
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TABLE 4-9

SUMMARY OF RADIOLOGICAL EFFECTS
LIQUID EFFLUENTS

IP2 or 3 Liquid Pathway Doses to Maximum Individual

Pathway

Max. Organ (1)
Dose (Liver),mr/yr

Max. Total (1)
Body Dose, mr/yr

Fish (2)
Invertebrate
Shoreline
Swimming
Boating

8.49
1.75
1.90
3.98
3.98

6.40
1.23
1.90
3.98
3.98

Total

8.68 x 10-1

x
x
x
x
x

10-1
10-2
10- 3
10 - 5
10 - 5

x
x
x
x
x

10-1
10-2
10 - 3
10 - 5
10- 5

6.54 x 10-1

(1)

Adult is critical age group for both total
body and organ dose.
(Total from all pathways).

(2)

Fish ingestion doses are believed to be over
estimated by a least one order of magnitude. For
discussion, see report entitled "An Evaluation to
Demonstrate the Compliance of the Indian Point
Reactors with the Design Objectives of Appendix I
to 10CFR50."
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TABLE 4-10

LIST OF INTAKE-DISCHARGE DISSOLVED OXYGEN SURVEYS

SURVEY
SERIES

DATE

NO. OF DAYS

1

24 May to 22 June 74

30

2

29 July to 29 August 74

32

3

21 Oct. to 27 Oct. 74

7

4

17 Nov. to 23 Nov. 74

7

5

21 April to 28 April 75

8

6

12 May to 21May 75

4-24

10

Examination of the 19714-75 data confirms the previous
causes no discernible
that
plant
operation
finding
difference between the dissolved oxygen measurement obtained
at the intake of Indian Point Unit No. 2 and in the
discharge canal. The NYSDEC concurred with this conclusion
and consequently amended the Section 401 D.O.
survey
requirements from 30 days of measurements four times a year
(a total of 120 days per year) to five days of measurements
to be conducted at the time of each thermal survey.
During August 1974, Con Edison conducted a series of
dissolved oxygen measurements in the Hudson River in the
vicinity of Indian Point to investigate the validity of the
speculation of the NRC staff (FES, 1P2, piii, and FES IP3, p
iv) that plant operation may reduce ambient D.O. levels.
However,
these river D.O. surveys indicated that the
operation of Indian Point station has no discernible impact
on ambient river D.O. concentrations.
A series of twelve dissolved oxygen river surveys were
conducted. The month of August was selected because it had
been speculated by the NRC staff that the impact of plant
operation on ambient dissolved oxygen levels would be most
severe in late summer and early fall. The lowest ambient
D.O. levels occur in later summer, because the maximum
solubility of D.O. decreases with water temperature, and the
highest river water temperatures occur in August.
Each river survey consisted of a sequence of D.O. and
temperature measurements versus depth at over 50 locations,
distributed in a ray-like fashion emanating from the Indian
Point discharge canal in upstream, downstream, and cross
river directions.
The following figures represent the
results of four representative surveys conducted on July 31
Figure 4-7),
August 1st
(Figure 4-8), August 7th (Figure
4-9) and August 13th (Figure 4-10), 19714.1, Both Unit Nos. 1
and 2 were off-line from July 28th to mid-day of July 30th;
from then until August 5th only Unit No. 1 operated at an
average gross generation of 250 MWe. On August 7th and 13th
both Unit Nos. 1 and 2 operated at a combined electrical
generation of approximately 1050 Mwe gross, therefore,
Figure 4-7 and 4-8 would represent the impact under minimal
influence from the station, while Figures 4-9 and 4-10
represent the impact under almost 90% of the site's maximum
generation.
Clearly, from these figures there is no
discernible difference between the D.O. patterns, save that
D.O. levels in the inrnediate vicinity of the discharge canal
are higher than the rest of the river. This suggests that
the turbulence created by the effluent from the discharge
structure aerates the discharge region, thus creating higher
D.O. levels.
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INDIAN POINT DISSOLVED OXYGEN SURVEY
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Biological implications of D.C. levels are discussed in
The information presented
Sectiotn 4.4.1 of this report.
above is not directly included in the cost-benefit analysis
performed in Chapter 8.

4.3.5

CHLORINATION

In accordance with the Environmental Technical Specification
Requirements for Indian Point Units Nos. 1, 2 and 3, the
maximum frequency of chlorination of the circulating water
system is three (3) times per week when the intake water
temperature is 4j50r or higher, and the maximum concentration
the total residual chlorine in the cooling water
of
discharge to the Hudson River can not exceed 0.5 ppm nor an
average of 0.2. ppm during a maximum of 2 one-hour periods a
day.
Assuming chlorination would be required from mid-April
through early' December when the river water is warmer than
450 F, and the frequency of chlorination is three -times per
week, the total number of chlorination periods become
approximately 100 times a year. During the last two years,
however, the actual chlorination frequency has been much
lower than that estimated above. The record indicates that
2 cooling water system was
the Indian Point Unit No.
The
chlorinated only 16 times in 1974 and 14 times in 1975.
new chlorination procedure adopted for Indian Point station
calls for physical examination of the condenser to determine
whether chlorination is necessary or not.
in addition to the reduction in chlorination frequency, the
residual chlorine in the effluent has been determined to be
As shown in Table 4-5, most of
practically undetectable.
the residual chlorine measurements in the discharge canal
were found to be less than 0.05 ppm. These low residual
chlorine values are less than 10 percent of the limit set by
ETSR together with the infrequency of chlorination lead to
the conclusion that chlorination at Indian Point does not
cause any significant adverse environmental impact.
Biological implications of plant chlorinations are discussed
in Section 4.4.1 of this Report. The information presented
above is not directly included in the cost-benefit analysis
performed in Chapter 8.
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4.4

AQUATIC BIOLOGICAL INFORMATION FOR USE
BENEFIT ANALYSIS

IN

COST

The findings of con Edison's Ecological Research Program on
the effects of once-through cooling on the aquatic biota of
the Hudson River are presented in the Final Research Report
(FRR) incorporated by reference as Appendix B to this report
(See Section 2.2 of this Report for additional information
on the Ecological Research Program). The Final Research
Report contains, in detail, the results of a long-term study
effort designed to respond to the concerns expressed by the
NRC Staff in the FES for Indian Point Unit No. 2 (September
1972), and to other topics raised in the subsequent Indian
Point 2 proceedings.
Utilizing the results of the Research Program, power plant
impact on the aquatic biota has been evaluated for Indian
Point Unit No. 2 alone, and for the joint effect of all
facilities
which
became
steam-electric
generating
Emphasis has
operational on the Hudson River after 1970.
been placed on the striped bass population because of its
economic and social significance and the sensitivity of its
early life stages to plant impact. As a result, techniques
have been developed to predict the long-term effect of power
plant operations on the striped bass population and, provide
quantitative estimates of the impact. These techniques have
been incorporated in the LMS Real-Time Model described in
Section 4.41.3 of this report. The impact on the striped
bass fishery forms the key portion of' quantified biological
input to the cost-benefit analysis.
Discussions of plant
effects on organisms other than fish, and on fish other than
striped bass, are presented in Sections 4.4.2 and 4.4.4,
respectively.

4.4.1

PLANT DISCHARGE EFFECTS ON AQUATIC BIOTA

As a result of normal plant operation, certain discharges
into the river occur. The effects of these discharges upon
the river's aquatic biota are discussed in this Section.
Chemical Discharges
As discussed in Section 4.3, Indian Point Unit No.
2's
discharge of chemicals into the Hudson River is regulated by
the "Environmental Technical Specification Requirements"
(ETSR), the National Pollutant Discharge Elimination System
(NPDES) permit,, and the certificate issued pursuant to
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Section 401 (a)(1) of the Federal Water Pollution Control
Act.
These three permits not only specify the limits of
various chemical discharges but mandate
a
continuous
monitoring program to assure that chemical discharges do not
exceed the established limits. Results of the 1975 chemical
monitoring program which were submitted to the NRC in March
1976, clearly indicate that actual chemical discharges are
much less than maxima specified by the ETSR. Thus, chemical
effluents from Indian Point are not bel~eved to present any
danger to the biota of the Hudson River.
In response to specific concern about chlorine toxicity
expressed in the Indian Point Unit No. 2 FES', Con Edison
modified its original chlorination procedures. The results
are believed to have eliminated any basis for concern about
ecological damage. For most of the year, the residual
chlorine in the effluent from Indian Point is practically
undetectable ( 0.05 ppm whereas the accuracy of a residual
chlorine analysis is +0.05 ppm).
The Indian Point Unit No.
2 cooling water system was chlorinated only 16 times in 1974
and 14 times in 1975. This actual chlorination frequency is
much less than the maximum possible yearly frequency of
chlorination as specified in ETSR.
There are a variety of other chemicals that are commonly
discharged by most power plants, including Indian Point (See
Section 4.3). The effects of these chemicals
(and others)
on .selected
aquatic biota, as established through bioassay
studies, are presented in Appendix D of the FRR.
The chemical discharges of Indian Point Unit No. 2 are also
within
the
guidelines
established
by
the EPA for
safeguarding the survival and reproduction of
aquatic
species
(see FRR Section 1.1.2).
Therefore, no significant
detrimental impact on Hudson River life is anticipated as a
result of continuing present levels of chemical discharges
from Indian Point Unit No. 2. Furthermore, annual chemical
discharges from a cooling tower system probably would not be
less than the quantities used in once-through cooling.
Therefore the biological effects of chemical discharges have
not been included as quantified impacts in the cost-benefit
analysis presented in Chapter 8.
Therefore, impacts on
aquatic biota associated with chemical discharges
are
qualitatively described in the cost-benefit analysis as
insignificant.
Thermal Discharges
Discussions of the thermal plumes and nearfield thermal
effects associated with the operation of Indian Point Unit
No. 2 are presented in detail in Section 4.3.1 of this
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report and Section 2.3.2.1 of the FRR. Thermal loading of
the water column can harm organisms or modify ecosystem
In general, the biological effects of a thermal
function.
discharge
depends
upon
a
number
of
site-specific
characteristics;
the
water's ambient temperature, the
magnitude of the temperature rise as the water passes
through
the
condenser cooling system, the kinds and
physiological states of the organisms present and a variety
of other plant operational and biological factors.
Considerable literature is available which documents the
acknowledged and potential effects of thermal discharges on
aquatic biota.
Much of this information is summarized in
Appendix C of the FRR. For Indian Point Unit No. 2, it has
been shown that phytoplankton, zooplankton,17 and benthic1 6
communities have not been significantly affected by the
existing operating temperatures.
Similarly, fish in the
river tend to avoid any critical temperatures that may be
present in the plume. 18 During the winter months, some fish
may be attracted to, and become acclimated to the higher
temperatures in the plume. In the case of plant shutdown,
the possibility exists that these fish
could
suffer
mortality from "cold shock." However, at Indian Point Unit
No. 2, it was found that a 10% drop from maximum plume
temperatures to winter ambient did not kill white perch and
striped bass,18 so that under these conditions no mortality
would be expected.
Another potential consequence of thermal discharges is their
effect on the river's dissolved oxygen (DO) concentrations.
It has been speculated that thermal and/or pressure effects
resulting from plant operation might reduce the river's DO
levels. The results of field measurements, reported in
Section

4.3.4,

indicate

that

no significant reduction in

river DO levels could be attributed to the thermal plume or
any other aspect of plant operation.
It is unlikely,
therefore, that any adverse effect on aquatic biota can
result from the influence of Indian Point Unit No. 2 on DO
concentrations in the Hudson River.
Because no significant biological impact can be assigned to
Indian Point Unit No. 2 thermal discharges, the impact of
these discharges has not been included in a quantified
manner in the cost-benefit analysis of Chapter 8.
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4.4.2

EFFECTS ON ORGANISMS OTHER THAN FISH

The FES' for Indian Point Unit No. 2 indicated that, as a
result of plant operation, no important changes would occur
in bacterial populations, significant changes could occur in
the phytoplankton community, detrimental effects on resident
benthic organisms would occur over a small portion of the
and there may be an adverse effect on the
estuary,
zooplankton community, especially Neomysis. In the course
of hearings, Con Edison submitted evidence to-show that
there would be no substantial plant impact on" bacteria,
phytoplankton and zooplankton; any direct effects would be
slight in relation to the total populations of these
The Atomic Safety & Licensing Board (ASLB)
organisms.
supported Con Edison's position with respect to these
Information found in the FRR (sections 3 and 4)
organisms.
further supports this finding. Since it appears that the
effects on bacterial populations are commonly acknowledged
to be insignificant, they will not be discussed in this
Section.
The ecological significance of all these "other" organisms
is primarily as constituents of food chains upon which most
fish species depend. Food habit studies on striped bass and
white perch in the Hudson River estuary reveal that, in
general, the most abundant invertebrates are also the most
common food items utilized by these two fishes. Principal
food items of young-of-the-year striped bass and white perch
are copepods and Gammarus. with copepods being more common
in white perch, and Gammarus being more often found in
striped bass. 9 Neomysis is a common food item for striped
bass in the fall; otherwise it is of little importance to
striped bass in the Hudson River estuary. These and other
invertebrates, in turn, may depend upon zooplankton, algae
or detritus as food sources. A discussion of the Hudson
River estuary's trophic structure may be found in FRR
Section 4.2.
Phytoplankton
Phytoplankton species composition and abundance in the area
of Indian Point have been extensively studied (see FRR
plant
of
power
Section 2.2) to assess the effects
in
trends
general,
In
organisms.
entrainment on these
Variation
1975.
and
1974,
in
1972,
abundance were similar
in algal species composition in the Indian Point area also
It
followed similar patterns for the years mentioned.
had
little
appears, therefore, that plant operation has
effect on the relative number and kinds of phytoplankton
species in the Indian Point Area.
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It was similarly shown that primary productivity was not
affected by plant operation (see FRR Section 3.8).
Microzooplankton
The most abundant group in the microzooplankton fauna are
The
the
microcrustaceans - copepods and cladocerans.
distributions of most of these organisms vary with seasonal
changes in salinity patterns in the estuary (See FRR section
4.2).
Microzooplankton typically do not exhibit strong
day/night differences in abundances (see FRR Table 4.2-2).
When such differences do occur, they are local - daytime
numbers may be more or less than nighttime numbers, the
variations fitting no particular pattern. This means that
they are equally vulnerable to entrainment throughout a 24
hour period.
Experimental studies conducted by New York University to
determine the effect of temperature changes and entrainment
on these organisms at Indian Point1 ?,2 0 ,2 1 have shown that
on rare occasions there
was
significant
entrainment
mortality of certain copepod species.
Cladocerans were
generally resistant to damage in all seasons.2' Thermal
tolerance studieszl indicated that microzooplankton were
generally insensitive to temperature
changes
of
the
magnitude expected during plant operations at Indian Point
.during most of the year.
Mortality of microzooplankton,
especially calanoid copepods (Acartia W , increased during

summer as maximum temperatures.in the discharge canal were
reached.
Microzooplankton typically have rapid generation
time, consequently, plant operations probably have little
effect on population size or growth rates.
New York
Universityss studies17,2 o,21 show that the operation of the
Indian Point power plants has not significantly influenced

the microzooplankton community in the Hudson River estuary.
Macrozooplankton
The macrozooplankton community of the Hudson River estuary
is
dominated
by
a few kinds of small crustaceans,
principally the amphipods Gammarus and Monoculodes and the
cladocerans Daphnia and Leptodora:21,22,23 The oppossum
shrimp, Neomysis americana, is seasonally abundant.
Like
the microzooplankton, the macrozooplankton distribution is
significantly influenced by salinity.
The most common

member of the macrozooplankton community is the scud,
Gammarus. It is present throughout the estuary most of the
year, but is most abundant in fresh or only slightly
brackish regions.
Neomysis. the oppossum
shrimp,
is
practically excluded from freshwater and is most abundant in
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saline waters immediately below the freshwater regions. It
is abundant at Indian Point only during those periods when
salinity is greater than 1000 ppm. 21
Macrozooplankton are usually most abundant in later spring
and summer with wide spatial and temporal fluctuations in
abundance. Many members of the community are found near the
bottom during daylight and migrate upward through the water
column at night. This habit causes the density of organisms
in the middle and upper parts of the water column to be much
greater at night than during the day;
such variations may
cover two or three orders of magnitude. 20 , 21
The vulnerability of macrozcoplankton to entrainment varies
throughout each 24-hr period because of diurnal migrations,
and seasonally with variations in overall abundance related
to salinity and population size. Entrainment mortality at
Indian Point is species-specific. Gammarus and Monoculodes
are only slightly affected with 4-9% immediate mortality due
to entrainment at the end of the discharge canal compared to
the intake. Other species are more severly affected (see
FRR Section 4.2).
Chlorination, an infrequent event at
Indian Point, increases mortality rates for all species of
macroinvertebrates. 2 1,24
Neomysis and Monoculodes
(also abundant only in saline
waters) are, at present, only vulnerable to the Bowline
Pointy Lovett and Indian Point power plants; the Roseton and
Danskammer plants are at the northern extreme of saline
intrusions. Principal macrozooplankton entrained at the
northern-most
plants
include
Leptodora
and
Daphnia
(Cladocera).
Macrozooplankton populations are not significantly affected
by power plant operations.
Gammarus and Monoculodes are
tolerant of entrainment inaddition to being very abundant.
Neomysis, which is sensitive to entrainment damage, may
experience high entrainment mortality rates when the salt
front is in the vicinity of the plant. For example, those
individuals entrained experience significant mortalities
when ambient temperatures are 260C (78.8 0 F) or higher and
the delta T is at least 8.30 C (14.9 0 F).
At summer ambient
temperatures,
and
with
delta
T
of 8.30 C (14.8 0 F)
approximately 50% of the entrained Neomysis will survive.
Plant impact on Neomysis is insignificant relative to the
size of its estuarine population.
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Benthos
Benthic community composition in the lower Hudson River
varies from a primarily brackish water assemblage in the
lower reaches to a freshwater community above the range of
salt intrusion.
Annual mean density of groups typical of
saline waters diminisheswith distance from the river mouth
(FRR Table 4.2-5).
Other groups, such as nematode worms are
common throughout the estuary. Annelid worms and molluscs
are the estuary's most abundant benthic organisms, while
insects and crustaceans are relatively less numerous (FRR
Table 4.2-6).
The proportions of molluscs and segmented
marine worms generally decrease while the proportions of
insects and other taxa increase upriver from Indian Point.
Species
composition
and relative abundance vary with
substrate composition and depth.
In shallow embayments
(e.g., Peekskill Bay) and particularly those receiving
sewage effluents, high organic content of the sediments
results
in low diversity (few species) and numerical
dominance by a few species such as sludgeworms (Tubificidae)
that tolerate low levels of dissolved oxygen. 22
The majority of benthic organisms are unlikely to be
entrained
in
power
plant
cooling water intakes or
discharges. Studies in the area of Indian Point' s have
shown that abundance, species composition and biomass of the
benthic community are not significantly altered by the
plant's thermal effluent.
In summation, the effect of operation of Indian Point Unit
No.
2
with
once-through
cooling
on phytoplankton,
zooplankton and benthic organisms is slight.
For this
reason, effects on the Hudson River fishery due to any
impact on these invertebrate organisms is similarly not
significant.
Therefore, organisms other than fish have not
been included in the quantified portion of the cost-benefit
analysis in Chapter 8.

4.4.3

PLANT EFFECTS ON STRIPED BASS

Two analytical procedures have been used to obtain estimates
of power plant impact on the striped bass population.
They
are the Equilibrium Reduction Equation (ERE) method and the
Real-Time Life Cycle Simulation Model (Real-Time Model).
The ERE provides an estimate of the long-range reduction in
the equilibrium spawning stock due to sustained operation of
the power plants at the operating levels in effect during
1974 and 1975. The Real-Time Model provides an estimate of
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long-range
impact
based on projected plant operating
conditions. Both procedures use the same basic data, but
employ very different techniques using different sets of
assumptions.
The cost-benefit analysis contained in Chapter 8 of this
report utilizes the impact estimates from the Real-Time
Model. These are higher than the estimates produced by the
ERE.
While the Real-Time Model can be used to predict
impact using either the 19741 or the 1975 data base (Sec. 12
of FRR), only the 1974 data base has been used in the cost
benef it analysis. Predictions of impact on the striped bass
population using the 19741 data base are considerably higher
than those generated from the 1975 data base.
In the following Sections, selected aspects of the life
history (4.4.3.1), impingement (4.4.3.2). and entrainment
(4.4.3.3), of striped bass are briefly presented. The
remainder of Section 4.4.3 deals with the methodology
leading to the establishment of the Real-Time Model and
examines those factors which influence and contribute to it.
The multi-plant impact on striped bass as predicted by the
Real-Time Model is found in Section 4.4.3.4 (for once
through cooling) and Section 5.4 (for closed-cycle cooling
at Indian Point Unit No. 2).

It.4.3. 1

LIFE HISTORY

The anadromous striped bass spawns in freshwater rivers,
usually from April to June, and then 'returns to the ocean.
Fecundity data indicate that a single female may lay 150,000
to several million semibuoyant eggs. Approximately 50% of
all fertilized eggs hatch, usually within 38-74 hours after
fertilization. In early July, the motile post yolk-sac
larvae move from the main river channel to the shoal areas
where they develop into the juvenile stage in
late July.
The juveniles then begin to move downstream toward areas of
higher salinity.
During September and
October,
many
juveniles migrate from the river; some overwinter in the
lower estuary and bays before migrating to the ocean, while
others are found in Long Island Sound or of f the south shore
of Long Island.
Striped bass larvae and early juveniles feed principally on
copepods and Gammarus; larger juveniles feed on insect
larvae,
annelid worms, Mysis, crabs, and small fish.
Yearling diets consist primarily of fish, and individuals
age II or older feed almost exclusively on fish. Although
striped bass trophic relationships change with life stage
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and the availability of prey, the species is apparently an
opportunistic predator. Juveniles are probably subject to
both interspecific and intraspecific competition for food
within the estuary and appear to grow more slowly at high
density; the influence of 2 2competition on the growth of

adults, however, is unknown.

Atlantic tomcod, Atlantic cod, bluefish, silver hake, and
larger striped bass may prey on small striped bass. Cluster
analysis of species associations has shown that young-of
the-year striped bass are most closely associated with
young-of-the-year shad and adult white perch during the
summer; during other seasons, however, young-of-the-year
striped bass are more closely associated with young-of-the
year alewives and blueback herring. Striped bass yearlings
are closely associated with bluefish young-of-the-year and
bay anchovy. For a more thorough discussion of these life
history features, Section 5.1 of the FRR examines the
anatomy, distribution, life cycle, trophic relationships and
behavior of striped bass in the Hudson River estuary.
Furthermore,
Section 7 of the FRR contains a detailed
analysis of these and other characteristics of the striped
bass population.

4.4.3.2

IMPINGEMENT OF STRIPED BASS

Indian Point Unit No. 2 was monitored daily for impingement
of striped bass and other species on its river water intake
screen system.
The number impinged varied with river
conductivity, temperature, and plant circulating water flow
as well as with fish abundance and distribution.
Usually,
striped
bass were less than 2% of the total annual
impingement collections.
Also, collection efficiency at
Indian Point Unit No. 2 was found to vary with operation of
the air curtain required at the Unit No. 2 intakes by the
New York State DEC.
Based on 1973-75 data, and using
several correction factors (primarily adjusting for a rather
low
collection
efficiency),
it
is
estimated
that
approximately 24,000 striped bass are impinged each year at
Indian Point Unit No. 2 (FRR Table 9.2-3).
The average
weight of impinged striped bass at Indian Point was 16.6 gms
(0.59 oz.).
The average length was 203.7mm (4.1 in.) (see
FRR, Tables 9.3-1, 9.3-2, 9.3-3)
Impingement of striped bass at Indian Point Unit No. 3 for
the limited period monitored during 1974 was estimated to be
221 fish.
The absence of fixed screens may have accounted
for the comparatively high collection efficiency of 80% at
Unit 3.
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Impingement at Indian Point Unit No. 1 has been monitored
since mid-1972. Collection methods are identical to those
Corrections for collection efficiency at
at Unit No. 2.
During 1973-75, 2,437 striped
Unit 1 are not available.
As at Unit No. 2, striped bass are
bass were collected.
usually less than 2% of all fish impinged.
The frequency of impingement sampling at the other Hudson
River power plants varied between weekly and biweekly. The
estimated total annual impingement of striped bass at these
These estimates were not
plants appears in Table 4-11.
screens,
adjusted for occasional inoperative traveling
recirculation of impinged fish, survival of some impinged
fish and losses in the collection process.

.4.3.3

ENTRAINMENT OF STRIPED BASS

Number of striped bass eggs and larvae entrained by the
Hudson River power plants were estimated both from direct
measurements at plant intakes and discharges and from
simulation model calculations.
Based on samples taken at
these plants, the estimated totals of striped bass eggs and
larvae
entrained
at
Indian
Pont
Unit No. 2 were
approximately 6,500,000 and 11,600,000, respectively, in
1974, and 7,500,000 eggs and 31,600,000 larvae in 1975. The
higher entrainment estimates for 1975 were due to higher
abundances of striped bass ichthyoplankton and slightly
higher plant flow rates.
Indian Point Unit No. 3 was not operational until February
1976, when limited operation of the circulating water pumps
was begun; consequently, no striped bass ichthyoplankton
were entrained at Unit No. 3 during either 1974 or 1975.
The design and pumping rates of Unit 3 are identical to.
those of Unit No. 2, and the intakes of the units are
approximately 700 feet apart; therefore, if, both units were
operated at the same levels of cooling-water withdrawal, the
entrainment of striped bass ichthyoplankton at Unit No. 3
probably would not differ significantly from that at Unit
No. 2.
At Roseton, 20,000 eggs and 500,000 larvae were entrained in
1974 and 150,000 eggs and 12,000,000 larvae in 1976.
At
Bowline Point, eggs were not enumerated in 1974 samples, but
700,000 larvae were entrained. In 1975, eggs were also not
enumerated but 2,300,000 larvae were entrained.
Entrainment was calculated also for Indian Point Unit No. 1,
Lovett, and Danskammer, but these plants have been operating
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TABLE

4-11

ESTIMATED ANNUAL IMPINGEMENT OF STRIPED BASS AT ROSETON, BOWLINE
POINT, LOVETT, DANSKAMMER AND ALBANY POWER PLANTS FOR 1974 and 1975

ESTIMATED NO.
1974

FISH IMPINGED
1975

520

1,820

81,904

82,947

41 (66)

9, 158

5,726

Danskammer

66

6,.43 4

2,779

Albany

140

19,628

6,586

PLANT

RIVER MILE(Km)

Roseton

65.4

(105.6)

Bowline Point

37.5

(60)

Lovett

(106)
(224)
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long enough that their effects are already reflected in the
fish population, so they are not included in the plant
impact assessment.

14.4.3.4

IMPACT ESTIMATED. (MODELS)

This section discusses the two analytical approaches used
(in the FRR)
to calculate the impact on the Hudson River
striped bass populations due to plant operation.
The
results of one of the analytical techniques, the Real-Time
Model, are then converted to monetary values as described in
Chapter 6 for use in the cost-benefit analysis.
Equilibrium Reduction Equation (ERE)
The definition of impact used in
this estimate is
the
percentage by which the pre-impact equilibrium level of the
fish population is ultimately reduced as a result of plant
operation.
mortality
statistics
that
reflect plant
operation are entered into an equation that predicts the
average percentage by which the striped bass population will
be reduced
(for a comprehensive discussion of the ERE, see
FRR Section 11).
To calculate the impingement impact
estimates, an exploitation rate was estimated directly from
both' population size at the beginning of
impingement
vulnerability and numbers impinged. For entrainment, the
ratio of plant intake to Hudson River ichthyoplankton
densities was estimated to be 0.5. The fraction of the
different life stages cropped during
entrainment
was
estimated to be 80% for eggs, 60% for larvae and 70% for
juveniles. Reduction in equilibrium stock size due to
impingement was estimated using the equilibrium reduction
equation based on a compensatory relationship
between
spawning stock and recruitment which is the subject of FRR
Section 10, and is briefly presented below.
When fish populations are reduced by a commercial fishery or
sport fishery, or
by
power
plant
entrainment
and
impingement, the survival rate or the reproductive rate
among the surviving population tends to increase.
This is
known as a compensatory response to the factors that crop
the population.
The striped bass population,
has
a
measurable and impressive natural resiliency to persist in
the face of exploitation by man.
Compensatory processes which occur in the Hudson River are:
intraspecific. competition
leading to density-dependent
growth of juveniles, cannibalism of yearlings on juveniles,
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and predation by several other companion species on juvenile
striped bass.
There is also evidence that Hudson River
striped bass respond to the combined commercial and sport
fishery
in
a
compensatory manner.
Density-dependent
(compensatory) regulation of the striped bass population of
the Hudson River has been represented mathematically by a
Ricker stock-recruitment curve, from which estimates of
compensatory
reserve have been calculated.
The stock
recruitment curve as given by Ricker 2 s , is of the form:

R= aPe

I

(4.1)

Where
R
P

cruitment
awning stock size
nstants for a particular curve

=

=

a & b=

As previously mentioned, Section 11 of the FRR represents a
thorough analysis of th e derivation and application of the
ERE, which is:

IMPACT =1-In (a(1Ue))

Ina

(4.2)

Where Ue = limiting exploitation rate
a = parameter from the Ricker stock-recruitment
curve
This calculation showed an estimated longterm reduction in
the Hudson River striped bass population, with all post-1970
power plants running uInder 1974 operating conditions, of
approximately 2%.
Real-Time Model

.

To simulate accurately th e effects of hydrodynamic transport
in the Hudson River
on
the
spatial
and
temporal
distributions
of the early life stages of fish, the
following phenomena are i ncluded in the Real-Time Model:
Tidal effects
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Vertical/diurnal migration of larvae
0

variations in the vertical and
longitudinal
distributions of the early life stages

*

Transport effects of the partial
of the flows in the Hudson

0

Possible interactions of the vertical/diurnal
migration
of
larvae
and
the
vertical
stratification of the flow.

stratification

Temporal variations in flow due to tidal effects and diurnal
migrations of larvae are simulated by evaluating
the
hydrodynamic function and the distribution of oganisms at 3
hour intervals.
The dynamic nature of this portion of the
simulation is the reason the Model is called "Real-Time.",
Dividing the river into 29 segments and keeping track of the
number of organisms in each segment accounts for the effects
of tidal and freshwater flows on the distributions of
organisms along the longitudinal dimension.
To simulate the stratified nature of the flow in the Hudson,
the vertical/diurnal migration of fish larvae, and the
heterogeneous
distribution of eggs and larvae in the
vertical dimension, the Real-Time Model is divided into two
vertical layers of equal depth. The partially stratified
flow in the Hudson is simulated with individual sinusoidal
functions for the ebb and flood cycles in the upper and
lower layers.
More details regarding these sinusoidal
functions are presented in a recent report prepared by
LMS.24 F26 This report also describes the migration function
used to simulate movement of larvae between the upper and
lower layers in the Model. By directly simulating the tidal
nature of the stratified flow in the Hudson and the
vertical/diurnal migration of larvae, the Model accounts for
possible interaction of these phenomena.
The defining equation for the Real-Time Model is derived
from an approach presented by Rotenburg 27 and is similar to
equations used in physics and engineering to model transport
processes.
The equation is mathematically represented in
Section 2.2.5 of the FRR. It is applied to the egg and
larval stages, where the mass transport effects of the
river's hydrodynamics are operative, and for the juvenile
stages, during which the behavioral characteristics of the
fish determine their longitudinal distribution. During the
larval stage, a migration term is used to simulate the
vertical/diurnal migration of the larvae. After the larvae
mature into juveniles, their longitudinal distribution is
largely determined by migratory preferences. Thus, in the
simulation of the juvenile stage, the migration term is used
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to determine longitudinal distribution. In both the larval
and juvenile stages, the migration rate is calculated
directly from field data.
A variety of mass transport, biological impact, and plant
operational parameters serve as input to the Real-Time
model.
These parameters are listed in Table 4-11. The
compensation function is another imput to the Model. It is
one of the most important factors because of its significant
influence on the model impact estimation.
In the Real-Time model, a density dependent mortality rate
for the larval and juvenile life stages, is calculated using
the function presented below:

KD KE +(KE- KO) - (C-_CS)

3

Cs

(4.3)

where
KD

=

natural mortality rate/day

KE

=

natural mortality rate/day which
under
theoretical
condition
compensation

KO

=

minimum
natural
mortality
approached as C approaches zero

C

=

representative
equilibrium
level, fish/unit volume

cs

=

fish density at any point
space, fish/unit volume

applies
of
no
rate/day,

population
in

time

and

This nonlinear function can be used to reproduce a variety
of compensatory population responses ranging
from
no
compensation to very high levels of compensatory reserve
through proper selection of the parameters, KO and C .
In
sections 10.14 'and 10.6 of the FRR it is demonstrated that
there is a compensatory reserve in the Hudson River striped
bass population which can be estimated by fitting Ricker
curves to commercial fishery data.

It was necessary to get impact data at five different sets
of compensation values (KO/KE) for input to the cost-benefit
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Each compensation set corresponds to a specific "all
model.
value from each of five different stock-recruitment curves.
This ratio, which appears in equation 4.3, has been referred
to as the compensation level in previous studies. 2' The
KO/KE values and the probabilities that each may represent
As the KO/KE
the actual situation are indicated below.
value decreases, the compensation level increases.

a
2.718
3.500
5.000
7.400
10.000

KO/KE
Entrainment Period Impingement-Period
0.800
0.800
0-860
0:750
0.725

0.600
0.525
0.400
0.375
0.325

Probability(%
5
20
.50,(best est.)
20
5

The procedure to develop KO/KE from "all in the Ricker curve
requires field data collected with
power
plants
in
operation.
Since it has been demonstrated that there is a
compensatory reserve in the striped bass population, it is
reasonable to assume that the effects of a compensatory
response will be evidenced in field data collected with
plants on line.
Hence, the procedure is performed with
compensation operative in the Model.
An iterative scheme
summarizing the procedure appears in section 10.7 of the
FRR.

The differences in natural mortality rates during the
entrainment
and
impingement seasons require that the
compensatory response to these two sources of impact be
computed separately.
Consequently, the procedure found in
FRR section 10.7 is applied individually to the entrainment
and impingement periods to determine the KO/1XE levels which
are expected to be obta-ined during each of these periods.
Therefore each 'fall gives rise to two KO/KE levels, or what
was referred to earlier as a compensation set.
Calibration of the Real-Time Model
An important step in both physical and mathematical modeling
is the calibration of models with field measurements of the
variables being studied.
This procedure helps make the
model simulation more realistic and also aids in the
interpretation of the field data. The calibration of the
Real-Time Model, using striped bass field data collected
during 1974 is examined here.
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There are two important considerations in the calibration of
any model. First, calibration is an interactive,, or "trial
and-error" process. The calibration procedure begins with a
run
of the model using estimates for critical input
parameters derived from the best data available.
If there
are
no
field
or experimental measurements for some
parameters, then an assumed value is used. The model is run
with the first set of input parameters and the output is
compared with available field observations. The assumed
input parameters are "~en
adjusted to
obtain
closer
agreement of the model results with the field data. This
process is, repeated until
"acceptable"
agreement
is
generated between the model output and field measurements.
The definition of "9acceptable" agreement is the second
imnportant consideration
in
the
calibration
process.
Although perfect agreement between the model output and
field observations is not likely, models can
provide
meaningful predictions of power plant impact without perfect
calibration to field data collected during any one year.
The NRC staff has recognized this.
Since the field data provides measured estimates of the
variables being modeled, another factor which should be
considered in the definition of the acceptable level of
calibration is the statistical error associated with field
measurements. in the present study, two standard errors on
either side of the mean have been used to define the
statistical error in the field measurements.
This results
in a range of values which approximates the 95% confidence
interval about each data point. The goal of the present
calibration
procedure
is
to adjust the Model input
parameters until the model results fall
within
this
approximate 95% confidence interval,
Two types of input
parameters - the survival rates and the life stage durations
of the young-of-the-year striped bass were used to calibrate
the Model.
The field data used to calibrate the Real-Time Model are
derived from Texas instruments$ 1974 longitudinal river
survey. 2 2 The initial input for running the model uses the
egg data from each of these surveys. Temporal and spatial
distributions of the egg spawn for input to the model are
derived directly from the field data. To be consistent with
the
design
otf
the
sampling
program,
the spatial
distributions were calculated on the basis of the 12
sampling regions selected by Texas instruments. The number
of eggs in each of the sampling regions was then allocated
to the 29 segments in the model proportionally according to
the segment length.
Based on the temporal and spatial
distribution of the eggs and an estimate of the total egg
production, the model generates the temporal and spatial
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distributions and the abundance of the succeeding life
stages. To provide consistency with the sampling design and
estimates
permit direct comparison with standing crop
derived by Texas Instruments, the number of organisms in the
29 segments of the model are combined to give standing crops
in the 12 sampling regions.
During calibration of a model with a specific set of field
data the physical conditions in the Hudson River system
while the field data were collected must be simulated in the
model. Consequently, the calibration procedure is performed
with the actual plant operating conditions in effect during
19741 simulated in the model and with compensation operative.
The other parameters in effect during the calibration runs
are presented in Table 4-12 with references to the sources
for the data in parentheses after each item.
Results from the calibration procedure are shown in Table
4-13. It must be recognized that the stage length durations
and the survival rates shown are values which bring the
model output within or close to the 95% confidence interval
around the field data. In most cases, slightly different
The stage length
values would satisfy the-same criteria.
durations determined from the calibration procedure are, in
most cases, within the range of values for these parameters
(see FRR Sections 7.2, 7.3f 7.4, and 7.5).
Survival rates for the egg stage are adjusted in the
calibration procedure to produce standing crops of yolk-sac
larvae consistent with the field data. For the calibration
run, the total number of eggs input was 88 billion eggs,
which is consistent with estimates of spawning strength
presented in FRR Section 7.7. The survival rates presented
here for the egg stage are meant to include all effects such
as .egg retention,. lack of fertilization, and natural
larvae
mortality which affect the number of yolk-sac
resulting from the total eggs produced. Application of the
egg stage survival rate for 1974 results in a total standing
crop of eggs in close agreement with estimates from 1974
field data (see FRR Figure 12.1-1).
Comparisons of field measurements and model prediction of
the temporal distributions of yolk-sac and post yolk-sac
stages indicate that, with the survival rates and life stage
durations given -in Table 4-13, the model results fall
within, or very close, to the 95% confidence interval about
the field data (see FRR Figures 12.1-2 and 12.1-4I).
For the juvenile I stage (about July 1), Model predictions
of the standing crop of the juvenile Its are at least one
order of magnitude greater than the estimate of standing
As discussed in FRR
crop derived from the field data.
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TABLE

4-12

HUDSON RIVER STRIPED BASS REAL-TIME MODEL DATA REQUIREMENTS
I.

MASS TRANSPORT PARAMETERS

1.

Hydrodynamics
* freshwatei flow, (Section
2.2.2)

II.

1. Egg Production
* Total Eggs Spawned,
(Section 7.8)

2.

Dispersion,

(Section 2.2.4)

River Geometry (Section
2.2.1, Table 2.2-3)

2.

Larval Verticle Migration, (Section 8.1.5)

1.

Entrainment "f" Factors,
(Section 8.2-8.10)

2.

Impingement Numbers,
(Section 9.4-9.7)

3.

Plant Operations
* Flow Rates
• Operating Conditions

3.

Juvenile Longitudinal
Migration, (Section 8.1.6)

o Segment 77olumes
e Cross-Sectional Area

III. PLANT & IMPACT PARAMETERS

o Temporal & Spatial
Distribution

* Tidal Characteristics,
(Section 2.2.,3)
e

BIOLOGICAL PARAMETERS

*

4. Mortality Rates & Compen
sation, (Section 10.7)
5.

Life Stage Durations,
(Section 8.1.2)

6.

Life Cycle Parameters,
(Section 7.8, Table
7.8-15)
" Fecundity

* Sec Ratio
o Age at maturity
LMS
REAL TIME MODEL

* ALL SECTIONS REFER TO PORTION OF THE FRR.

TABLE 4-13

STAGE LENGTH VARIATIONS AND PERCENT SURVIVAL
FOR STRIPED BASS LIFE STAGES

1974 DATA BASE

LIFE STAGES

STAGE LENGTH
DURATIONS (DAYS)

Eggs

Variable

a

SURVIVAL (%)
0.6

Yolk Sac Larvae

12.0

37.0

Post Yolk Sac Larvae

20.0

72.0

Juvenile I

30.0

5.0

Juvenile II

145.0

53.0

Juvenile III

156.0

16.0

a

The hatching period for eggs was varied as follows:
3.0 days, April 28 to May 15
2.0 days, May 16 to May 30
1.5 days, May 31 to end of spawning period
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8.1.6, and 8.2.1, there is growing evidence
Sections 7.5,
that the early juveniles move to the shallow areas along the
shoreline.
The mobility of these relatively small organisms (15- 16 mm)
could cause considerable under-sampling of this. life stage
for the following reasons:
1.

The early juveniles may be concentrated in shoal areas
where rocks, debris and heavy vegetation make sampling
difficult.

2.

The organisms may have sufficient swimming ability to
avoid ichthyoplankton sampling gear and may be too small
to permit efficient sampling with seines.

Comparisons of the field and model estimates of the total
standing crop for the Juvenile I and II stages combined (see
FRR Figure 12.1-8) offer further evidence of the possible
under-sampling of early juveniles. During July and August,
the Model results are considerably higher than the estimate
of standing crop derived from the field data. However,
during September, when mark-recapture data are available to
refine the standing crop estimate, the Model results agree
juveniles begin
well with the field data. During October,
their seaward migration out of the sampling region. This
probably accounts for the precipitous decline in standing
crop during early October and suggests that the Model
results probably provide a more accurate estimate of the
fall standing crop than the estimates calculated directly
from field data.
The Model was calibrated spatially as well as temporally
(illustrated -in FRR Figures 12.1-10 through 12.1-13) to
ensure that it provides a realistic simulation of the
effects of hydrodynamic transport in the Hudson River.
Prediction of Impact on the Striped Bass Population
When the calibration procedure just described is completed,
the Real-Time Model can be used to obtain estimates of
reductions in the striped bass population due to power plant
During the calibration procedure, the actual
operation.
1974 plant operating conditions at Indian Point, Bowline
Point, Lovett, Roseton and Danskammer were in effect in the
model. However' Indian Point Unit No. 1 and all units at
the Lovett and Daskammer plants have been operating for a
sufficient amount of time so that their impact is reflected
in the stock-recruitment curve which was used to estimate
the remaining compensatory reserve in the striped bass
population.
Consequently, these plants are not included in
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runs used to develop estimates of possible future reductions
in the equilibrium spawning stock due to power plant
operations.
As previously stated, the -1974 data base is used in the
Real-Time Model to develop estimates of the impact on the
striped bass population due to the operation of Indian Point
Units Nos. 2 and 3, Roseton Units Nos. 1 and 2, and Bowline
The
Point Units Nos. 1 and 2, i.e. the post-1970 plants.
Model run begins with a prediction of impact during 1974 and
then
continues
through 39 years of additional plant
operation. For the predictions of impact during 1974 and
1975, the actual plant operating conditions which prevailed
during those years at the post-1970 plants were in effect in
the Model. Plant flow conditions for all years from 1976 on
were taken from projections of plant operating conditions.
Thus, the plant flows were varied from year-to-year to
reflect projected changes in the flow requirements at each
plant. All other Model input parameters were held constant
at the 1974 values in the long range projections of impact.
The sources of the parameter values used in the Model runs
are given in Table 4-12.
The baseline populations were determined by running the
model with the 1974 parameter values with no post-1970 power
plants operating. The percent reduction values shown in
Table 4-14 represent the predicted reductions with once
through cooling in the adult striped bass population with
respect to an adult population derived from the 1974 data.

4.4.3.5

RELATIVE CONTRIBUTION OF HUDSON RIVER
BASS STOCK TO ATLANTIC COASTAL FISHERY

STRIPED

Striped bass
(Morone saxatilis) is an important sport and
commercial fish in the estuaries and costal waters of
the

Atlantic
seaboard
from
Maine
to
North Carolina. 26
Recruitment to the coastal striped bass fishery is from
various stocks
(i.e., genetically distinct populations) of
striped bass, the individuals of which are spawned and
developed in the rivers and estuaries along the Atlantic
coast. Recapture locations of:tagged striped bass suggest
that individuals from all spawning areas north of Cape
Hatteras, North Carolina utilize much of the Atlantic coast
north of their respective spawning areas during a northward
migration in the spring and a southern migration in the
fall.29

,30,

31 ,32,

33, 34
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TABLE

4-14

EFFECT OF INDIAN POINT UNITS 2 AND 3, BOWLINE UNITS 1
AND 2, AND ROSETON UNITS 1 AND 2 OPERATION ON HUDSON
RIVER STRIPED BASS POPULATIONa - 1974 DATA BASE
PERCENT
EP=0.3 2 5b
IP= 0 .7 2 5 c

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

1.74
2.59
3.12
3.69
3.96
4.16
4.07
4.08
4.16
4.21
4.27
4.31
4.34
4.37
4.38
4.39
4.40
4.41
4.41
4.41
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.43
4.43
4.43
4.43
4.43
4.43
4.43
4.43
4.43
4.43

EP=0.375
IP=0.75 c

1.76
2.61
3.16
3.73
4.00
4.20
4.32
4.43
4.56
4.66
4.74
4.80
4.85
4.90
4.92
4.94
4.95
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

1REDTTCTTO

'N TT

T.

'qrPPT1:PTh

EP=0.40
IP= 0 .8 6 c

EP=0.525b
IP = 0 . 8 0 c

1.76

1.83
2.74
3.32
3.93
4.22
4.43
4.57
4.68
4.82
4.93
5.03
5.11
5.18
5.23
5.27
5.30
5.32
5.33
5.35
5.36
5.37
5.38
5.38
5.39
5.39
5.40
5.40
5.40
5.40
5..40
5.40
5.40
5.40
5.40
5.40
5.40
5.40
5.40
5.40
5.40
5.056

2.65
3.21
3.81
4.10
4.30
4.42
4.53
4.66
4.77

4.85
4.92
4.98
5.00
5.10
5.10
5.10
5.10
5.11
5.12
5.13
5.14
5.14
5.14
5.15
5.15
5.15
5.15
5.15
5.15
5 . 15
51.15
51.15
5. 15
.15

5.15
5.15

5.15
5.15
5.15

5.15
4.43
5.00
With all thermal plants on once-through cooling'
EP-Entrainment period
IP-Impingement period
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PL(Z!QZ

EP=0.60b
Ip=0.80 c

1.87
2.81
3.40
4.02
4.32
4.53
4.67
4.79
4.93
5.05
5.16
5.26
5.33
5.39
5.44
5.47
5.50
5.52
5.53
5.55
5.56
5.57
5.58
5.59
5.60
5.60
5.60
5.60
5.61
5.61
5.61
5.61
5.61
5.62
5.62
5.62
5.62
5.62
5.62

5.62
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The major spawning areas that potentially contribute to the
fisheries during the northward and southward migrations are
the tributaries of the Chesapeake Bay system, the Roanoke,
and Hudson Rivers. Although tagging data have not led to
quantitative estimates of relative contribution of the major
stocks to the coastal striped bass fishery, they have led to
conflicting ideas as to which stock predominates in the
fishery: the Hudson stock or the Chesapeake stock.
Studies on striped bass migratory behavior have generally
concluded that the Chesapeake Bay system is the major
of
north
fisheries
contributor to the striped bass
2 9 ,31,34,35,36
indicated
have
studies
These
Chesapeake Bay.
movements of striped bass between Chesapeake Bay and New
between exceptionally good
relationships
and
England
production of young-of-the-year fish in Chesapeake Bay in
1934, 1958, and 1961 and the occurrence of dominant year
classes of striped bass in northern waters more than 2 years
later.
Clark 3 7 and Goodyear 36 , however, have taken exception to the
major
the
is
stock
conclusion that the Chesapeake
contributor to the middle Atlantic striped bass fishery
Although tagging
(primarily New York and New Jersey).
studies showed that a few 2-yr-olds left the Chesapeake Bay,
studies by Merriman 29 and Schaefer 3 2 showed that 2-yr-olds
dominated collections from New York and Connecticut waters
Clark and Goodyear decided that the
in 1936 and 1963.
number of striped bass, especially 2-yr-olds, tagged in
Chesapeake Bay and recaptured outside the bay was too low to
indicate a large contribution of Chesapeake stock to that
fishery. Therefore, because of apparent inconsistencies in
the tagging studies and closer proximity of the Hudson River
to middle Atlantic and New England fisheries, they concluded
that the striped bass'stock of the Hudson River is the major
contributor to the coastal fishery from New Jersey to
Massachusetts. This analysis was severly critized by the
Atomic Safety and Licensing Appeal Board (In the Matter of
Consolidated Edison Co. of N.Y., In c., ALAB-188, 7AEC 323,
325 (1974)).
Estimates of the impact of generating facilities of the
Hudson River on this fishery require quantitative estimates
of relative contribution of the major stocks. Due to the
Regulatory
Nuclear
lack of such estimates, the U.S.
Commission in its impact statement, 2 assumed 90% Hudson
contribution to the waters of the Hudson River, the western
half of Long Island Sound, and the New York Bight ("inner
zone") and 10 and 50% to the remaining waters extending from
However, the
Maine to Cape May, New Jersey ("outer zone").
predominated.
stock
to
which
controversy still existed as
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Therefore, reliable estimates of the relative proportion of
the major stocks in the fishery are needed to provide a
basis for making meaningful estimates of plant impact on the
Atlantic
fishery
of striped bass.
Texas Instruments
conducted a study to obtain such estimates using innate
tags, i.e.,
inherited traits or environmentally produced
characteristics specific to the river of origin. A previous
study 3 ' demonstrated the feasibility of using innate tags to
distinguish between Hudson and Chesapeake spawning stocks
with approximately 80% accuracy.
In order to estimate stock composition in oceanic waters, it
was first necessary to identify the origin of each striped
bass collected in the ocean. Meristic counts (e.g., fin ray
counts) and morphometric measurements (e.g., snout length),,
act as "innate tags" and were therefore used as potential
indicators of the origin of each fish. Since it was assumed
that mature striped bass migrate from the ocean to their
natal
stream to spawn, representative samples of the
spawning stocks of the Hudson River, Chesapeake Bay system,
and Roanoke River were collected and meristic counts and
morphometric measurements were taken on each specimen.
A
statistical
procedure called discriminant analysis was
applied to these data to
determine
functions
which
classified each fish as to area of origin (i.e., Hudson
River, Chesapeake Bay system, or Roanoke River).
These
discriminant
functions were initially used to provide
estimates of
classification
percentages
of
relative
contribution. 4 0 These estimates so described are referred to
as the "as-classified" estimates.
The ability of the discriminant functions to separate
spawning stocks and accurately estimate stock proportions
has been further assessed.
Specimens from the spawning
stock collections were classified by the functions and the
percentage of fish correctly classified was obtained, (i.e.,
the river in which they were caught was considered to be
their natal river).
This
indicated
the
proportion
misclassified.
Since misclassification of specimens can
bias estimated stock proportions, especially when one stock
predominates in the sample, estimated stock proportions were
revised by two procedures to reduce bias.
The first method employed to minimize bias is called the
adjusted estimate.- The adjusted estimate was derived by
first applying the discriminant functions to samples of
known origin (spawning stock) to obtain percentages of
misclassification.
Those percentages were applied to the
as-classified estimates to obtain the adjusted estimates.
(for a more detailed examination of the technique used to
produce the adjusted estimate, see FRR section 7.10).
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The second procedure for reducing bias is called the
iterative
estimate.
In
the iterative procedure the
discriminant functions were reapplied several times to
refine the as-classified estimates. First, the functions
were applied to a spawning stock sample (known origin) to
determine the proportion of the sample which fell into each
of the three origin groups. The first calculation' assumed
equal probabilities for the three groups. The results of
the first calculation were then used as input probability
values in a second application of the discriminant functions
to the same sample to produce a new estimate of the
proportions falling into each group. Those new proportions
were then used as input probability values for a third
calculation, or iteration. The iteration can be carried out
through any number of stages.
In developing the method used for the three population case,
such iterations were performed on samples of known spawning
stock to determine the number of iterations which would
produce an estimate which deviated least from the actual
proportions in the population.
As a result of these
studies, it was determined that the use of the results of
the third iteration would give the smallest deviation from
actual stock proportions. In using the iterative method on
actual ocean samples this number of steps was used.
A simulation study was conducted to determine which of three
estimates was most accurate (i.e., least biased). Results
of the simulation study on the bias of the as-classified,
adjusted, and iterative estimates of relative contribution
indicated that the iterative procedure provided the best
estimate of the relative contribution of Hudson River stock
(see FRR Table 7.10-3). on the average, the third iteration
(i.e., stage) resulted in estimates of relative proportion
of Hudson River stock closest to the true proportion. For
15 of the 18 proportions of Hudson spawning stock specimens
considered,
the
iterative
estimates of Hudson stock
proportions were closer to the true proportions than the as
classified estimates. For 14 of 18 proportions of Hudson
spawning-stock specimens considered, the iterative estimates
were closer to the true proportions than the adjusted
estimates.
The variation about the mean bias of the
iterative estimate was also less than the variation of the
adjusted estimate for the majority of the proportions of
Hudson spawning stock specimens considered. Therefore, the
simulation study indicated that the iterative estimate is a
better estimate of relative contribution of Hudson River
stock than the as-classified and
adjusted
estimates,
although the difference between the iterative and adjusted
estimated was slight. The relative contribution calculated
from the iterative estimate was used as input to the cost
benef it model.
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The Atlantic coastal fishery from Cape Hatteras, North
Carolina to Maine was sampled. observations for the same
characters used in the discriminant. functions were taken and
the resulting data entered into these functions.
The
oceanic specimens were then classified by these functions as
to area or origin, and estimates of relative contribution of
the Hudson, Chesapeake, and Roanoke stocks to the Atlantic
coastal fishery were obtained.
Iterative
and
adjusted
estimates
of
the
relative
contribution of the Hudson, Chesapeake, and Roanoke stocks
to the Atlantic coastal striped bass fishery were calculated
for those geographical and temporal strata with collections
of more than five individuals.
These estimates of the
composition in strata from southern Maine to Cape Hatteras
(Fig. 4-11), North Carolina, during the six two-month
periods indicated that the Chesapeake stock predominated in
34 of the 35 strata (see FRR Table 7.10-4i).
The highest
iterative estimate of contribution of the Hudson stock
occured in western Long Island Sound and the New York Biqht,
with values exceeding 25% during some months. However,
iterative estimates of 0.0% Hudson contribution were common
in strata south of northern New Jersey and north of southern
Massachusetts.
Although the iterative estimates of relative contribution of
the Hudson stock in the region from Massachusetts to Maine
was zero, this did not necessarily indicate an absence of
Hudson River striped bass from that area. The simulation
study has shown
that
iterative
estimates
of
zero
contribution may be obtained in situations in which the true
contribution is not exactly zero but is quite low; in fact,
data on adult striped bass tagged in the Hudson River during
spawning season and recaptured in waters as far north as
Boston Harbor, Massachusetts have suggested a northern
migration of a portion of the Hudson stock.40 Thus, while
the Hudson contributes some fish to this area, the relative
contribution of the Hudson stock must be low.
To assess the contribution of the stocks to the sport and
commercial fishery along the Atlantic coast for all of 1975,
estimates of relative contribution within geographical and
temporal strata were averaged and then compared to estimates
of the stock composition within the 1975 commercial landings
weighted by the *proportion of poundage landed in each
stratum.
Mean iterative estimates of 6.5% Hudson stock,
90.8% Chesapeake stock and 2.7% Roanoke stock were obtained
by averaging the estimates over geographical strata within
periods and then averaging the mean estimates over the six
periods.
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Figure 4-11

Collection Regions for the Atlantic Coastal Fishery Showing
Geographical Stratification and Substratification; Collection
Sites for Spawning-Stock Specimens Indicated by Dots on
Source Rivers.
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stock composition for the 1975 commercial landings was
estimated by weighting the estimated stock proportions from
each spatial and temporal stratum by the corresponding
portion of the periodic commercial poundage landed within
the stratum and by the proportion of the yearly poundage
Commercial poundage data were
landed within the period.
obtained by month, state, county,, gear, and water from the
(NMFS, Statistics and
National Marine Fisheries Service
D.C. and Easton,
Washington,
Division,
News
Market
(see FRR Table
estimates
mean
iterative
Maryland). Weighted
7.10-5) of 3.6% Hudson stock, 93.7% Chesapeake stock, and
2.7% Roanoke stock indicated little difference from the
of
The weighted estimates
unweighted mean estimates.
contribution were based primarily on New York and New Jersey
landings, which comprised 57% of the annual commercial
poundage landed in coastal waters from southern Maine to
North Carolina, including the Hudson River, Delaware Bay,
Chesapeake Bay, Albermarle Sound, Pamlico Sound, and coastal
waters of North Carolina south of Cape Hatteras.
Although the mean iterative estimate of the Hudson stock
contribution to the Atlantic Coastal fishery in 1975 was
approximately 7%, its contribution to western Long island
Sound and the New York Bight was greater than 7% during most
periods, indicating a higher yearly Hudson contribution
within the strata adjacent to the Hudson River (i.e., inner
zone) and a lower contribution elsewhere (i.e., outer zone).
The yearly contribution of the Hudson, Chesapeake, and
Roanoke stocks near the vicinity of the Hudson River and
elsewhere was estimated and compared to the estimates used
by the USNRC staff. 3 4 Striped bass collected in selected
strata, were pooled to form a stratum for western Long
Island Sound, the New York Bight, and northern New Jersey
comparable to the NRC staff's "inner zone". Similarly,
other strata were pooled to form the remaining stratum from
Maine to New Jersey comparable to the NRC staff's "outer
zone". Mean estimates of relative contribution for the year
have been calculated for the inner and outer zones by
averaging the estimates obtained for the five periods from
March through December. The mean iterative estimates of
relative contribution of the Hudson River stock to the inner
and outer zones are 16.0% and 2.8% respectively for the year
(see FRR Table 7.10-6).
The iterative estimate of 16%
Hudson contribution for the inner zone is substantially
lower than the 90% contribution used by the NRC staff.
Likewise, the iterative estimate of Hudson contribution for
the outer zone of 2.8% is less than the 10 and 50%
contribution used by the NRC staff. Although the Chesapeake
stock was the predominant contributor to both the inner and
outer zones, the Hudson stock's contribution exceeded that
of the Roanoke stock in the inner zone but was less than
that of the Roanoke stock in the outer zone.
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For purposes of developing monetized impacts for inclusion
7%
Hudson
in the cost-benefit analysis, the overall
contribution to the Atlantic coastal fishery, as described
above, has been used. Table 4-15 shows a comparison of the
three computations of contributions.

4.4.4

EFFECTS ON FISH OTHER THAN STRIPED BASS

In addition to striped bass, several other fish species in
the Hudson River estuary may be affected by power plant
operations through entrainment and impingement. This group
includes estuarine and anadromous species (see FRR section
5.2).
The following species are considered: white perch
(Morone americana),
Atlantic tomcod
(Microgadus tomcod),
American shad (Alosa sapidissima), Blueback herring
(Alosa
aestivalis),
and
the
shortnose
sturgeon
(Acipenser
brevirostrum).
The available data sets for each species are somewhat
different, so the level of treatment varies from species to
species; however, the overall objective is to determine
whether any substantial impact due to operation of power
plants is likely to accrue to these populations. Impact is
investigated by examining what is known about the population
dynamics of these species and the levels of plant-induced
mortality to which they are subjected.
Estimating plant impact
from the equilibrium
equation
(ERE)
for
these species followed
procedures described in the FRR for striped bass

exception:

reduction
the same
with one

the values for "a" in these less studied species

were not determined empirically but were chosen from among
the curves presented by Ricker2 l based on what is known
about related species. Conservative (i.e.,
lower) values
for "a" were chosen to avoid overestimating the capacity of
the fish stocks to absorb impact without serious decline.
Thus, the "a" value for tomcod used is 4.482, when gadoids
(cod family) are known to be strongly regulated by density
dependent factors, 41, 4,43 and the "a" value for white perch
is used 3.490, which is less than the estimated compensatory
capacity of the congeneric species, striped bass
(FRR
Section 10.6).
For the clupeids such as shad, which
generally
are
less
regulated
by
density-dependent
processes 4" the "a" value used is set at a very low 1.948.
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TABLE 4-15

ESTIMATES OF PERCENTAGES OF CONTRIBUTION
FROM THREE SPAWNING RIVER SYSTEMS TO THE
ATLANTIC STRIPED BASS FISHERY BY THE AS
CLASSIFIED, ADJUSTED, AND ITERATIVE
METHODS.

COASTAL
FISHERY

NRC INNER
ZONE

NRC OUTER
ZONE

HUDSON:
As-Classified
Iterative
Adjusted

23
6
7

32
16
15

19
3
0

CHESAPEAKE:
As-Classified
Iterative
Adjusted

66
91
90

63
83
84

68
94
94

ROANOKE:
As-Classified
Iterative
Adjusted

11
3
3

5
1
1

13
3
4
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4.4.4.1

WHITE PERCH

The White perch (Morone americana), a close relative of the
anadromous striped bass (Morone saxatilis), is an abundant
life-long resident of the Hudson River estuary.
Adult
populations of several million individuals exist throughout
the year, spawning billions of eggs in the spring.
Peak
standing crop estimates per river run during 1974 were 1.2 x
108 eggs, 8.5 x 107 yolk-sac larvae, and 3.8 x 108 post
yolk-sac larvae; during 1975, 4.8 x 108 eggs, 1.9 x 108yolk
sac larvae, and 1.4 x 109post yolk-sac larvae.
The high
peak in post yolk-sac larvae standing crop reflects the
longer duration of this life stage compared with eggs and
yolk-sac larvae. Since these are only weekly standing crop
estimates, not estimates of the number passing through a
life stage during a season, they give a more or less
instantaneous look at the number of animals existing in a
given life stage at a particular time.
A Petersen estimate of the 1975 population of juveniles
present in August and September was 111 x 106, with a 95%
confidence interval of 72 x 106 to 180 x 106. Based on the
yearly variations in relative abundance measured by beach
seine catch per unit effort, equivalent population sizes
would have been 27 x 106 in 1974 and 154 x 106 in 1973.
Entrainment mortality rates estimated for the 1974 and 1975
year classes of white perch generally indicated little
susceptibility of white perch eggs and larvae to entrainment
at Hudson River power plants. Conditional mortality due to
entrainment was 3.55% of the 1974 year class at Indian Point
Unit No. 2, 5.51% for the multiplant case. The 1975 rates
were 3.01% of that year class at Indian Point Unit No. 2,
and
6.32% for the multiplant case,
Using a natural
mortality of 0.999 and an "a" value of 3.49,
these
entrainment mortality rates reduce equilibrium stock size in
the long term as follows:
Year Class
1974
1975

Indian Point
Unit No. 2
0.4%
0.4%

Multiplant
0.7%
0.8%

Impingement impact for the 1974 year class was estimated
assuming that 90% of the July 1974-June 1975 impingement
consisted of the 1974 year class. Exploitation of this year
class was calculated to be 5.1% at Indian Point Unit No. 2
and 6.8% for the multiplant case.
Equivalent levels of
reduction in equilibrium stock size based on a = 3.49 were
4.2%, due to Indian Point Unit No. 2 and 5.6% for multiplant
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case.

The expected long term reduction in equilibrium stock
size due to the combined operation of entrainment and
impingement at the level observed on the 1974 year class was
higher than for any other species studied but nevertheless,
not very high: estimates were 4.6% for the Indian Point Unit
No. 2 and 6.3% for multiplant case.'
The white perch has been an abundant member of the fish
community at least since the early years of this century and
has always been of some commercial value; now, however, it
is primarily a panfish serving the interests of some of the
sport fishermen in the Hudson.
Some commercial fishermen
have even made an attempt in recent years to avoid white
perch, since it is of little commercial value and is
considered a nuisance in the operation of commercial gill
nets.
For the reasons of minimal plant
impact
and
commercial importance, it is believed that quantification in
monetary terms, of plant impact on white perch in the cost
benefit analysis is not warranted.

4.14.4.2

ATLANTIC TOMCOD

The Atlantic tomcod
(Microcradus tomcod)
is
an abundant
estuarine species that utilizes the Hudson River as a
spawning and nursery area. The winter spawning population
consists
of several million individuals which produce
approximately 10 billion eggs.
The 1974 standing crop
estimates of juveniles ranged from 1.2 x 109 in early May to
2.47
X 106 in December.
Almost the entire spawning
population (99%) comprises fish in their first year of life
(see Fig. 14.4-1 of the FRR).
Such an age composition is
indicative of a very high mortality rate in the second year
of life, which is not surprising considering that the
estimated annual mortality rate for the first year of life
is 99.98% (see Fig. 14.4-2 of the FRR).
Seasonal growth patterns for the 1974 and 1975 year classes
(Fig. 14.4-3 of the FRR) indicated a completely different
picture from that seen for white perch and striped bass.
Atlantic tomcod grow most rapidly during the colder months
and considerably slower during summer.
The maximum age
observed in Hudson River Atlantic tomcod is 2 years.
Because poor weather and water conditions preclude sampling
during the Atlantic tomcod spawning season, there are no
adequate estimates of egg or larval densities with which to
estimate entrainment impact for 1974.
However, it is
unlikely that the egg stage, which lasts 30 to 40 days,
would be susceptible to entrainment since the eggs are
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adhesive and demersal. Yolk-sac and post-yolk sac larvae
may be subjected somewhat to entrainment as they move toward
lower river areas such as Tappan Zee (RM 24; km 38), but a
quantitive assessment of Atlantic tomcod entrainment is not
possible for 1974.
In 1975, Atlantic tomcod entrainment was estimated for the
period of March 9-May 17. Conditional mortality rates due
to entrainment in this time interval were estimated to be
0.0079 for Indian Point Unit No. 2 and 0.0403 for the
the equilibrium reduction
Applying
case.
multiplant
equation to these estimates with a natural mortality rate of
0.990, yielded a long-term reduction in stock size of 0.59%
for the multiplant case.
At the beginning of the juvenile stage in early May,
to
susceptible
increasingly
become
tomcod
Atlantic
Since concurrent estimates of impingement and
impingement.
population size are available, it is possible to estimate
the effects of impingement on the tomcod population. The
estimated population size on 1 May 1974 was 4.7 x 108 from
(Fig. 19.4-2).
Annual Atlantic tomcod impingement estimates
for the multiplant case and Indian Point Unit No. 2 were
1.996 x 106 and 1.939 x 106 respectively.
Thus, the
exploitation rate for Indian Point Unit No. 2 was 0.42%, and
the rate for the multiplant case was 0.43%. Applying the
equilibrium
reduction
equation
to
these
rates
of
exploitation yielded negligible long term reduction in
equilibrium stock size, i.e., 0.28% for Indian Point Unit
No. 2 and 0.29% for the multiplant case.
Data compilation for estimating the 1975 impingement impact
on Atlantic tomcod has not been completed; therefore, the
combined impact of entrainment and impingement on the 1975
year class cannot be estimated. However, by using the 1975
entrainment impact (0.6%), the combined reduction in stock
size as a result of entrainment and impingement should be on
the order of 1%.
The history of the Atlantic tomcod stock in the Hudson River
is not well-known since there are few records on this
fishery. Both the sport and commercial fisheries are winter
fisheries conducted when ice floe is generally heavy. The
fish taken are usually small (almost always less than 12
in).
New York landings of Hudson River Atlantic tomcod
during 1975 totaled only 275 lbs., valued at a total $28.
Due to the extremely small plant impact on these fish,
combined with their negligible commercial utilization, plant
impact on Atlantic tomcod has not been included in the
monetized portion of the cost-benefit analysis.
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4e4.4.3

AMERICAN SHAD

The american shad (Alosa sapidissima) is an anadromous fish
that utilizes the Hudson as a spawning and nursery area.
(April-June) in
Spawning occurs over an extended period
areas upriver from most power plants. Standing crops of
eggs peak in late May. Residence time in the estuary is
relatively brief, with most young shad leaving the river
during November or December of their first year of life.
Peak standing crop estimates in 1974 were 8.5 x 107 eggs,

6.5 x 106 yolk-sac larvae,

and

8.3

x

107

post

yolk-sac

these are only weekly standing crop
Again,
larvae.
estimates, not estimates of the number passing through a
life stage throughout a season; thus, they give a more or
less instantaneous look at the number of animals existing in
a given life stage at a particular time.
beach seine catch data
During 1965-75 (excluding 1971),
American
shad year classes in
indicated exceptionally large
1973, 1974, and 1975. At least since the early years of
this century, American shad spawner abundance in the Hudson
River has shown rather large fluctuations; both Talbot"4 and
Burdick'5 have attributed much of this variation to the
amount of escapement allowed by fishery regulations, i.e.,
the amount of time in which fishermen may not set their nets
(net lift periods).
How this relates to the strong year
classes in recent years is not clear since the net lift
periods have not changed and, from 1973 through 1975,
fishing effort actually increased.
Based on beach seine catches, annual mortality of American
shad juveniles was estimated to be 00835 (see Fig..14.5-1 of
the FRR). These same data were used to estimate minimum
initial population size for assessing impingement impact:
these estimates, which represented only the portion of the
population in the shore zone, were 4.7 X 10' in 1973 and 1.8
X
106
in 1974.
These minimal estimates tend to cause an
overestimate of exploitation due to impingement but, as will
be seen later, this is of little
consequence
since
impingement
of
shad
produces very low estimates of
exploitation, even using these underestimates of population
size.
American shad are simply not very vulnerable to the
existing power plants in the Hudson River.
Conditional entrainment. mortality rates estimated for the
1974 year class of American shad using the methods described
in Section 14.2 of the FRR were 1.17% for Indian Point Unit
No. 2 and 1.60% for multiplant.
Applying the equilibrium
reduction equation using a natural mortality rate of 0.990
and a conservative a value of 1.948 yielded long term

4-65

reduction levels of equilibrium stock size of 0.4% for
Indian Point Unit No. 2 and 0.5% for multiplant.
Exploitation rates due to impingement impact were calculated
from impingement sampling data at the five major power plant
complexes on the river for the 1973 and 1974 year classes of
American shad and found to be respectively 0.002% and 0.29%
for Indian Point Unit No. 2 and 0.015% and 0.58% for the
multiplant case. Long term reductions in equilibrium stock
size based on 1974 impingement were 0.4% at Indian Point
By summing the
Unit No. 2 and 0.9% for multiplant.
caused by entrainment and impingement, the
reductions
combined long term impact on equilibrium stock size of
entrainment and impingement based on 1974 data was estimated
to be 0.8% for Indian Point Unit No. 2 and 1.4% for the
multiplant situation.
Such inconsequential reduction in the American shad stock
size due to power plant operation should be expected since
American shad are not very vulnerable to the power plants in
the Hudson
River
(a
detailed
discussion
of
shad
vulnerability appears in Section 6.3 of the FRR).
Due to
the negligible plant impact on American shad, plant impact
on American shad is not included in the monetized portion of
the cost-benefit analysis.

4. 4.4.4

BLUEBACK HERRING

The life history of blueback herring is similar to that of
American shad: adults return from the sea to spawn during
May in the upper estuary above the power plants;
the young
tend to remain in that region through early August when
downstream movement begins and, after mid-July are found
primarily
in
the
shore zone where there is little
vulnerability to power plants; migration to the ocean is
evident by late October or early November.
The
population
dynamics
of
blueback herring (Alosa
aestivalis) have not been studied in detail for the Hudson
River population. However, the blueback herring is known to
be an extremely abundant species in the Hudson River. Since
separation of blueback herring from the congeneric alewife
(Alosa pseudoharengus) is extremely difficult during early
life stages, 4 6 actual estimates of mortality for these
species during the first complete year of life are not
possible at this time.
Entrainment of blueback herring is not likely to cause any
substantial impact on blueback herring population because of
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the upriver location of most eggs, larvae, and early
Impingement occurs primarily in the fall during
juveniles.
the juveniles' seaward migration. Although relatively large
numbers may be impinged, it is not expected to have a
substantial impact on the blueback herring population.
Therefore impact on blueback herring has not been included
in the monetized portion of the cost-benefit analysis.

4.4.4.5

SHORTNOSE STURGEON

The shortnose sturgeon (Acipenser brevirostru)
has been
classified as endangered by the Endangered Species Act of
1973, 16 U.S.C. Section 1531 et seg. but it is an uncommon
resident of the Hudson River estuary, and knowledge of its
population dynamics is relatively limited.
Currently, the
Boyce Thompson Institute is studying the Atlantic sturgeon
and shortnose sturgeon; however, at the time of this
writing,
data
on the vital statistics of these two
populations are not available.
Without estimates of population size, mortality, etc.,
numerical estimates of power plant impact on the shortnose
sturgeon cannot be made. Further hampering quantification
of entrainment impact on shortnose sturgeon is the inability
to distinguish the eggs and larvae of the two sturgeon
species.
While impingement impact cannot be estimated
directly
because of a lack of information on population size, some
idea of the magnitude of the impingement is available from
counts of shortnose sturgeon impinged.
Total counts are available for 1972, 1973, 1974, and 1975 at
Indian Point
(at all other plants, counts are not made
daily) and were as follows:
Year
1972
1973

No. Impinged
4
2

1974

4

1975

1

These low numbers reflect either the low abundance of
shortnose sturgeon in the river or a low vulnerability to
impingement. Although there is no adequate data base on
which to construct any quantitative estimates of power plant
impact, such impacts would not be expected to be severe
because of the demersal character of the species.
Power
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plant impact is, in any case, limited to the possible
entrainment or impingement of some small but unknown number
In its effect on the fish
of young shortnose sturgeon.
population this power plant mortality is much the smae as
predation caused by natural enemies or mortality caused by
Fish populations
10.)
commercial fishing (see FRR, Sec.
have been adapted to withstanding this type of mortality by
Power plant operations do
eons of evolutionary experience.
not endanger or degrade the habitat upon which the shortnose
sturgeon depends for survival. Furthermore, the shortnose
is
but
sturgeon is not unique to the Hudson River
distributed along the Atlantic Coast from the St. John River
New Brunswick to the St. Johns River in Florida
in
(Figure 5.3-9 FRR).
Consequently, shortnose sturgeon are excluded
monetized portion of the cost-benefit model.

4.41.5

from

the

MITIGATION MEASURES

over a period of several years, many procedures and devices
have been proposed as possible mitigation measures to offset
losses in the Hudson River striped bass (and other fish)
operation.
from
power
plant
population (s) resulting
Although many such proposed measures have been tested and
analyzed for potential application, only a few appear
feasible.
These methods either involve direct replacement
of lost stock (through a hatchery program)
or
some
modification(s) to the intake system resulting in effective
diversion of fish.
Striped Bass Hatchery
During 1973-75, Con Edison investigated the feasibility of
the artificial propagation and stocking of striped bass to
offset power plant induced mortalities.
This hatchery
program demonstrated that culture of Hudson River striped
bass is feasible on a scale sufficient to support a
mitigative stocking program. An average female brood fish
may be expected to yield approximately 1,400,000 eggs. With
artificial propagation, approximately 1941,000 fingerlings of
stockable size survive, resulting in an overall mortality
from egg to fingerling of 86%. on the other hand, total
mortality estimates for wild Hudson River striped bass
indicate that 88 billion eggs deposited annually will yield
5,000,000 fingerlings by
1
September
and
4r300,000
fingerlings by 1 October, or total mortality from eggs to
fingerlings through 1 September and 1 October of 99.9943%
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and 99.9951% respectively.

If a female striped bass spawned

naturally in the river and deposited 1,4100,000 eggs, only 80
fingerlings would be expected to survive to 1 September and
69 fingerlings to 1 October composed to the 1914,000 which
would survive in the hatchery, as referred to above. Thus,
each naturally spawning female would produce only about
0.40% as many fingerlings as would a female used in hatchery
propagation (see FRR section 13.1).
Artificial propagation of Hudson River striped bass greatly
increases survival through the early months of life when
highest natural mortality occurs. The production of large
numbers of fingerlings for a mitigative stocking program
would not require that a large number of wild adult striped
bass be removed from the spawning population. Five healthy
female brood fish should supply approximately 1,000,000
stockable fingerlings.
Based on the average weight of
hatchery brood fish, the removal level for hatchery use
would be less than 1% of the average annual landings of
adult striped bass in the Hudson River commercial fishery
(1965-75).
The success of stocking hatchery-reared striped bass in the
Hudson River was evaluated by comparing the survival of
hatchery fish to that of wild striped bass of the same year
class following the 1973, 1974, and 1975 stocking efforts.
Survival analyses were based on data obtained from an
extensive
mark
recapture
program.
Relative survival
estimates for hatchery-reared and
wild
striped
bass
recaptured within three months following release in 1973-75
indicated that the short-term
survival of hatchery fish
after being stocked in the river was comparable to that of
wild fish. Similarly, winter-spring 1975 recaptures of fish
released in fall 1974 indicated comparable survival of
hatchery
and
wild striped bass after 8-9 months of
concurrent residence in the river (see Table 13.1-5 of the
FRR).
In comparing movements of hatchery-reared and wild striped
bass based on fish released and recaptured during fall 1975,
wild fish were found to disperse less than hatchery fish
after
release
(see FRR 13.1-5): most wild fish were
recaptured in the area of initial release, whereas hatchery
fish were more frequently recaptured outside their release
areas.
Relative survival estimates require that equal
effort be applied to capturing wild and hatchery fish;
random dispersion of both groups facilitates the application
of equal capture effort. Because dispersion is more likely
to be random after a longer time has elapsed, estimates
utilizing later recaptures would not so greatly reflect
differences in capture effort due to variation in dispersal
rates for the two groups. if wild fish do disperse more
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slowly,
the relative survival applying to the early months
following stocking would be underestimated; i.e., *under such
circumstances, hatchery fish probably would have survived
even better than indicated.
Dispersal and subsequent longer-range movements also are of
interest as indicators of the adaptability of hatchery
reared fish in a natural environment. As an anadromous
species, the striped bass undergoes a cycle of movement from
fresh water or brackish water as a juvenile to salt water,
as an adult, returning again to spawn in fresh water.
Hatchery-reared fish must complete this-cycle if they are to
replace the segment of the natural population lost to
entrainment or impingement at power plant intakes.
Within a few months following the 1975 stocking, hatchery
reared striped bass dispersed widely from the areas of
release, from the George Washington Bridge (RN 12; km 19) to
Albany
(RM 1111; km 227).
Wild fish of the same year class
also were found over this range. Within seven months, some
of the stocked hatchery fish left the river proper and
entered the more saline bays, rivers, and inlets of the
lower Hudson River estuary,, as did wild fish, but no data
comparing rates of emigration of wild and hatchery fish are
available. Recaptures of hatchery-rearpd striped bass-up to
22 months following stocking further indicated their long
term adaptation and survival in the natural environment. On
the basis of the available information, Con Edison believes
that the hatchery-stocking program can supplement the wild
striped bass population to the extent necessary to offset
any losses incurred by power plant operation.- If it were
determined that some mitigating measure(s) were required to
counter the effects of plant impact, Con. Edison would
therefore be abl'e to undertake appropriate steps to. offset
those losses.
More detailed information on all aspects of
the hatchery program may be found in Section 13.1 of the
FRR.
Fish Diversion Devices
In 1974, an experimental program was designed to evaluate
the effectiveness of various fish diversion devices and
determine their efficiency and applicability with respect to
fish protection at Indian Point and other Hudson River
sites.
Stone and Webster Engineering Corporation
was
contracted by Con Edison to conduct the biological testing
associated with the study program in an experimental flume
constructed
by
the
Alden
Research Laboratories.
A
preliminary review, including an evaluation of prototype
design considerations, gave angled screens and louvers top
ranking for potential application at
Indian
Point.' 7
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Consequently, the testing of these devices received primary
attention in the flume study programs.
In the flume, a rectangular channel 80 ft (241 m) long and 7
ft
(2 m) deep, the potential for various fish diversion
systems to successfully guide and
bypass
fish
were
evaluated. in general, a specific fish diversion system and
bypass are installed in theflume and a controlled uniform
flow of water is maintained through the system.
Test fish
are introduced into the flume flow and are monitored with
respect to their behavior and movement upon approaching the
diversion system. Fish that are successfully guided by the
system are bypassed to a collection area and removed for
survivability studies.
Testing to determine the diversion efficiency of angled
screens and louvers begin in May 1975 and concluded in
January 1976.
Fish species examined included white perch,
Atlantic tomcod, and hatchery-reared and native Hudson River
striped bass. Since the efficiency of each device depended
on its ability to guide fish along the structure, similar
test parameters were
used
for
both
devices.
The
environmental
test
parameters
included test species,
lighting condition (light or dark),
water temperature,
salinity,
and
conductivity.
Hydraulic considerations
included approach and bypass velocities, test device angle,
(screen only),, and the presence or absence of an air bubble
curtain upstream of the device.
In evaluating the test results, both angled screens and
louvers were found to be effective in diverting fish to a
bypass system. The criterion for successful diversion was
called total efficiency (TE),
a combination of diversion
efficiency of the device and mortality attributable to the
diversion system. The TE of the angled screens and louvers
was evaluated
in
conjunction
with
the
interacting
environmental and hydraulic variables indicated above. The
test results have already been reported in detail.48
Based on the data obtained from the study program, both
devices were found to exhibit high rates of efficiency in
diverting and bypassing fish (98% for angled screens and 85%
f or louvers); however, TE varied for the different fish
species tested. Test species diverted in a declining level
of efficiency were Atlantic tomcod, hatchery-reared
striped
bass, native Hudson River striped bass, and white perch.
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Fine Mesh Traveling Screen,
Another potential mitigation measure is use of the a mesh
The
traveling screen at the entrance to the plant intakes.
function of the specially equipped and continuously rotating
traveling screen is to minimize the length of time that fish
may be impinged on plant intake screens. Special troughs on
each screen panel gently capture impinged fish as they fall
Water
from the screen when it emerges from the water.
they
while
injury
from
fish
protects
retained in the troughs
A
river.
the
to
return
for
channel
a
to
are being lifted
trough
screen
the
from
them
removes
soft spray-wash system
with minimal force. Similar systems have been used at the
Surrey Nuclear Station and impingement survival has been
reported to be higher than 90 percent.
The purpose of the fine mesh screen (2mm mesh) is to impinge
(fish eggs, larvae, and macro
some of the organisms
invertebrates, including Neomysis) that would pass through
the presently used 3/8 inch mesh screens. If the tests at
Indian Point show that Hudson River aquatic life can be
effectively screened and returned to the river unharmed,
entrainment and impingement impacts may be substantially
reduced by installing such traveling screen systems.
Plant Oprtn

Procedures

patterns are yet another means of
operational
Plant
mitigating fish losses. Striped bass losses have and will
continue to be mitigated through prudent operation of the
Indian Point Unit No. 2 hydraulic intake system and the
thermal, and chemical discharge systems. On 1 January 1974,
Con Edison submitted a report to the U. S. Atomic Energy
Commission describing operating procedures and the design of
facility systems to reduce plant impact to, a practicable
minimum in the interim period prior to any decision to
install a closed-cycle cooling system (Con Edison 1974).
The mitigation measures described in the report complement
Monitoring
Operation,
for
conditions
the
"Limiting
surveillance Programs"
and
Environmental
Requirements
Technical
Environmental
B
of
contained in Appendix
to
the Facility operating
Requirements
Specification
License.
Con Edison will continue to operate Indian Point Unit No. 2
in accordance with the requirements of the Environmental
of
Technical Specification Requirements and the "Plan
Action."
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CHAPTER 5
ENVIRONMENTAL

IMPACT OF NATURAL DRAFT COOLING TOWER SYSTEM

In the previous Chapter of this report, Chapter 4, the
impacts of operation of Indian Point Unit No. 2 with its
existing river cooling system, for the remainder of plant
life,
were developed.
this Chapter describes the potential
environmental impacts of plant operation with a natural
draft cooling tower system including effects upon land use,
air quality, water quality and aquatic biota.

5.1

LAND USE

5.1.1

NOISE IMPACT

Cooling tower environmental noise impact was assessed by
estimating the incremental community noise increase expected
with cooling tower construction and operation. Existing
community noise
levels
were
determined
from
field
measurements.'1
The average day-night A-weighted sound level
(Ldn) was
selected as the parameter to evaluate changes in residential
zone community noise caused by cooling tower construction
and operation.
An A-weighted sound level represents, in a
manner equivalent to the ear's response, the sound level of
a noise containing a wide range of frequencies by reducing,
or "weighting," the noise levels at low and high frequencies
with respect to medium frequencies.
Ldn is the energy
equivalent A-weighted sound level which considers the time
of day when the noise occurs, its temporal pattern and
frequency
spectrum.
The
United States Environmental
Protection Agency (USEPA Report No. 550/9-74-004, March,
1974) has suggested the use of Ldn for evaluating community
noise impact.

5. 1.1.*1

NOI SE ASSESSMENT METHODOLOGY

Major elements of
include:
(1)

the

cooling

tower

noise

sampling ambient community noise,

impact

study

(2)

developing ambient community average day-night A
weighted sound level (Ldn) contours,

(3)

estimating cooling tower
operation and construction,

(4I)

developing community Ldn noise contours
for
ambient noise that include cooling tower noise
emissions,

(5)

computing change in residential community area
exposed to average day-night A-weighted sound
levels above Ldn = 55 dB,

(6)

transferring the computed change in residential
community area exposed to sound levels greater
than Ldn = 55dB onto a polar coordinate system so
that noise impact could be expressed in monetary
terms.

5.1.1.2

noise

emissions

for

AMBIENT COMMUNITY NOISE

A-weighted sound level measurements were made at thirteen
locations in communities surrounding the proposed coolinq
tower site (Reference 1, Appendix G).
Measurement locations
were chosen to provide representative samples of daily
community ambient noise in quiet residential and noisier
commercial/industrial areas. As many as seven samples per
day (the measurement period) per location were made. The
duration of each community noise sample was 10-15 minutes.
Figure 5-1
shows ambient community Ldn noise contours,
derived from these sound level measurements, which are used
as the base case against which noise emissions resulting
from construction and operation of the Indian Point Unit No.
2 cooling towers are compared.

5.1.1.3

COOLING TOWER OPERATIONAL NOISE EMISSIONS

Natural draft cooling tower noise emission
prediction
methods
were
developed from measurements made around
operating towers (Reference 1, Appendix H).2 Figure 5-2
shows estimated A-weighted sound emission contours for a
counter-flow type natural draft cooling tower at Unit No. 2.
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'i

A-WEIGHTED SOUND EMISSION CONTOURS
.

ABOUT CENTER OF COUNTERFLOW TOWER
ADJUSTED FOR ATMOSPHERIC ABSORPTION
AND THE INFLUENCE OF HILLSIDE AND
Q POWER PLANT BARRIER EFFECTS.
1

-- - _

Estimates of sound attenuation due to acoustic shielding by
local topography and existing plant structures, and excess
atmospheric sound absorption have been included in the noise
emission estimates for the natural draft cooling towers
(Reference 1, Appendix G).
Because cooling tower noise is continuous, A-weighted noise
contours shown in Figur~e 5-2 can be converted to Ldn noise
contours by adding 6 dB to A-weighted values (Reference 1).
Figure 5-3 shows estimated natural draft cooling tower Ldn
noise emission contours at Indian Point No. 2.

5. 1.*1.*4

COOLING TOWER CONSTRUCTION NOISE EMISSIONS

Cooling tower construction activity noise emissions were
using published construction equipment noise
estimated
emission data for the type and number of vehicles and
on-site for site preparation and tower
used
devices
Analysis showed
construction (1Aeference 1, Appendix G).
however,
significant;
is
not
noise
that on-site construction
is
off-site
occuring
traffic
vehicle
construction
off-site
tower
cooling
draft
Natural
significant.
construction vehicle activity is estimated to be at its
maximum for about one year. Figure 5-4 shows estimated Ldn
noise contours for off-site construction vehicle activity.

5.1.1.5

COMMUNITY NOISE WITH COOLING TOWER OPERATING

Community noise contours were developed to show estimated
community noise with the added noise emissions estimated to
be caused by Unit No. 2 cooling tower operation and
construction (Reference 1, Appendix G).
Natural draft cooling tower operational noise emission
contours shown on Figure 5-3 were addid to the ambient
community Ldn noise contours shown on Figure 5-1. Figure 5
5 shows Ldn community noise contours combining the operation
of a natural draft cooling tower with the ambient community
noise.
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5.1.1.6

COMMUNITY AREA EXPOSED TO
GREATER THAN 55 dBA

NOISE

LEVELS

OF

Ldn

Estimates of the amount of residentially zoned land area
surrounding the plant exposed to different average day-night
sound levels, with and without a natural draft cooling
tower, were made. Summarized on Table 5-1 are residential
land areas exposed to average ambient day-night sound levels
greater than Ldn = 55 dB and the increase estimated to be
caused
by
Unit
No.
2 cooling tower operation and
construction.

5.1.1.7

EXPECTED COMMUNITY REACTION TO NOISE

Table 5-1 shows that.17 additional residentially zoned acres
are estimated would be exposed to cooling tower operational
sound levels greater than Ldn = 55 dB, and only 1 1/2
additional residentially zoned acres are estimated to be
exposed to levels greater than Ldn = 60 dB. Vehicle traffic
on Bleakley Avenue and Route 9 due to the excavation stage
of construction of the Unit No. 2 cooling tower would result
in the exposure of an additional 89 acres of residential
land to sound levels exceeding Ldn = 60 for about one year.
The areas predicted to experience operational noise impact
(increased community reaction), which would be expected to
be caused by change in community noise, was delineated on
the polar coordinate system (Chapter 3) centered at the
cooling tower. The increase in community noise above Ldn =
55 dB expressed in the polar coordinate system was derived
from
differences
between
Figures
5-1
and
5-5.
Quantification of cooling tower operational noise impact in
monetary terms is discussed in section 7.2.

5. 1.*2

AESTHETIC IMPACTS

ON

THE

INDIAN

POINT

HUDSON

RIVER VALLEY REGION

5. 1.2. 1

SUMMARY

AND APPLICATION TO COST-BENEFIT ANALYSIS

It is predicted that construction and operation of a natural
draft hyperbolic cooling tower at Indian Point Unit No.
2
would have significant visual/aesthetic impacts in the
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TABLE 5- 1
ENVIRONMENTAL NOISE IMPACT OF COOLING TOWERS
RESIDENTIAL ZONES STUDIED

(452 ACRES)

Area Exposed to
Average Day-Night
Sound Level, Acres
Ldn
45
45

45-50
45-50

o) Present
Natural Draft (Average
Crossflow and Counter
flow Types)
Construction
Traffic

* Estimated range Ldn

=

50-55

55-60

153

279

50-55

55-60

21.5

91.5

143

193.5

22

91

105

144

60-65 dB

Increase in Area
Exposed to Average Day-Night
Sound Level, Acres
>60"
>60*

2.5

>55

N*

>rn*

1.5

89

Indian Point Hudson River Valley region.
are the following:

Major among

these

* The hyperbolic cooling tower structure's great bulk and
towering height would have a negative visual/aesthetic
impact on areas surrounding Indian Point and would be
out of scale with other structures and features of the
area.
* Because of their additional height, cooling tower plume
configurations would be visible from areas outside the
structure. itself.
tower
viewshed of the cooling
Presence of a dense billowing cooling tower plume would
create a setting that is quite out of character with the
Indian Point region of the Hudson River Valley and
Highlands.
* A cooling tower rising well above the highest nearby
hills would adversely affect the company's planning goal
for Indian Point. of blending the generating facility
with its surroundings. Removing 1,000 feet of forested
shoreline to construct the hyperbolic tower, would
to
station's
visibility
generating
increase the
surrounding areas.
The visual/aesthetic effects of a natural draft cooling
tower system retro-fitted at Indian Point Unit No. 2 is one
of the major inputs to the cost-benefit analysis Performed
in this report. A methodology for quantifying this impact
in monetary terms for comparison with other impacts is not
Therefore, in performing the
available at this time.
summary cost-benefit in Chapter 8 of this report, the
visual/aesthetic effects described in this Section are
included in a qualitative manner.

5.1.2.2

VISUAL/AESTHETICS IMPACTS OF THE UNIT NO. 2
COOLING TOWER ON THE HUDSON
RIVER VALLEY AND
HIGHLANDS NEAR INDIAN POINT

The Unit No. 2 tower's size and plume configurations are
predicted to result in
visual/aesthetic impacts on areas
surrounding Indian Point.
The shell of the cooling tower would be the tallest
structure along the Hudson River between Albany and New York
City.
It would be as tall as a 45 story skyscraper -- 200
feet taller than the Indian Point Unit No.
1 stack.
A
football playing field could be located atop the cooling
tower.
Accordingly, this structure would be the most
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visually prominent feature in the Indian Point region of the
Hudson River Valley.
While huge in size, the cooling tower's shape and hyperbolic
profile is clean and simple. But, when the tower emits a
dense or billowing plume, its appearance would be altered.
Also, because of their additional height, plumes would be
visible from areas where the tower structure itself could
not be seen.
It would be necessary to considerably alter existing site
topography and to eliminate about 1,000 feet of forested
shoreline in order to construct the Unit No. 2 cooling
tower. Adverse visual effects resulting from shoreline
modifications due to cooling tower construction would be
most pronounced in areas immediately west of Indian Point,
that is from the river and Palisades Interstate Park.

5.*1.*2. 3

QUANTIFYING REGIONAL VISUAL/AESTHETIC IMPACTS

In order to determine how visible the natural draft cooling
tower structure would be from surrounding regions, Con
Edison has made a sight line/population analysis of areas
within a 10 mile radius of Indian Point. Results are
graphically indicated on Figure 5-6 titled, "'Viewshed Map".
To construct the Viewshed Map, a closely spaced series of
radial, vertical sections emanating from the cooling tower
Each section includes the terrain profile
were drawn.
within ten miles of the cooling tower and a reference
Sightlines
elevation (top of the Unit No. 2 cooling tower).
were drawn on each vertical section from the reference
ridges of land forms that would block
to
elevation
of
beyond.
Lines
tower
visibility of the cooling
intersecting sightlines and ridges were then plotted on a
base map. If the sightlines from the top of the cooling
tower are thought of as light rays, the surfaces of land and
water forms illuminated would be the viewshed area (light
Areas from which the tower cannot be
areas on Figure 5-6).
seen would be in "shadow" (shaded areas on Figure 5-6).
Estimated resident viewer populations, within a 10 mile
radius of Indian Point, were added to the light areas of the
Viewshed Map. Population estimates were based on population
projections for 1980, reported in the Final Safety Analysis
Report
for Indian Point Unit No. 3.3 The "Specified
Population projected for the Year 1980" is in Table 5, page
2.14. P-15 of Supplement 7 of the 1P3 FSAR.
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The results of the sightline/population study indicate the
Unit No. 2 cooling tower structure would be visible to 27%
of the estimated 1980 population living within a 10 mile
radius of Indian Point -- or to 22,000 of a total of 81,700
residents.
Determination of Unit No. 2 cooling tower's
visual impact on transient populations traveling through the
Indian Point region -- via automobile, rail, boat or air was
not included in the analysis.
Modifications for
seasonal deciduous foliage variations were not made.
Also,
the visual impact of'the tower's plume was not considered.
To further study regional visual/aesthetic cooling tower
effects Architects within the Site Planning Group at Con
Edison have made a preliminary photographic study of how two
natural draft cooling tower structures would visually impact
on surrounding areas.
Five photographs were taken from
different vantage points within the viewshed, and natural
draft
hyperbolic
tower
structures
(without
plume
configurations)
then simulated
on
them.
The
tower
arrangement used in this photographic study is slightly
different than the final arrangement, however, the results
would be basically the same. The observations made from the
photographs are listed in Table 5-2 and summarized below.
Table 5-2 indicates that many visual variables affect how a
large cooling tower structure would be perceived from
surrounding areas.
Depending on the vantage point, and
recognizing the subjective quality of
visual/aesthetic
judgments, perception of a large cooling tower structure
would vary depending on how, when and where it is viewed on atmospheric conditions -on distances from viewing
points to the tower -- and on the season of the year.

5. 1.*2.4

VISUAL/AESTHETIC
IMPACTS OF A NATURAL
DRAFT
COOLING TOWER ON SURROUNDING PROPERTY VALUES

There is
an interrelationship between the various negative
effects of the Unit 2 hyperbolic natural draft cooling tower
and surrounding real estate values.
Con Edison retained
three
real
estate
appraisal
firms to examine this
interrelationship
(see Table 5-3).
Two of the
three
consultants consider there would be some reduction in real
estate property values due to salt drift.
The third, Wilson
and Mason, finds probably a considerable reduction in real
estate values would result due to Unit No. 2 cooling tower's
salt drift, plume configurations, noise levels and aesthetic
impacts.
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TABLE 5-2
STUDY OF REGIONAL VISUAL IMPACT FACTORS OF NATURAL DRAFT
COOLING TOWER

LOCATION OF VANTAGE POINT
South of Haverstraw looking
north across the Hudson River,
Montrose Point and Verplanck

APPROXIMATE DISTANCE
FROM GENERATING STATION
6 miles

OBSERVATION
Tower loses definition because
of distance and blends with
background mountains. Base of
tower hidden by high ground at
Verplanck.

North of Tomkins Cove looking
across the Hudson River

1.5 miles

Details clearly visible.
Tower
structure silhouetted against
sky. Huge tower size dwarfs its
surroundings.
Modification to
natural shoreline clearly visible.

New York State Military Reservation
looking across the Hudson River

2.5 miles

View of generating station-par
tially blocked by Dunderberg
Mountain, but tower structure
totally visible. Much of
structure is silhouetted against
the sky. Tower size is dwarfed by
the bulk of Dunderberg Mt. and
by contrast does not appear as
prominent on the landscape as it
might otherwise.

2 miles

Tower is clearly visible with most
of its height silhouetted against
the sky. Size of tower is accent
uated, since its vertically is
contrasted with strong horizontal
in the landscape.

North of Peekskill looking south
westward across Peekskill Bay

TABLE 5-2

LOCATION OF VANTAGE POINT
Southeast of Generating
Station looking over
Buchanan

(CON'T)

APPROXIMATE DISTANCE
FROM GENERATING STATION
1.25 miles

OBSERVATION
Bottom of tower is hidden
by intervening land forms.
However, the tower structure
looms large and out of scale
over the tree tops and
against the sky.

0

TABLE 5-3
COOLING TOWER IMPACTS ON SURROUNDING REAL ESTATE VALUES
APPRAISAL FIRM
Wilson & Mason, Inc.
Real Estate Conomists
Kingston, N.Y. by
Walter Donnaruma

REPORT DATE
October 1, 1975

MUNICIPALITIES STUDIED

CONCLUSION REACHED

Village of Buchanan
Town of Cortland
City of Peekskill

There would be a significant
adverse effect on residental
real estate values in the
immediate area of Indian Point
due to the presence of the
Unit No. 2 cooling tower.
Cumulative monetary damage
is estimated in excess of
$20 million. Predicted damage
is due to: plume and salt drifts,
noise and visual/aesthetic
impacts generated by the Unit 2
cooling tower.

Flynn Appraisal Service, November 5, 1975
Inc.
Washingtonville, N.Y.

Village of Buchanan
Town of Cortland
Hamlet of Verplanck
(Montrose & Buchanan
considered to be little
affected by the Unit
No. 2 cooling tower.)

There would be a loss in
residential real estate values
due to salt drift of
Unit No. 2 cooling tower.
This is estimated at $300,000.

The Albert Appraisal
Service, Inc.
Croton-on-Hudson, N.Y.

Village of Buchanan
Town of Cortland
Hamlet of Verplanck

There would be a loss in
residential real estate values
in Buchanan and Verplanck, due
to salt drift. No
specific cost is assigned this.

December 24, 1975

5.2

AIR QUALITY

Air quality impacts resulting from operation of a closed
cycle natural draft cooling tower system were evaluated
(Reference 1,
Volume
1).
The
evaluation
included
quantification of environmental effects caused by discharges
to the atmosphere of saline water droplets and water vapor.
The cooling tower air quality study program was separated
into distinct phases as shown on Figure 5-7.
one phase
consisted of ambient data acquisition including meteorology,
salt concentration and deposition rates and a botanical
survey. Concurrently with this phase, mathematical models
were developed to predict the environmental dispersion of
cooling tower airborne effluents. At the completion of the
data acquisition phase, data were incorporated into the
mathematical models to predict drift deposition, fogging and
icing potential and length of the visible plume created by
the cooling tower effluent. Results from the saline drift
deposition study were in turn used to evaluate the botanical
effects of drift.

5.2. 1

ONSITE METEOROLOGICAL

PROGRAM

The
unique
valley
induced
micrometeorological
characteristics of the Indian Point site dictated the need
for an extensive meteorological measurement program to
describe the vertical structure of the atmosphere in which
the cooling tower plume would be dispersed. An objective of
this program was to determine the height at which prevailing
winds predominate over valley induced winds.
A 400 foot
meteorolgical tower was erected approximately 2650 feet
south of the Indian Point nuclear generating units with its
base at an elevation of 117 feet above MSL. Figures 5-8 and
5-9 illustrate the location of the meteorological tower with
respect
to
the
Indian
Point
nuclear
facilities.
Meteorological instrumentation on the tower enabled
a
climatological record to be developed at the inlet and exit
elevations of the cooling tower.
Measurement programs
consisting of tetroon, rocket and balloon soundings, were
conducted at the site to further identify the vertical
profiles of wind, temperature and humidity. Precipitation,
visibility and solar radiation were also measured.
specific instrumentation on or near the 400 foot tower,
schematically
shown on Figure 5-10, consisted of the
following:
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COOLING TOWER AIR QUALITY STUDY PROGRAM
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FIGURE 5-10
METEOROLOGICAL TOWER SCHEMATIC
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(a) Wind sensor: 33, 125, 280 and 400 foot AGL (above

grade

level).
(b) Ambient dry bulb temperature: 33 feet AGL.
(c)

Dew point temperature: 33, 200 and 400 feet AGL.

(d) Temperature difference: 400-33
AGL.

feet

AGL;

200-33

feet

(e) Visibility: 33 feet AGL.
(f) Net radiometer: 33 feet AGL.
(g) Precipitation: Ground level.
Parameters were recorded on continuous analog charts and
reduced to mean hourly values.
All instrumentation met
sensitivity criteria established in the NRC Regulatory Guide
1.23, and calibration procedures were consistent with NRC
requirements.
This comprehensive field data acquisition program documented
the characteristic meteorological parameters prevailing near
the ground and at the exit elevation of the proposed natural
draft cooling tower (approximately 600 feet above MSL), thus
permitting appropriate plume rise and diffusion calculation
input parameters to be used in the modeling studies.
The
program also established ambient levels of moisture and
visibility. Data collected on the tower indicate 'a valley
wind speed and direction regime, under light geostrophic
winds, extending from river level to approximately five
hundred
feet
above
river
level.
Macroscale
wind
characteristics dominate above the valley flow.
Onsite fog conditions were determined from simultaneous
visibility measurements
(made with a forward light scatter
meter) and relative humidity measurements (calculated from
ambient air temperature and dew point temperature) .
The
measurements taken at Indian Point resulted in less than 2
percent of the hours annually documented being classified as
fog. Previous reports (Reference 1, Volume 1 and 2) provide
details of the meteorological program and the analysis of
the acquired data..
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5.2.2

52.2VISIBLE PLUME IMPACT

operation of closed-cycle evaporative
cooling
systems
produce continuous discharges of water vapor and saline
droplets to the atmosphere. As a result of these effluents,
a visible plume can develop..
To determine the magnitude and extent of the visible plume a
theoretical analysis, using numerical modeling techniques
was
performed.
Inputs
of
pertinent
meteorological
parameters at ground level and at the discharge height of
the cooling tower were determined from the meteorological
measurement program previously described.
At high wind speeds, coincident with high ambient relative
humidity and low temperatures, a plume will appear as a
white coherent elongated cloud and extend downwind several
miles. For calm wind conditions plumes will rise vertically
and condense into a cumulus type cloud above the cooling
tower. During periods of large saturation deficit and
moderate winds a plume generally dissipates within several
tower heights creating a short wispy fragmented plume
appearance.
While the visual/aesthetic characteristics of the cooling
tower plume (plume
length,
duration,
stability
and
direction) are a significant factor in assessing tower
impact it was not possible to include these characteristics
in a quantitative manner in the cost-benefit analysis.
These visual/aesthetic characteristics are included in a
qualitative sense as described in Section 5.1.2.

5.2.3

INDUCED FOG AND ICING

Excess moisture in the emitted cooling tower plume, whether
as entrained droplets or vapor, can coalesce or condense,
and, consequently, come into contact with the ground as fog,
or, Iunder freezing temperature conditions can cause icing.
Reduced
visibility
and/or icing would make highways,
bridges, and railroads hazardous to travel, and navigation
on the. Hudson River would -be hampered, because of the
resulting reduced visibility.
Refer to Figure 5-11 for
identifications of highways, bridges and railroads in the
vicinity of Indian Point.
The probability of fogging or icing depends on the area
encompassed by the plume, the atmospheric dilution factor,
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rates of excess moisture and enthalpy emissions, the ambient
temperature and relative humidity-near the ground.
Calculations of induced fog which could be formed by the
operation of a natural draft cooling tower were made for a
full year period (October 1973 .- September 1974).
These
calculations indicate that had the hyperbolic cooling tower
been operating there would have been only one incident of.
fogging during this period. This fogging frequency is small
compared to the natural fog occurrence of less than 2
percent annually. Though fog occurrence is minimal its
impact has been included quantitatively in the cost-benefit
analysis.
Icing could occur when the moist plume impacts the ground at
air temperatures below freezing..
Subfreezing conditions
which may potentially produce icing from cooling tower
operations generally occur during the November through April
period. No icing would be expected to occur as a result of
operation of the natural draft cooling tower and therefore
this evaluation of its impact is included in the cost
benef it analysis at zero.

5.2.4

DRIFT AND SALT DEPOSITION

Drift is entrained water, in the. form of small droplets,,
which exit from the top of a wet cooling tower. When
brackish water is used as make-up for evaporative cooling
towers, salt and other dissolved solids in the discharged
drift may produce adverse effects on vegetation, structures,
electrical insulators and associated equipment. calculation
of drift deposition from the natural draft cooling tower was
based on two cycles of concentration and a drift rate of
0.002 percent of the circulating water flow rate.

5.2.4.1

SALT DEPOSITION

-

NATURAL DRAFT~ COOLING TOWER

A mathematical diffusion model was developed to describe the
history of representative drift droplets from the cooling
tower exit to points of impaction on the ground. Physical
processes such as accretion, evaporation, settling and
turbulent dispersion have been incorporated in the model.
Aerodynamic and topographic effects were also considered.
The model utilized field data obtained in a cooperative
program with the Tennessee Valley Authority from the natural
draft tower at the Paradise Plant, in Kentucky.
A complete
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description of the drift model is included in Appendix B of
Reference 1.
River freshwater flow, one of the most significant factors
in calculating drift deposition rate, is equal to or less
than 7,300 cfs at Indian Point during 90 percent of the
years of record.
This river flow rate corresponds to a
salinity of 3,500 ppm. Thus, during a drought 3,500 ppm
represents a highly probable and realistic one-month average
make-up water salinity for study of botanical injury as
presented later in the text.
Figure 5-12 presents an
estimate of drift deposition rate based on a river salinity
of 3,500 ppm for the month of October. October is one of
the drier months of the year in which river flow is often
low.
Climatological data for the New York area indicate that the
lowest period during which there was no measurable rainfall
occurred in September 1897, when there were 27 consecutive
days without rain. The probability of zero rainfall for a
continuous 14-day period in the Indian Point area is
approximately 0.42.

5.2.5

AMBIENT SALT MONITORING

To quantify the natural salt background in the environs of
Indian Point, field sampling devices were used to measure
the deposition and air concentration of ambient
salt
particles.
High volume air samplers were used to collect
airborne particulates for subsequent sodium and chloride
analysis.
Deposition measurements were made with standard
dustfall buckets. The field sampling network, consisting of
five sampling sites for ambient salt in the vicinity of
Indian Point is shown in Figure 5-11.
During the eleven
month sampling period, ambient salt concentrations
(as
sodium chloride) range from 0 to 6.15 ug/m 3 and averaged
approximately 1.0 ug/m 3 .
monthly salt deposition during this period ranged from
to 36.6 ug/CM 2 -mo, with a mean value of 16.0 ug/cm 2 -mo.

5.2.6

3.8

EFFECTS OF COOLING TOWER DRIFT ON VEGETATION

Studies were conducted to estimate the impact of saline
drift from the natural draft cooling tower on neighboring
flora. These studies indicate that most plants in the
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SALT DEPOSITION RATE - OCTOBER 1973
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FIGURE 5-12

Indian Point area would not be injured, with the exception
of hemlock, flowering dogwood, and white ash. Only hemlock
appears to have a potential for sustaining significant
injury.
Botanical Resources Survey of the Indian Point Vicinity
A survey of the principal cultivated and naturally occurring
plants in the Indian Point vicinity was conducted during the
summer of 1972 (Appendix D, Volume 2 of Reference 1).
The
report
describes
the Indian Point vicinity as being
characterized primarily by species of eastern deciduous
hardwood.
The regional vegetation is quite thick; canopies
are dense. The understory vegetation is moderately dense.
Both
shade
tolerant and intolerant species are well
established in their respective niches.
The vegetational
cover of the area has attained the codominant-climax stand
maturity characteristic of eastern hardwood forest.
The
dominant4 and codominant tree species found were Canadian
hemlock (Tsuga canadensis), red oak (Quercus rubra),
white
oak (Quercus alba),
chestnut oak (Quercus prinus), and
shagbark hickory (Carya ovata).
Associations of oak-hemlock
and hickory-flowering dogwood are common.
The understory
relationships include second canopies of Canadian hemlock
(Tsu a canadensis) and a ground canopy of witch hazel
(Hamamelis virginiana).
Botanical Toxicity of Cooling Tower Drift
Laboratory experiments to determine botanical toxicity of
salt deposits on vegetation typically found in the Indian
Point area are described in Appendix E, Volume 3 of
Reference 1.
These experiments were
conducted
under
controlled
meteorological
conditions in a greenhouse.
Plants were exposed to controlled concentrations of saline
aerosol similar to that expected in cooling tower drift.
Aerosols were generated in liquid droplet form, but would
deposit on plants as either saline drops or crystals,
depending on the relative humidity of each particular
experiment.
After exposure, the plants were periodically
inspected for foliar lesions, occurrence of foliar lesions
being considered symptomatic of plant injury.
The
indigenous plants on which these saline toxicity
experiments were conducted include red maple (Acer rubrum ,
witch hazel
(Hamamelis virginiana), chestnut oak (Quercus
prinus), black locust (Robinia pseudoacacia),
white ash
(Fraxinus americana),
flowering dogwood (Cornus florida),
eastern white pine (Pinus strobus),
and Canadian hemlock
(Tsuga canadensis).
Ornamental trees, including mimosa
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(Albizzia julibrissin rosea), golden rain tree (Koelreuteria
paniculata),
and
forsythia
(Forsythia
intermedia
spectabilis) were also exposed. The two most susceptible
deciduous species among those tested were found to be the
flowering
dogwood (Cornus florida) and the white ash
(Fraxinus americana), and the most susceptible coniferous
species was Canadian hemlock (Tsuga canadensis).
At the lowest exposure rate tested (0.01 ug Cl-/cm 2 -min for
4 to 6 hour exposures),
injury was reported on three
species, hemlock, flowering dogwood, and white ash. This
exposure rate is equivalent to net saline deposits of 4.0
ug/cm 2
to 5.9 ug/cm2 expressed as NaCl.
The lowest
exposures were conducted at the relative humidity level
which had been found to maximize the injury from saline
aerosol.
All hemlocks exhibited total loss of mature
foliage,
but dogwood and white ash exhibited a wide
variation of tissue injury, primarily to immature foliage.
The ED505 exposure for dogwood and ash, calculated from data
in Appendix E of Reference 1, was found to be 12 ug NaCl/cm 2
and 17 ug NaCl/cm 2 , respectively. Although a threshold dose
was not absolutely determined, it can be assumed to be
approximately equivalent to the level of the lowest dose
experiment, considering the conservative definition for
"injury" in these experiments.
Estimates of botanical injury from the natural draft cooling
tower were calculated assuming drought conditions.
Injury
is more likely during a drought condition because the
salinity of make-up water in the coolingtower will be high,
and during rainless periods, salt already deposited on
foliage is not washed off leaf surfaces.
Predicted Botanical Iniury in the Indian Point Environs
Laboratory
determined toxicity data in Appendix E of
Reference 1 has been interpreted, in Table 5-4, to present
potential botanical injury for several levels of saline
deposit. Isopleths from Figure 5-12 were then selected
based on this table to define the approximate areas of
potential injury in the Indian Point surroundings in the
improbable event of a period of 30 consecutive rainless days
during the growing season.
To estimate injury with a
reasonably high degree of probability, a 14-day rainless
period was assumed and the isopleths in Figure 5-12 were
adjusted by a factor of 0.5.
Predictions of injury to foliage have not taken into account
the 160 Kg/Km 2 -mo natural saline deposition which has been
measured at Indian Point.
An undetermined but probably
significant portion of the natural saline deposit
is
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TABLE 5-4
POTENTIAL BOTANICAL INJURY AS A
FUNCTION OF TOTAL SALINE
DEPOSIT ON A HORIZONSTAL SURFACE AT FOLIAGE HEIGHT

NaCi Deposit

(Kg/Km-2 )

Potential Injury

0 to 40

No injury.

40 to 100

All hemlocks injured; between
5-20% of dogwood and white
ash experience slight leaf
spotting and some loss of
fall color.

100 to 600

All hemlocks, dogwood and
white ash injured.

>600

All hemlocks, white ash and
dogwood injured; between
20-80% of silk trees, for
sythia, chestnut oak, black
locust, white pine, red pine,
red maple injured.
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probably associated with rainfall, and is therefore not
toxic to plants. Because the proportion of natural saline
deposit which is dry has not been quantified, the estimates
of botanical injury have been based only on net saline
effects from cooling tower drift.
Botanical Injury Predicted for Natural Draft Cooling Towers
Saline drift from a natural draft cooling tower is predicted
to have a potential for causing botanical injury. Although
no injury is expected to occur to most indigenous and
cultivated plants, drift from natural draft cooling towers
is expected to cause potential injury to three tree species:
hemlock (Tsuga canadensis), white ash (Fraxinus americana)
and
flowering
dogwood (Cornus florida).
Figure 5-13
presents the approximate areas where potential injury is
predicted in the event of extreme but improbable 30-day
drought, and Figure-5-14 presents the areas for a more
probable summertime or autumn two-week drought.
The area of potential injury to white ash and flowering
dogwood in the extreme drought condition is predicted to
extend over approximately a 3 Km 2 area located approximately
2 Km south through southeast of the plant. Potential injury
to hemlock is predicted in this extreme condition to also
extend approximately 4 Km south and 5 Km north of the
cooling tower.
Although most of the impact areas are
predicted to be on the east side of the Hudson River,
especially within the towns of Verplanck, Montrose and
Buchanan, some injury to hemlock may also occur on the west
bank, near Jones Point.
In the more probable event of a
two-week summer drought, potential injury to the susceptible
deciduous species would be confined to an approximately 1
Km 2 area located approximately 2 Km south of the cooling
tower. The area of potential injury to hemlock would extend
as well over an approximately 3.5 Km2 area within the towns
of Verplanck, Montrose and Buchanan. A small fraction of
the susceptible white ash and dogwood tree population within
this area may also be potentially injured.
Conclusions
Drift from a natural draft wet cooling tower is not likely
to injure most indigenous and cultivated plants found in the
Indian Point area. A potential for some degree of botanical
injury does exist, however, for three susceptible tree
species: hemlock, white ash and flowering dogwood.
The only species which appears to have a high potential for
significant injury is hemlock.
Not only is its foliage
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FIGURE 5-13
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AREA OF POTENTIAL BOTANICALINJURY' FROM
A NATURALDRAFT COOLINGTOWERIN THE
IMPROBABLE EVENT OF 30 CONSECUTIVE
RAINLESS DAYS,
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FIGURE 5-14
ALL HEMLOCKS POTENTIALLYINJURE,

5-20 %OFDOGWOOD
ANDWHITE
ASH
POTENTIALLY
SLIGHTLY
INJURED.

ALL HEMLOCKS
POT'ENTIALLY
INJURED;

ALLDOGWOOD
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POTENTIALLY
SLIGHTLY INJURED.
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AREA OF POTENTIAL BOTANICALINJURY FROM
A NATURAL DRAFT COOLING TOWERIN THE
EVENT OF 14 CONSECUTIVERAINLESS DAYS.

highly susceptible, bvt the most susceptinle foliage is the
mature
growth.
Because
foliage
maturation
occurs
simultaneously with increasing river salinity levels, the
potential for hemlock injury during the late summer and
autumn may be especially great.
The potential for injury to hemlock may include crown
defoliation within groves, or complete defoliation of free
standing trees within the area where high saline deposition
rates are predicted. Potential injury to flowering dogwood
and white ash will probably be limited to a varying degree
of leaf spotting and marginal necrosis, resulting in some
loss of late summer and autumn coloration. This injury is
expected to be less severe than injury to hemlocks but can
be aesthetically displeasing.
Potential injury to hemlock or flowering
dogwood
is
especially important because of the extrinsic value of these
species.
Fine specimens of hemlock representing a pristine
aesthetic value are found in the Indian Point area, and the
pristine condition of these trees will become more valuable
as residential development increases within the surrounding
areas.
Furthermore, flowering dogwood has been designated
by New York law as a protected plant.
Environmental
Conservation Law Section 9-1503; 6NYCRR Section 193.3 The
law prohibits certain types Of intentional damage
to
protected plants, including damage by the application of
herbicides or defoliants. Since salt is not considered a
herbicide or defoliant, the law is not strictly applicable
to cooling tower operation, but is indicative of the social
importance of the species.
In
order to assess the saline effects on the vegetation in
estimating replacement costs, described in detail in Section
7.4, the number of injured trees within the affected area
was determined.
Using the results of the aforementioned
models for saline deposition, injury to vegetation was
assumed to be represented by the 100 Kg/Km2 isoplethed area
illustrated in Figure 5-14.
In this
area all hemlock,
flowering dogwood and white ash would experience injury.
Since the potential for saline injury can occur during any
of the summer through autumn months, the area enclosed by
the 100 Kg/Km2 isopleth for October, approximately 0.5 Km 2
was taken as representative of any drought condition during
this period. This area could be located anywhere within the
two mile radius of the facility depending on wind direction.
A botanical inventory of hemlock,
white ash was conducted within a two
Indian Point facility. The data from
the aforementioned vegetation for both
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flowering dogwood and
mile radius of the
the survey documented
developed and wooded

areas. Based on this data a composite vegetation inventory,
was compiled for a 0.5 Km 2 area. This composite assumed
one-half the area to be developed land and-one-half the area
to be undeveloped wooded land.
Incorporating the above methodology and data, an equivalent
vegetation injury area was quantified. This data formulated
the input to the mathematical cost-benefit model. Due to
the difficulty of determining replacement values for species
in undeveloped wooded areas, only ornamental data were
included as input to the model. The best estimate of the
number of trees potentially injured would be 113 hemlock, 35
flowering dogwood and 10 white ash expected every second and
fifth year considering the drought
probability
0.42.
Concurrent
with
the
injured
vegetation
data,
the
data
for
the
dr ought
climnatological
precipitation
probability of a 14-day rainless period were used in the
cost-benefit model over the operating lifetime of the
natural draft cooling tower.

5.2.7

IMPACT OF COOLING TOWER DRIFT ON EXPOSED SURFACES

Saline drift from cooling tower operation may potentially
cause detrimental effects on onsite electrical equipment and
structures by increasing corrosion activity on the exposed
surfaces.
Metal, concrete, wood, painted and
asphalt
surfaces in the vicinity of the cooling tower may all
present a potential for saline drift damage.
For purposes
of this report drift effects on exposed surfaces were not
quantified in developing the net benefit of the proposed
license amendment.

5.2.8

PLUME INTERACTION

The fossil fired superheater for Indian Point Unit No. 1
emits sulfur dioxide (0.3 percent sulfur fuel) through its
390 foot MSL stack. If the cooling tower plume were to
interact with the sulfur dioxide plume, a slightly acidic
sulfate mist might be produced.
The potential for this
interaction was evaluated by calculating the effective plume
heights from the stack and the natural draft cooling tower.
The results of the calculation led to the conclusion that
the potential for plume interaction was not significant and
this effect was not monetized in the cost-benefit analysis.
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5.2.9

52.9CLIMATIC IMPACT

Additions of water vapor could potentially increase the
local cloud cover thus reducing incoming solar radiation
(sunlight) and the outgoing terrestrial radiation, thereby
upsetting the local thermal balance.
In the Indian Point environs, conditions favorable for
extensive plumes are generally overcast conditions
or
nocturnal inversions. Therefore, microclimatic effects due
to the operation of wet cooling towers are expected to be
minimal and this effect was not monetized in the cost
benef it analysis.

5.2.10

IMPACT OF FOSSIL FUEL CONSUMPTION FOR REPLACEMENT
ENERGY

As mentioned previously, installation of a cooling tower for
Indian Point Unit No. 2 would necessitate substitute power
generation
(1) during the downtime required to tie the
cooling tower into the existing cooling system and
(2) on
account of derating of the net electrical output because of
thermodynamic penalty due to higher turbine backpressures
And additional plant auxiliary power required for operation
of a closed-cycle cooling system.
The downtime to tie-in the cooling tower is estimated at
seven months.
However, since two months are required
annually for usual maintenance and refueling, only a five
month downtime has been used for this evaluation. An
estimated 2.5 million megawatt-hours of nuclear generation
from Unit No. .2 would then be lost as a consequence of this
five-month chargeable downtime.
Based on an
economic
dispatch model of the Con Edison system, this generation
would be made up mainly by fossil fuel-fired units using
fuel. oil.
175,000,000 additional gallons would be consumed
during the downtime and an additional 305,000,000 gallons
over 30 years would be cQnsumed on account of the derating.
Energy conservation and fossil fuel conservation are major
national
policy objectives.
Therefore the alternative
resulting in this increase in fuel consumption and energy
consumption,
should
only be undertaken with a clear
offsetting benefit to society. Although, too speculative to
quantify, cognizance in a qualitative sense, is taken of
this effect in the cost-benefit analysis.
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5.3

WATER QUALITY

5.3.1

NON-RADIOACTIVE CHEMICAL DISCHARGES

In closed-cycle operation, blowdown must be continuously
withdrawn from the recycling cooling water in order to limit
the concentration levels in the tower of total solids. The
composition of the cooling tower blowdown is determined by
the "cycle of concentration" selected for closed-cycle
operation, salinity of Hudson River water available for
make-up, and chemical treatment of the circulating water. A
"two-cycle concentration" has been tentatively selected for
the Indian Point Unit No. 2 closed-cycle cooling system to
prevent solid concentrations from exceeding the maximum
river salinity for most of the year, and to minimize the
need
for
chemical
treatment.
For
a
"two-cycle
concentration" operation, estimated blowdown, and make-up
requirements are as follows:
(1)
(2)
(3)

Total Cooling water, gpm----- 600,000
Make-up Water, gpm------------ 30,000
Evaporation Loss, gpm--------- 15,000

(4)
(5)

Drift loss, gpm------------------- 12
Blowdown, gpm ----------------- 15,000.

Chemicals
must be added to a closed-cycle cooling system to
control corrosion,
scaling, microbiological
fouling,
and
silting.
Chemical
treatment at
Indian Point Unit No. 2
would include chlorination of the make-up water and possibly
the addition of sulfuric acid to the circulating water on an
intermittent basis.
Chemical
analyses
of
the blowdown
are
quantitatively
presented in Tables 5-5 and 5-6 assuming maximum and average
concentrations
of solids in the Hudson River, respectively.

The blowdown is assumed to be diluted with about 30,000 gpm
of service water of Indian Point Unit No. 2 prior to
discharge to the river through the existing discharge canal.
As a result of bioassays performed on selected Hudson River
species, no significant impact is expected from tower
blowdown. Therefore, this impact has not been included in
the quantified part of the cost-benefit analysis.

5-37

TABLE 5-5
CHEMICAL COMPOSITION VALUES OF BLOWDOWN
CORRESPONDING TO MAXIMUM CHEMICAL CONCENTRATION
OF HUDSON RIVER *1
(Blowdown Rate: 15,000 gpm)

Conc., mg/l or ppm of X

Chemical, X

Hudson R.

Blowdown
(No Dilution)

Blowdown
Diluted*2

Bicarbonate

82

Calcium

82

164

109

3,020

6,040

4,027

Magnesium

184

364

245

Potassium

60

120

Silica

4

8

5

Sodium

1,700

3,400

2,267

420

890

577

Chloride

Sulfate
Residual
Chlorine

*1

<0.5

<0.17

Chemical treatment includes intermittent chlorination
and sulfuric acid feed of about 1/4 gpm.
Hudson River maximum chemical concentrations is assumed
to occur during three (3) summer months.

*2

Dilution flow is 30,000 gpm service water from Indian
Point #2.
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TABLE 5-6
CHEMICAL COMPOSITION VALUES OF BLOWDOWN
CORRESPONDING TO AVERAGE CHEMICAL CONCENTRATION
OF HUDSON RIVER *1
(Blowdown Rate:

15,000 gpm)

Conc., mg/i or ppm of X

Chemical, X

Hudson R.

Bicarbonate

Blowdown
(No Dilution)

Blowdown*2
Diluted

134

89

72

48

1500

1000

Magnesium

92

61

Potassium

34

23

80

53

254

169

Calcium
Chloride

750

Silica
Sodium
Sulfate

127

Residual

<0.5

<0.17

*1

Chemical treatment includes intermittent chlorination.
Hudson River average chemical concentrations is assumed
to occur nine months annually.

*2

Dilution flow is 30,000 gpm service water from
Indian Point #2.
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5.3.2

RADIOACTIVE CHEMICAL DISCHARGES

As discussed in Section 4.3.3 disposal of radioactive liquid
wastes from the Indian Point site -is governed by the NRC'S
regulations and the plant's Technical specifications. Since
the evaluations in Section 4.3.3 were performed assuming a

dilution

flow

of

100,000

gpm

those

evaluations

are

applicable to operation of Unit No. 2 with a cooling tower.
Thus no distinction is made in radiological effects related
to the two alternative modes of cooling discussed in this
report and no impact is included in the cost-benefit
analysis in Chapter 8.

5.3.3

THERMAL DISCHARGES

About 6.35 x 10' Btu/hr of waste heat from Indian Point Unit
No. 2 is presently rejected to the Hudson River through the
existing
once-through
cooling system.
A closed-cycle
natural draft cooling tower would reject most of the waste
heat to the atmosphere, and the waste heat which would be
discharged to the Hudson River is the heat carried by the
cooling tower blowdown plus the normal service heat load.
on an average basis, the temperature of the blowdown water
exceeds the temperature of the make-up water by about
14.7 0 F.
This 14.7 0 F temperature difference multiplied by a
blowdown rate of flow of 15,000 gpm results in a discharge
from the plant of 110 million Btu/hr. This amount of heat,
plus the service heat load of 100 million Btu/hr, is the
total waste heat
(210 million Btu/hr) dissipated to the
river. In comparison, the thermal discharges of the closed
cycle cooling system is about 3.3% of those evaluated for
the present once-through cooling system. No impact of the
heated blowdown is included in the quantified cost-benefit
analysis.

5.4

AQUATIC BIOTA

The Real-Time Model prediction of multi-plant impact on the
striped bass population with Indian Point Unit No. 2 on
closed-cycle cooling (as of May 1981) appears in Table 5-7.
The compensation levels which were input to predict impact
with no cooling towers (Table 4-13) were similarly used in
this case.
As in the case of once-through cooling, use of
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TABLE 5-7
EFFECTS OF INDIAN POINT UNITS 2 AND 3, BOWLINE UNITS 1
AND 2, AND ROSETON UNITS 1 AND 2 OPERATION ON HUDSON
RIVER STRIPED BASS POPULATION WITH CLOSED-CYCLE COOLING
at INDIAN POINT UNIT 2 - 1974 DATA BASE

YEAR

Percent Reduction in Total Striped Bass Adults
Compensation EP = 0 .3 2 5 aEP = 0.375a[EP = 0 *-4 0 a EP=
a
0 2
lvl
KO
I P = 0.725b
IP = 0 .7 5 b
IP = 08b
IP = 08b
1974

1.74

1975

2.59

1976
1977
1978
1979
1980

3.12
3.69
3.96
4.16
4.07

1981

2.95

3.20

1982
1983
1984
1985

3.24
3.27
3.33
3.36

3.55
3.63
3.69
3.74

1986

3.38

".987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

3.41
3.41
3.42
3.43
3 .44
3.44
3.44
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45

aEP

-

bp-

j
1

*

Entrainment period
Impingement period
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1.76

1.76

2.61

2.65

3.16
3.73
4.00.
4.20
4.32

3.21
3.81
4.10
4.30
4.42

_____

E
IP =0.80h

1.83

1.87

1

2.74

2.81

j

3.32
3.93
4.22
4.43
4.57

3.40
4.02
4.32
4.53
4.67

3.72

3.38

3.46

3.63
3.72
3.78
3.84

3.7638
3.84
3.92
3.98

39
4.02
4.10.

3.78

3.88

4.04

3.82
3.84
3.85
3.86
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.0
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90

3.90
3.98
3.98
3.98
3.98
3.98
3.99
4.00
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01

4.08
4.11
4.13
4.15
4.15
4.17
4.18
4.19
4.19
4.19
4.20
4.20
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21
4.21

1

1

1

1
1

1

1

4.15
4.20
4.24
4.26
4.29
4.30
4.31
4.33
4.33
4.34
4.35
4.36
4.37
4.37
4.37
4:37
4.37
4.37
43
4.37
4.37
4.38
4.38
4.38
4.38
4.38
4.38
4.38

the data in Table 5-7 for cost-benefit purposes is described
in Section 7.0.

5.5

TERRESTRIAL BIOTA

con Edison has investigated the potential of migratory birds
striking a natural draft cooling tower at Indian Point Unit
No. 2 and concludes such effects would be of relatively
minor ecological significance. The investigation consisted
of studying particularly relevant published findings for the
Davis-Besse
Station spanning three migratory seasons',
discussions with William-B. Jackson, the director of that
program7 and discussions with other investigators on the
behavior of birds.
The natural draft cooling tower at the Davis-Besse Nuclear
Power Station on the southeast shore of Lake Erie near Port
Clinton, Ohio is 495 feet high and 410 feet in diameter at
the base. These dimensions make the tower of the same order
of magnitude as the tower contemplated at Indian Point Unit
No. 2. During the four consecutive spring and fall seasons
of 1972,
1973f 1974 and 1975 a total of 277 birds were
recovered in the spring and 617 birds were recovered in the
fall at Davis-Besse. The average is approximately 224 birds
per year.
Compared to mortality rates resulting from migratory birds
striking other man made obstacles these are small numbers.
Forest V. Strnad in 1975 estimated kills of 1500 birds in a
single night at-a 1200 foot television tower in Minnesota.
Taylor has documented similar kills at a Florida television
tower.' James Baird of the Massachusetts Audubon Society
described the circumstances of high night kills of migratory
birds.
Bird navigation is impaired by overcast conditions and poor
visibility and under these conditions birds may even become
confused.
Confusion may be compounded by man made steady
light sources. If such a source is on top of a tall
transmission tower, birds will circle the tower, and if it
is supported, as most are, by guy wires, the birds collide
with each other and the wires at rates of hundreds per
night.
Baird believed installation of flashina strobe
lights could reduce such kills substantially. Dr. Kenneth
Abel of SUNY, in a similar conversation offered the same
description of the bird strike problem. All that Jackson
(Reference 5) could conclude was that flashing strobe lights
did not appear to have any influence on bird movements.
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This suggests a cooling tower can be lighted
increasing the likelihood of birds strikes.

without

Relative to other man made structures, the hazard at night
to migratory birds at a cooling tower similar to the one
proposed for Indian Point Unit No. 2 is minimal. Therefore,
tower effects on terrestrial biota are not included in the
quantified portion of the cost-benefit analysis.
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CHAPTER 6
ECONOMIC IMPACT OF ONCE-THROUGH COOLING SYSTEM
The environmental impacts of operation with an once-through
cooling system at Indian Point Unit No. 2 are reviewed in
Chapter 41of this report. The major, impact of operation
with a once-through cooling system is the impact upon the
striped bass. In this Chapter the methodology selected for
monetizing this impact is discussed for inclusion in the
once-through
of
other effects
cost-benefit analysis.
cooling have not been quantified for reasons stated in the
The other effects, are,
various sections of Chapter 4.
the cost-benefit analysis in a
in
included
however
qualitative sense.

6.*1

METHODOLOGY FOR
BASS FISHERY

QUANTIFYING

IMPACT

ON

STRIPED

The environmental impact of operating Indian Point Unit No.
2 with a once-through cooling system on the Hudson River
striped bass fishery and its subsequent contribution to the
Atlantic coastal fishery is presented in Section 4.41 of this
report. The methodology for quantifying this impact on the
striped bass fishery in monetary terms is contained in
Chapter IT of the Cost Benefit and Decision Making Study
(Appendix A), and described briefly below.
The effect of granting this license application will be to
make possible the operation of the unit with once-through
cooling for the remaining life of the plant, rather than
It is assumed for the purpose of this
closed-cycle coolingr.
analysis, as discussed in Chapter 1, that, if the requested
amendment is
not granted, then operation with once-through
The impact on the
cooling will terminate on 1 May 1981.
fishery of granting this license amendment will be the
incremental impact of operation with once-through cooling of
Indian Point Unit No. 2 from 1 May 1981 through the end of
This impact is calculated on the
the life of the unit.
assumption that the other post-1970 steam-electric units on
the Hudson River are operating with once-through cooling for
their useful lives.
The cost to society of the impact on the striped bass
fishery should be estimated by assessing the potential loss
to the sports and commercial fisheries and to the consumers
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of striped bass. The impact on the sports fishery may be
estimated by evaluating the change in the value of the
fishery to those who fish for striped bass. The impact on
the commercial fishery is due to a potential reduction in
The impact on the
the commercial catch and revenues.
consumer is reflected in any-change in price or quantity of
fish on the retail market.
Costs to the Sport Fishery
The cost to the sport fishery of the proposed license
amendment is determined by evaluating the costs to fishermen
due to the incremental impact on the fishery from the
operation of Indian Point Unit No. 2 with once-through
The cost to the fishermen of any reduction in the
cooling.
value of fishing is a function of the value of a sport
fishing day, the number of fishermen who fish for striped
bass, and the reduction in the number of sports fishing days
per fisherman. operation with once-through cooling will
reduce the stock of striped bass in the fishery, which has a
potential for reducing the number of sports fishing days.
The mode of cooling used at the plants will not affect the
value of a sports fishing day to the fisherman or the number
of fishermen who fish for striped bass.
A number of techniques for measuring the value of a sports
accepted
A
widely
fishing day have been developed.
technique is to assess the value to the fisherman of a
fishing day as the amount which the fisherman is willing to
pay for the day of fishing, less what he actually pays.
This amount, commonly referred to as the "consumer surplus,"
is a measure of net cost to society if there is a loss of
one sports fishing day. The amount which the fisherman is
or
willing to pay can be determined through surveys
Since it is difficult to separate the
questionnaires.
values imbeded in a fishing day associated with actually
catching fish and those associated with other leisure
activities, or to account for substitution of other species,
it is difficult to obtain an exact measure of the value of a
Despite these difficulties, a number of
fishing day.
studies have been performed to determine a reasonable
An analysis of
estimate of the value of a fishing day.
these studies indicates that the amount which a fisherman is
willing to pay for a single day of salt-water sport fishing
ranges from $20 to $40. The actual cost of a day of fishing
has been estimated at $15.
The 'range of the consumer
surplus for sport fishing is, therefore, $5 to $25 per day.
For the purpose of this analysis, an average consumer
surplus for a day of striped bass fishing of $15, the mid
point of this range, is used.
The consumer surplus is
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likely to increase in the future due to general inflationary
trends in the economy. in this analysis, an inflation rate
for the consumer surplus of 5% per year has been used.
The U.S. Department of The Interior has conducted surveys of
the salt-water striped bass fisheries
at
five
year
intervals.
The data from these surveys of the salt-water
fisheries have been used'to provide estimates of the fishing
effort in a base year for use in predicting the impact on
the fishery in the future. The results of these surveys
include estimates of the number of striped bass fishermen,
the number of days of fishing per fisherman, and the number
of striped bass caught.
The number of striped bass fishermen used in evalua'-Ing the
economic impact of the once-through cooling system is based
upon the number of striped bass fishermen in the last
reported survey (1970) and a projected annual growth rate of
the number of fishermen. The estimated number of striped
bass fishermen in the Atlantic coastal fishery, according to
the 1970 survey, -is 783,000. Historical data on rate of
population growth and the rate of growth of the number of
striped bass fishermen indicates that the growth rate of the
number of striped bass fishermen has been two to three times
larger than the population growth rate.
In recent years,
however,
both rates have been decreasing.
Population
projections from the Bureau of Census indicate that a
reasonable estimate of the annual growth rate of the
Atlantic coast population is .74%. This estimate is used as
a lower bound on the annual growth rate of the number of
striped bass fishermen. Since the growth rate of the number
of striped bass fishermen has been decreasing, the observed
growth rate between the periods of the last two salt-water
surveys
(i.e., the 1965 and 1970 surveys) which was 1.78%
per year is used as an upper bound for the long term growth
rate.
Due to- the uncertainty in determining the "best
estimate" of the growth rate of the number of striped bass
fishermen, the mid-point between these two estimates, 1.26%,,
is selected to represent the best estimate of the growth
rate. with an estimate of the number of striped bass
fishermen in the base year and estimates of the annual
growth rate of this population, the range of the estimate of
the number of striped-bass fishermen for each year of the
study can be determined.
In addition to estimating the consumer surplus of a day of
striped bass fishing and the annual number of striped bass
fishermen, in order to evaluate the total cost to society of
the impact on the fishery an estimate of the impact
expressed as a reduction in number of striped bass fishing
days
is required.
A number of techniques have been
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developed for estimating the change in the number of days of
fishing due to a change in a fish stock.
Many factors
determine when a fisherman will go fishing for striped bass.
One of the most important factors in'the determination to go
fishing is what the fisherman perceives as the likelihood of
catching striped bass on that particular day. The average
number of fishing days per year of an individual fisherman
should correspond roughly to his subjective estimate of the
probability of catching striped bass.
In estimating the
number of fishing days in any year in the future, it is
assumed that the number of fishing,days per fisherman in a
future year t is proportional to ~the number of fishing days
per fisherman in some base year. 'The proportionality is a
function of the ratio of the probability of catching what
fishermen regard as a minimum number of striped bass
required for a day of fishing in the year t, to the
probability of catching that number of striped bass in the
base year.
The probability of catching a given number o'f
fish per day should be a function of the average daily catch
of striped bass.
In estimating the probability of catching the minimum
required number of striped bass to induce the fisherman to
go fishing, the Poisson distribution has been found to
adequately represent the random nature of catching striped
bass. The probability of catching k or more striped bass
per day is given by

P [ catching k or more striped bass /day]

k-i

i-Z

X=0

e -'

X!

where X =average daily catch

For the purpose of this analysis, one striped bass was
selected as the minimum number of striped bass caught per
fishing day to induce the fisherman to go fishing. The most
recent
published salt-water survey indicates that the
average catch for striped bass was approximately 1.5 striped
bass per fishing day. This data implies that the inducement
to go fishing for striped bass is the likelihood that at
least one striped bass will be caught. Based on the data of
the number of striped bass caught by sport fishermen
reported in the 1965 salt-water survey and assuming that the
average number of days demanded by each fisherman is 12.2,
the
same
as
in 1970, the average daily catch was
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approximately 2.1
striped bass.
In
the
cost-benefit
analysis of the impact on the fishery, the estimated average
daily catch from the 1970 survey is used as the best
estimate of the average daily catch, and the estimate based
on the 1965 survey is assumed to be an upper bound on the
average daily catch. The lower range of the average daily
catch is assumed to be 1.0 striped bass.
The
estimated
average
da ily catch should take into
consideration any increase in the number of fishermen or
decrease in the number of striped bass which would reduce
the share of striped bass for each
fisherman.
The
fisherman's average daily catch in any year, t, is assumed
to be proportional to the average catch in the base year.
The proportionality is a function of the number of fishermen
(F),
the number of fishing days per fisherman (D) and the
stock of striped bass (P) in year t and the base year.
The
average daily catch in year t is given by

Pt

F0

Do

P0

Ft

Dt

In order to determine the average daily catch in any future
year, estimates of number of fishermen, number of fishing
days per fisherman and the striped bass stock in both the
base year and the future year are required.
The number of
fishermen in
year t has previously been shown to depend on
the number of fishermen in the base year and the growth rate
of the fishermen population. The expected change in the
striped bass stock as a result of plant operations is
presented in Sections 4.4 and 5.4 of this report.
The
expected number of fishing days per fisherman in any year
can be determined by
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catching at least one1
DI - sripedbass in year t_
.D
one1
least
at
p [catching
[striped bass in base year]J
P

The estimate of the annual average number of days of salt
water fishing per fisherman from the 1970 salt water survey
was 12.2. This estimate is used as the estimate for the
base year, 1970.
In assessing the total cost to the Atlantic coastal fishery
of the impact of an once-through cooling 'system at Indian
Point Unit No. 2, it must be recognized that, as discussed
in Section 4.41, the impact will only be on that portion of
the fishery contributed by the Hudson River stock.
In
quantifying the impact on the Atlantic coastal fishery, the
contribution of the Hudson River stock to the Atlantic
fishery must be properly assessed.
The methodology for
quantifying this impact takes this contribution into account
by reflecting the percent contribution to the Atlantic
coastal fishery in determining the reduction in the Atlantic
stock due to a reduction in the Hudson River stock.
Another factor which will directly affect the stock of the
striped bass fishery is the level of compensation assumed in
the prediction of the level of stock reduction each year.
in the cost-benefit analysis five potential levels of
compensation are used in order to take into account the
uncertainty in the exact level of compensation.
The impact on the sports fishery, in monetary terms, for
each year of the analysis, is the product of the consumer
surplus, the number of fishermen and the average number of
days demanded by each fisherman in that year. The impact
for each year is present worthed at the social discount rate
to the base year of the economic analysis, 1977.
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Costs to commercial Fishery
The impact of operation with an once-through cooling system
on Indian Point Unit No. 2 on the commercial fishery may be
assessed by determining the economic impact, if any, on the
commercial catch and revenues. The measure of the impact on
the commercial fishery is the change in the "producer
surplus" which is the difference between the cost to the
producer and the selling price. The change in the producer
surplus is a function of the change in the relative yield of
the Hudson River striped bass stock, the contribution of the
Hudson River stock to the Atlantic fishery, the size of the
commercial catch in the base year, the retail price of
striped bass and the relationship between the commercial
catch and fishing effort. The change in the relative yield
and the contribution of the Hudson River to the Atlantic
fishery are presented in Section 4.4 of this report. The
size of the commercial catch and retail price of striped
bass were determined through government and private surveys.*
The relationship between the commercial catch and fishing
effort was selected such that the marginal supply cost is a
linear function of commercial fishing effort.
An estimate of the retail price of striped bass has been
The impact on the
determined to be $2.00 per pound.
commercial fishery in economic terms is assessed at one half
the product of the retail price of striped bass and the
The
reduction in the commercial catch of striped bass.
annual average commercial catch of striped bass is 9,523,000
pounds, according to statistics prepared by the National
Marine Fisheries Service. Any reduction in the commercial
catch is a function of the relative contribution of the
Hudson River stock to the Atlantic Coastal Fishery and the
change in the relative yield of the Hudson River stock of
striped bass. Both of these factors have been previously
discussed in this report.
Cost to the Consumer
The value of striped bass is not strictly limited to the
sports and commercial fisheries. A reduction in the striped
bass stock of the Hudson River could, hypothetically, affect
the consumers via a resulting rise in price. However, since
the commercial catch of striped bass is a small proportion
of
the total supply of fish caught commercially and
substitution of other species of fish at the retail level is
possible, the price of striped bass to the consumer is
unlikely to be affected within the range of fishery impact
presented in this report.
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6.2

QUANTIFICATION OF IMPACT ON ST11IPED BASS FISHERY

iifr, many factors
in quantifying the impact on aqu&tic
affect the estimate of the value of the sport and commercial
The values of the sport and
striped
bass
fishery.
fishery
were
evaluated
for
commercial striped bass
combinations
of five 'potential levels of compensatory
reserve, three potential levels of growth rate of the number
of striped bass fishermen, and three estimates of the
average daily catch by sports fishermen. These values are
shown in Table 6-1 for the lowest, most probable and highest
estimates of the impact on the fishery..
The lowest and
highest estimates do not represent the boundaries of a 90%
confidence interval but rather the probable range of the
impact.
The value in monetary terms of the impact on the fishery of
operation on once-through cooling using the best estimate of
bass
compensatory reserve, of growth rate of striped
fishermen and of average daily catch, is approximately
$1,447,000 (sum present worth - 1977).
This most probable
estimate of the impact on the aquatic biota corresponds to
an approximate reduction of only 0.03% in the number of
striped bass fishermen days over the life of Indian Point
Unit No. 2. with the lowest estimate of compensation, the
lowest estimate of average daily catch and the highest
estimate of the growth rate of fishermen, the. estimate of
the cost of the impact on the fishery is $1,93(I,000 (sum
present worth - 1977) which is the upperbound on the value
of the fishery impact. The lower bound of the estimate of
the economic impact on the striped bass fishery is $917,000
(sum present worth - 1977); this estimate corresponds to the
high estimates of compensatory reserve and average daily
catch and a *low estimate of the growth rate of the number of
striped bass fishermen. These estimates of the impact on
the fishery are used in Chapter 8 to compare the costs and
benefits of the proposed license amendment.
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6.2
QUANTIFICATION OF IMPACT ON S'RIPED BASS FISHERY

Lijf,,
many factors
in quantifying the impact on aqu&.tic
affect the estimate of the value of the sport and commercial
The values of the sport and
bass
fishery.
striped
for
evaluated
were
fishery
commercial striped bass
of five potential levels of compensatory
combinations
reserve, three potential levels of growth rate of the number
of striped bass fishermen, and three estimates of the
average daily catch by sports fishermen. These values are
shown in Table 6-1 for the lowest, most probable and highest
The lowest and
estimates of the impact on the fishery..
highest estimates do not represent the boundaries of a 90%
confidence interval but rather the probable range of the
impact.

The value in monetary terms of the impact on the fishery of
operation on once-through cooling using the best estimate of
bass
compensatory reserve, of growth rate of striped
fishermen and of average daily catch, is approximately
This most probable
$1,447,000 (sum present worth - 1977).
estimate of the impact on the aquatic biota corresponds to
an approximate reduction of only 0.03% in the number of
striped bass fishermen days over the life of Indian Point
Unit No. 2. With the lowest estimate of compensation, the
lowest estimate of average daily catch and the highest
estimate of the growth rate of fishermen, the. estimate of
the cost of the impact on the fishery is $1,934,000 (sum
present worth - 1977) which is the upperbound on the value
of the fishery impact. The lower bound of the estimate of
the economic impact on the striped bass fishery is $917,000
(sum present worth - 1977); this estimate corresponds to the
high estimates of compensatory reserve and average daily
catch and a low estimate of the growth rate of the number of
striped bass fishermen. These estimates of the impact on
the fishery are used in Chapter 8 to compare the costs and
benefits of the proposed license amendment.
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TABLE 6-1

IMPACT ON STRIPED BASS FISHERY (SUM PRESENT WORTH - 1977)

FISHERY

LOWEST
ESTIMATE (1)

$

MOST PROBABLE
ESTIMATE

I1GHEST
ESTIMATE (1)

Sport

749, 000

1,255,000

1,724,000

commercial

168, 000

192,000

210,000

Total

917,000

1,447,000

1,934,000

(1)

Does hot define the boundaries of a 90% confidence interval
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CHAPTER 7
ECONOMIC IMPACT OF NATURAL-DRAFT
COOLING TOWER SYSTEM
The societal impact of the construction and operation of a
natural-draft cooling tower system includes the economic
costs of construction and operation of the cooling tower,
the value in monetary terms of the environmental impacts of
the cooling tower of those which can be quantified and the
value of the- unquantifiable environmental impacts of the
cooling tower. This Chapter summarizes the methodologies
for quantifying certain environmental and economic impacts
of the operation of a natural-draft cooling tower system and
Both the
the value in monetary terms of these impacts.
and those not monetized which are
impacts
monetized
discussed in Chapter 5 are included in the cost-benefit
analysis in Chapter 8.

7.1

METHODOLOGY FOR QUANTIFYING COST OF
AND OPERATION OF THE COOLING SYSTEM

CONSTRUCTION

The methodology for quantifying the cost of construction and
operation of the natural draft cooling tower system-is
discussed in Chapter VII of the Cost Benefit and Decision
The cost of installation and
Making Study (Appendix A).
operation of the cooling system includes the operation and
maintenance costs of the tower, the capital cost of the
cooling tower, cost-of replacing energy not available to the
electric system due to operation of the cooling tower, cost
of replacing power not available at or around the time of
the electric system peak due to operation of the cooling
tower, cost of replacing energy not available to the
electric system due to the cut-in of the cooling tower, and
the economic value of the reduction in the electric system
reliability due to the cut-in.- These costs are evaluated
separately and then used in balancing the benefits and costs
of the cooling tower.

7.1.1

CAPITAL COSTS

The total capital cost of the natural-draft cooling tower
consists of the direct capital cost, indirect or overhead
costs, escalation between the time of the estimate of the
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costs (March,
contingency.

7.1.1.1

1975) and when the tower is constructed, and

DIRECT CAPITAL COST

Capital cost for the natural-draft wet cooling tower system
for Indian Point Unit No. 2 is given in Table 7-1. The
major cost components of the construction of closed-cycle
cooling system are set forth in Table 7-1 (March, 1975
Costs).
Site preparation is the largest single element of
the direct capital cost. This is due to the fact that the
Indian Point site is composed of exceptionally rugged and
rocky terrain.
The -constraints of the Indian Point site
require the construction of long connecting pipe runs and
extensive excavation for the cooling tower basin. The cost
of the cooling tower itself constitutes only 20-25% of the
direct capital cost of the natural-draft cooling system.

7.1.1.2

INDIRECT CAPITAL COST

The estimated total project cost is made up of direct costs
and those indirect or overhead costs which, under the
Federal Power Commission and the New York state Public
Service Commission Uniform System of Accounts, are required
to be capitalized as part of the project capital cost. The
indirect or overhead cost, as of March 1975, is composed of
the following components:
A.

Company Engineering and Supervision (13% of total
direct costs).

B.

Administration and Supervision (3% of the sum
total direct cost and (A)).

C.

Payroll Taxes and Pensions (29%
Company
labor cost directly
project, and (A)).

D.

Allowance for Funds during Construction (9% per
year
(or 17.03%) of the sum of total direct cost
plus indirect costs set forth in
(A),,
(B)
and
(C)).-
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of the
charged

of

sum of
to the

TABLE 7-1

CAPITAL ESTIMATE SUMMARY

Indian Point Unit No. 2
Natural Draft Cooling Tower
Installed December 1981

$ 43,076,500

Total Direct Cost
Engineering & Supervision (13%)
Administration & Supervision (3%)
Payroll Taxes & Pensions (29%)
Allowance for Funds During
Construction (17 .03%)

5,160,300
1,345,600
1,861,100
8,760,800
60, 204, 300

Total Project Cost

24,495,100
16, 300, 600

Escalation (43.55%)
Contingency (20%)

$ 101,000,000

Total Estimated Cost
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Company Engineering and Supervision
In order to construct a cooling tower system, con Edison
incurs expenses in doing preliminary engineering designs,
drafting invitations to bid, making detailed engineering
designs, project supervision and management, etc.
These
engineering costs are applied to all capital construction
projects as an indirect cost (13% of direct cost).
This
method is accepted by the Company's auditors, the New York
State Public Service Commission and the Federal Power
Commission.
Administration and Supervision
Proper accounting practice allows the allocation to capital
cost of a portion of the general administration expenses of
the
Company.
This
reflects
the fact that certain
administrative functions, including purchasing, personnel,
accounting, etc.,, are, in part, applicable to capital
projects.
Con Edison used a factor of 3% of the sum of direct cost and
company engineering cost for this item.
This method has
been accepted by the Company's auditors, the New York State
Public Service Commission and the Federal Power Commission.
Payroll Taxes and Pensions
These employee-related expenses (29% of the Company labor
cost and Company engineering cost) are attributable to the
Company labor on the project.
This method of allocating
payroll taxes and pension to Company labor has been accepted
by the Company's auditors, the New York State Public Service
Commission and the Federal Power Commission.
Allowance for Funds During Construction
Allowance for funds during construction is a factor unique
to utility accounting based on the fact that property is not
included in the rate base until it goes into service.
Accordingly, proper utility accounting requires increasing
the direct cost of a project by this factor to take into
account the fact that money was invested without obtaining a
return for the period of construction.
This factor is
computed on the net cost of borrowed funds used for
construction purposes plus a reasonable rate of return upon
the utility's own funds when so used.
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Con Edison used a rate of 9% per
funds during construction on all
projects. This rate was accepted
the New York State Public Service
Power Commission.

annum for allowance for
major capital construction
by the Company's auditors,
Commission and the Federal

The cost for allowance for funds during construction of
17.03% shown on Table 7-1 was derived by using a 9% annual
rate of interest, compounded monthly, on the accumulated
expenditure of the previous month, assuming an even cash
flow for the duration of construction.
Escalation
During the past 25 years, construction costs have steadily
increased and there is no indication of any change in this
trend.
Accordingly, it is necessary to increase cost
estimates based on current prices by an escalation factor
when estimating the cost of a project to be built at a
future time, in order to reflect the actual expenditures
which will be incurred.
2'he escalation factor for Company construction projects is
estimated on the basis of the New York City Construction
Price Index developed by Con Edison.
This index reflects
increases in the cost of labor as determined by the Building
and
Construction
Trades Council of Greater New York
supplemented by data from actual union contractual agreement
and by increases in the costs of materials shown by the
Construction Material Wholesale Price Index of the United
States Department of Commerce.
The accuracy of this Index is tested on a semi-annual and an
annual basis by comparison with the average rate of change
for other industrial organizations and government agencies.
No significant difference between the Index and these data
has been found.
The average annual rate of escalation was: (1) 1964-1971 at
6.3%, (2) 1964-1974 at 6.4%, and (3) 1973 at 7%. The period
from 1974 to 1976 was estimated at a 9% average annual rate
of change and for years after 1976 at 7.5%.
Contingency
Contingency is an allowance for costs which cannot be
estimated at this time but which are certain to occur as
well as an allowance to cover items which because of their
nature can vary from the time of the estimate. Three of the
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main items intended to be covered by the contingency
are:

factor

(1)

Labor productivity being less than anticipated.
This item is dependent on the labor market at the
time when the work is being performed and the
working conditions.

(2)

Actual quantities or base prices being greater
than anticipated. This item is dependent on the
information from which. the estimate is being
prepared and economic conditions.

(3)

The final design being somewhat different than
that envisioned at the time of the estimate.
This item, however, is not intended to cover
major changes in scope.

contingency allowance is based on experience and
The
reflects the extent and certainty of the knowledge of
factor of 20% is
contingency
A
details.
project
appropriate for this project in view of the fact that, among
other things, the detailed design has not been finalized.
Uncertainty
Duia to the inevitable uncertainty in estimating the future
direct and indirect costs of the natural draft cooling tower
system, a range of capital costs has been determined in
order to perform the cost-benefit and decision analysis to
determine the appropriate alternative cooling systems for
Indian Point Unit No. 2. Based on experience with previous
estimates for large construction projects and professional
judgment, estimates of the boundaries of a 90% confidence
interval on the capital cost of the cooling tower were
determined
Estimate

Capital Cost

Low

$ 94,000,000

Best
High

$101,000,000
$114,000,000

The low estimate of the capital cost of

the cooling tower
was selected so that the probability that the actual cost
will exceed this estimate is .95. Likewise, the probability
that the actual cost of the cooling tower will be less than
the high estimate is .95.
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.1.2INCREMENTAL

7.1.2

GENERATING COSTS

The following section describes the method for computing the
cost impact of owning and operating the closed-cycle cooling
system. This cost impact is presented in the form of the
revenue required from the electric system customers due to
the installation and operation of the cooling tower and in
the form of the cost of the tower for use in the 'cost
cost-benefit
the
A description of
benef it analysis.
analysis methodology is contained in Section 3.1 of this
report. As described in Section 7.1.2.7, certain costs
incurred by Con Edison and passed through to the electric
system customers should not be included as real costs to
society in a benefit-cost analysis,.
The economic life of a cooling tower utilized herein is
measured from the time it becomes operational to the end of
the total economic life of the nuclear plant, taken to be
forty years. Indian Point Unit No. 2's first year of
service was 19711, thus Incremental generating costs are
considered only for the economic life of the cooling tower,
from the beginning of December 1981 to the end of 2013,
inclusive.
Indian Point Unit No. 2 is presently licensed to operate at
It is expected that the license will be
2,758 MW (thermal).
amended to allow operation at the design levels of 3,216 MW
For purposes of this report, Con Edison has
(thermal).
assumed that this uprating would not take place prior to the
transition to the closed-cycle cooling mode of operation, as
this requires separate licensing action and sufficient lead
The
time must be allocated to account for possible delay.
estimated incremental generating costs are presented in
Tables 7-2 and 7-3 in the following two modes:
(1)

The present worth in 1977 of
requirements (Table 7-2).

(2)

The annual levelized revenue
1981 to 2013 (Table 7-3).

the

total

revenue

requirements

from

The "Present Worth of the Revenue Requirements" (Table 7-2)
is the sum of the annual additional costs due to the cooling
tower present-worthed to January 1, 1977. The present worth
of a revenue requirement in any given year is the amount of
money which, if invested at the specific rate of return in
1977, would meet this revenue requirement in the later year.
The "Annual Levelized Revenue Requirements"s (Table 7-3) is a
constant annual revenue requirement, from 1981 through 2013,
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TABLE 7-2
INCREMENTAL REVENUE REQUIREMENTS ABOVE BASE PLANT
FOR CLOSED CYCLE COOLING AT INDIAN POINT UNIT NO. 2

CUT-IN 5/1/1981.to 12/1/1981
DESCRIPTION
OF EXPENSES

PRESENT WORTH OF REVENUE REQUIREMENTS (1) - $
HIGH ESTIMATE
BEST ESTIMATE
LOW ESTIMATE

3,680,000

4,091,000

4,490,000

160,427,000
b) Carrying cost of
Capital for Cooling
Tower

174,664,000

200,797,000

c) Cost of Replacing
Deficient Energy
(Annual Derating)

58,510,000

86,383,000

121,290,000

d) Carrying Cost of
Capital for Replace
ment Capacity
(peak derating)

32,320,000

36,827,000

41,360,000

30,449,000
e) Replacement Energy
for Plant Downtime to
Cut-in Cooling Tower

46,323,000

68,986,000

7,373,000
f) Firm Purchase for
Replacement Capacity
for Plant Downtime to
Cut-in Cooling
Tower

13,027,000

14,721,000

a) Maintenance and
other operating
expenses

g) Total

361,315,000

(1) Base Year 1977
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TABLE 7-3.
INCREMENTAL REVENUE REQUIREMENTS-ABOVE BASE PLANT

FOR CLOSED CYCLE COOLING AT INDIAN POINT UNIT NO. 2

DESCRIPTION
OF EXPENSES

a) Maintenance &
other operating
expenses

ANNUAL LEVELIZED REVENUE REQUIREMENTS (1)
(1981-2013)
LOW ESTIMATE
BEST ESTIMATE
HIGH ESTIMATE

352,000

391,000

429,000

b) Carrying Cost
of Capital for
Cooling Tower

15,334,000

16,695,000

19,193,000

c) Cost of Replac
ing Deficient
Energy (Annual
Derating)

5,593,000

8,257,000

11,593,000

d) Carrying Cost
of Capital for
Replacement
Capacity (peak
derating)

3,089,000

3,520,000

3,953,000

e) Replacement
Energy for
Plant Downtime
to Cut-in
Cooling Tower

2,910,000

4,428,000

6,594,000

705,000

1,245,000

1,407,000

f) Firm purchase
for Replacement
Capacity for
Plant Downtime
to Cut-in
Cooling Tower
g) Total

34,536,000

(1) Base Year 1977
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which is equivalent to the actual stream of
revenue
requirements such that the sum of the present worth of these
equivalent annual revenue requirements equals the sum of the
present worth of the actual annual revenues required from
1981 through 2013.
The present worth and the annual
levelized revenue requirements are computed using the social
discount rate which is 'estimated to be 6.5%/year in order to
provide a comparison with the costs of the closed-cycle
cooling system.
The computations described in the following sections apply
to the best engineering estimate of the incremental costs
associated with constructing and operating a cooling tower
at Indian Point Unit No. 2.
Aside from these expected
values, Tables 7-2 and 7-3 also show values for each line
item corresponding to:
1) the low estimate such that the
probability that the actual cost will be lower than this
value is .05 and 2) the high estimate such that the
probability that the actual cost will be higher than this
value is .05.
Low and high estimates were obtained by estimating the
variation of
independent
input
variables
based
on
engineering judgment. Each of the line items on Tables 7-2
and 7-3 was broken down into its major components and each
of these components was assigned a "low-high" range such
that the probabilities that the actual cost would be outside
the range (on either side) are .05.
The following table shows for each line item of Tables 7-2
and 7-3 the independent variables into which the item was
broken and the percentage variations entered
in
the
calculations.
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DESCRIPTION OF EXPENSE

INDEPENDENT VARIABLES

VARIATION

Low

High

-10.0

+10.0

A) Maintenance and Other
Expenses

Operation and Mainten
ance Cost ($)

B) Carrying Cost of Capital
Cooling Tower

Capital Cost of Cooling
Tower ($)
- 7.0
Fixed Charge Rate
(%/yr) (,)

C) Cost of Replacing
Deficient Energy
(Annual Derating)

4.2

+ 7.7

Average Annual Derating -10.0
Fuel Oil Cost (S/mmBTU) -30.2
Indian Point 2 Capacity

+10.0
+39.5

-

Factor (%)

D) Carrying Cost of Capital
Replacement Capacity
(Peak Derating)

Peak Annual Derating
(MW)
Capital Cost of Gas
Turbines ($)
Fixed Charge Rate

A

range

of

(-7%,

+ 3.1

-10.0

+10.0

6.5

+ 3.2

-

4.2

+ 7.1

Duration of Cut-in
-14.3
(mths)
Fuel Oil Cost ($/mmBTU) -30.2
Indian Point 2 Capacity
Factor (%)
7.7

+28.6

F) Firm Purchase for
Firm Purchase Cost ($)
Replacement Capacity for
Plant Down Time to Cut
in Cooling Tower
C*)

- 7.7

-

(%/yr) (,)

E) Replacement Energy for
Plant Down Time to
Cut-in Cooling Tower

+13%)

was

used

parameters of the fixed charge rate.

for

-43.4

individual

The variances of the independent variables were combined
using standard statistical techniques for multivariable
functions. See, for example, "Applied Statistics for
Engineers" by William Volk (McGraw-Hill, 2nd Edition)

7.1.2.1

MAINTENANCE AND OTHER OPERATING EXPENSES

Cooling tower operating and maintenance costs have been
estimated based on industry experience. The estimates are
escalated by 5% per year compounded to reflect anticipated
increasing costs of labor and materials.
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+13.0

+39.5
+ 3.1

+13.0

7.1.2.2

CARRYING CHARGES ON ADDITIONAL

CAPITAL

FOR

THE

COOLING TOWER SYSTEMS
An annual carrying charge is computed as the sum of the
following factors: depreciation, return on invested capital,
federal income tax, allowance for replacements, insurance,
property taxes and gross revenue tax (see Table 7-4 for
annual levelized Fixed Change Rate (FCR)).
The total capital costs of the cooling tower system are
depreciated using the straight line depreciation method.
An annual rate of return is computed based on Con Edison's
capital structure which consists of approximately 53% debt,
13% preferred stock and 34% common stock. The 12%/year cost
of capital, (see Table 7-5), results in a levelized rate of
return charge of 8.15/yr over the recovery period for the
cooling tower and 7.8%/yr for gas turbines.
In calculating revenue requirements, it is necessary to
the
in
tax
include a component for federal income
determination of a carrying charge rate. This calculation
also takes into consideration the fact that interest on debt
is deductible for federal income tax purposes while earnings
For
earmarked for preferred and common stock are not.
Federal Income Tax purposes, equipment is depreciated using
the sum-of-years-digits technique. A job-development credit
tax write-off, equivalent to 4% of book cost of the
installed equipment, is also taken into account. These
result in a percentage charge of 1.3%/yr for the cooling
tower and 1.5%/yr for gas turbines.
Allowance for replacement is an annual average figure, not
included in the annual depreciation rate, to cover periodic
replacement of components to maintain an asset in good
working condition. Experience indicates that an allowance
of 0.5% of capital costs per year would be a reasonable
figure for this item.
Provisions must also be made for the increased premium for
property insurance which will be paid on the increased value
represented by the cooling tower and gas turbines. This has
been estimated by dividing the total present insurance
charged by the book cost of the plant, resulting in a rate
of 0.3%/yr.
The carrying charges should also include a factor for
This has been
property taxes allocable to this addition.
computed on the basis of the annualized rate of property
taxes Con Edison has paid for Indian Point to the Town of
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TABLE 7-4
ANNUAL LEVELIZED CARRYING CHARGES
(AS A PERCENT OF CAPITAL COST)

COOLING TOWER
GAS TURBINE
(AT INDIAN POINT NO. 2) (AT INDIAN POINT)

Return

8.1

7.8

Depreciation

3.1

4.0

Federal Income Tax

1.3

1.5

Property Taxes

2.2

2.2

Sub-Total

15.5

16.3

Gross Revenue Taxes

1.0

-1.1

Total Fixed Charges

16. 5

Allowance for Replacements
Insurance
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TABLE 7-5
ESTIMATED COST OF CAPITAL

CAPITALIZATION
RATIO %

NOMINAL
COST %/yr

EFFECTIVE
COST %/yr

Debt

53

11.000

5.83

Preferred Stock

13

11.000

1.43

Common Stock

34

14.000

4.76

100

12.02

Rounded out to 12.0
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Cortlandt and the Village of Buchanan in Westchester County,
divided by the average book cost of the plant. This results
in a factor of 2.2%/yr for facilities located at Indian
Point.
The gross revenue tax is a 6.1% tax on the revenues received
by Con Edison. It is composed of state and local gross
receipts taxes and of a state public utility excise tax.
Since the tax is levied on all revenues received by Con
Edison, an allocation for the tax is included in all
components of the revenue requirement necessitated
by
installation of a closed-cycle cooling system.

7.1.2.3

COST OF REPLACING DEFICIENT ENERGY

The computation of incremental annual charges includes the
cost of the derating imposed upon Indian Point Unit No. 2 by
the cooling tower. Two types of derating are involved.
One type of derating is an average annual energy derating as
a consequence of (a) additional energy required to operate
circulating pumps and other auxiliary equipment and (b) high
turbine backpressures
associated
with
heat
transfer
characteristics of the cooling tower as compared to once
through cooling.
The cost of the derating is the cost of obtaining electric
energy to compensate for the derating. In this analysis,
the alternative source of energy is assumed to be from
within the Con Edison system. This cost estimate is based
upon the cost of fuel for the energy necessary to replace
the energy that was anticipated from Indian Point Unit No.
2. This energy is conservatively assumed to be supplied
through additional operation of base load oil-fired steam
generators within the Con Edison system, resulting in an
incremental operating cost of approximately 30 mills per
kilowatt hour for fuel in 1982, escalating in future years.

7.1.2.4

CHARGES ON ADDITIONAL CAPITAL FOR REPLACEMENT GAS
TURBINE CAPACITY

A second type of derating is the loss of peak generating
capacity which otherwise would have been available to meet
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Peak system demands and the
Con Edison's peak loads.
maximum loss of generating capacity due to the cooling tower
normally occur during the summer's hottest, most humid
weather, making it necessary to install new capacity to
cover this derating in order to maintain system reliability.
for this replacement generating
source
cheapest
The
capacity, from the point of view of overall system cost,
would be *the installation of gas turbines at an estimated
capital cost of approximately $325 per KW, installed in
1982.
The cost of this replacement capacity is the carrying charge
on the capital cost of the gas turbines (Table 7-4). The
inclusion of this item in the estimate does not mean that
Con Edison will necessarily install these gas turbines when
the cooling tower comes into service. It reflects the loss
of reliability corresponding to the peak derating, which
loss must be taken into account in a cost-benefit analysis.
The cost of any operation of the gas turbines is not
included within this item because the cost of energy to of f
set the derating of Indian Point Unit No. 2 is included
above under Cost of Replacing Deficient Energy.

7.1.2.5

REPLACING ENERGY FOR PLANT DOWNTIME

Indian Point Unit No. 2 would not operate during the seven
month period required for the cut-in of the closed-cycle
cooling system. It was assumed that a normal refueling of
two months' duration would take place during this period,
and the additional expenditure corresponding to replacement
energy during the cut-in period was taken over the remaining
The cooling tower cut-in will affect the
five months.
refueling schedule for the unit which will induce a change
in the maintenance schedules for the other units on the Con
Edison system. To account for this, an analysis of system
operation for the four* year period from 1981 to 1984,
inclusive, was performed to estimate the total cost of
operating the electric system with and without the cooling
tower cut-in outage. The analysis assumed that the energy
not generated by Indian Point Unit No. 2, and other units on
the system, because of the cut-in and its effects, would be
replaced by additional operation of other plants on the Con
Edison system together with some increase in the dispatch of
capacity already under firm purchase contract from other
utilities.
The decrease in direct
fuel
expenditures
resulting at Indian Point Unit No. 2 during this period was
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also taken into account. After 19841, the residual impact on
the operation of the system is insignificant.
The additional production expenses which result from the
outage of Indian Point Unit No. 2 for cut-in of the cooling
tower are determined by simulating the operation of the Con
Edison system with and without the outage. Energy that
would have been generated on Indian Point Unit No. 2 during
the outage period would have to be generated on other
electric generating facilities. To the extent that these
facilities have higher fuel, operation and maintenance costs
this results in a net increase in overall system production
costs, taking into Account the savings from Indian Point
Unit No. 2 fuel unused during the cut-in. In calculating
this overall cost, consideration is given to forced outage
characteristics of the Con Edison
unavailability
and
system's units, to scheduled maintenance, to individual
unit's operating characteristics (fuel cost, heat rate,
operation and maintenance expense, etc.), to projected load
to
new capacity
costs,
of
escalation
to
growth,
installations, and to firm purchases.

7.*1.2.6

RELIABILITY IMPACT OF INDIAN
OUTAGE

POINT

UNIT

NO.

2

The outage for the cooling tower cut-in, May 1, 1981 to
December 1, 1981, encompasses the summer peak load period
(June 15 through September 15) and, therefore, reduces the
reliability of service during the critical time of the year
of load supply. In order to maintain equivalent reliability
for the summer period it is assumed that a firm purchase of
gas turbine capacity can be negotiated for the summer
capability period to maintain the same system reliability as
if the unit were in service.
While there is no assurance that neighboring utilities would
have excess capacity available to sell on a firm basis, this
assumption has been made to reflect the minimum cost impact
on the system's reliability. Previous reports have used as
the
basis
for this reliability penalty the cost of
installing new gas turbines on the Con Edison system. While
this still remains the most economical method of assuring
the same degree of reliability through the.1981 summer, the
potential for obtaining this capacity on a firm purchase may
exist, and it was selected as an index of the cost of
maintaining system reliability at the level which would
prevail with Indian Point Unit No. 2 in service.
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The cost attributable to this purchase was obtained by
cost and financial
estimated
average
the
utilizing
parameters applicable to a gas turbine installed in New York
These
State in 1981 (250 $/KW and 20.5%/yr levelized FCR).
different from those which
are
parameters
financial
characterize the gas turbines assumed to be installed at the
Indian Point Station to make up for the peak capacity
derating (see Section 7.1.2.4) as these parameters are based
on the average conditions of the New York State utilities,
from which the firm purchase would originate. The expected
capacity charges (sum present-worth and levelized) are shown
on Line F of Table 7-2 and 7-3, respectively.
It cannot be determined at this time precisely what action
Con Edison will take with respect to this loss of capacity
Regardless of what action is taken, the loss of
in 1981.
reliability must be considered in any cost-benefit analysis
and that is the basis for inclusion of Line F on Tables 7-2
and 7-3.

7.1.2.7

INCREMENTAL GENERATING COSTS FOR THE COST-BENEFIT
ANALYSIS

The cost-benefit analysis accounts for the impacts on
society of the construction and operation of the cooling
tower. However, some of the cost parameters included in the
computation of the revenue requirements are considered by
many economists to be transfer payments which should not be
included in the cost-benefit analysis. While the components
of the cost which are considered to be transfer payments
will increase the cost of electric service, they represent
an exchange of funds from one segment of the economy to
another without a net change in societal welfare. Con
Edison will now'omit these transfer payments from the cost
benefit analysis in this report in accordance with the
recommendations of its economic consultant, McThematica,
Inc.
(See Chapter VII of the Cost Benefit and Decision
Analysis Study (Appendix A)).
The gross revenue taxes, which are included in
each
parameter
in
the
incremental
generating costs, are
considered to be transfer payments. The carrying costs of
capital for the cooling tower and for replacement capacity
contains a factor for the property taxes. This tax is also
a transfer payment and excluded from the carrying cost of
capital for the cost-benefit analysis.
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Table 7-6 contains the present worth
incremental
generating costs used in
analysis.

7.*2

in 1977 of the
the cost-benefit

METHODOLOGY FOR QUANTIFYING NOISE IMPACTS

The construction and operation of a natural-draft. cooling
tower will increase noise levels in the vicinity of the
Indian Point Generating Station. This noise impact has been
discussed in Section 5.1.1 of this report.
in quantifying
this environmental impact in monetary terms, the social cost
of the- increased noise level is assumed to be approximated
by the resulting decrease in residential property values.
The
methodology
for quantifying the noise impact is
discussed in detail in Chapter VI of the Cost Benefit and
Decision Making Study (Appendix A).
The value of a noise free environment is reflected in the
relationship between the price of residential property and
the noise level in which the property is located. Three
studies of the impact of aircraft noise on the value of
residential property were evaluated to estimate the impact
of noise from the cooling tower on the value of residential
properties
in
the vicinity of the plant.
Upon the
evaluation of these reports, it was determined that the
noise level changes reported by the studies were similar*to
the noise level changes anticipated from the natural-draft
cooling towers.
The impact of increased noise levels in monetary terms was
evaluated by estimating for each year of the study the
increase in noise level above 55 Ldn for each section in the
vicinity of the plant, the number of residences per section,
and the relationship between increase in noise level and
residential property value. The increase in noise level has
been discussed in section 5.1.1 of this report. An analysis
of the current number of residences for each section and a
projection for the increase in the number of residences each
year over the life of the tower was performed. The airport
studies indicate that the decrease in residential property
value for every Ldn increase in noise level is approximately
$200 per residence. The impact in monetary terms for each
residence is the product of the increase in the Ldn level
and the decrease in residential property value for noise
level increase in Ldn. This cost is calculated for each
section based on the number of residences in the section in
the year being analyzed. These costs are present worthed at
the social discount rate to the beginning of the study,

7-19

Table 7-6 contains the present worth
incremental
generating costs used in
analysis.

762

in 1977 of the
the cost-benefit

METHODOLOGY FOR QUANTIFYING NOISE IMPACTS

The construction and operation of a natural-draft. cooling
tower will increase noise levels in the vicinity of the
Indian Point Generating Station. This noise impact has been
discussed in Section 5.1.1 of this report.
In quantifying
this environmental impact in monetary terms, the social cost
of the increased noise level is assumed to be approximated
by the resulting decrease in residential property values.
The
methodology
for quantifying the noise impact is
discussed in detail in Chapter VI of the Cost Benefit and
Decision Making Study (Appendix A).
The, value of a noise free environment is reflected in the
relationship between the price of residential property and
the noise level in which the property is located.
Three
studies of the impact of aircraft noise on the value of
residential property were evaluated to estimate the impact
of noise from the cooling tower on the value of residential
properties
in
the vicinity of the plant.
Upon the
evaluation of these. reports, it was determined that the
noise level changes reported by the studies were similar to
the noise level changes anticipated from the natural-draft
cooling towers.
The impact of increased noise levels in monetary terms was
evaluated by estimating for each year of the study the
increase in noise level above 55 Ldn for each section in the
vicinity of the plant, the number of residences per section,
and the relationship between increase in noise level and
residential property value. The increase in noise level has
been discussed in section 5.1.1 of this report. An analysis
of the current number of residences for each section and a
projection for the increase in the number of residences each
year over the life of the tower was performed. The airport
studies indicate that the decrease in residential property
value for every Ldn increase in noise level is approximately
$200 per residence. The impact in monetary terms for each
residence is the product of the increase in the Ldn level
and the decrease in residential property value for noise
level increase in Ldn. This cost is calculated for each
section based on the number of residences in the section in
the year being analyzed. These costs are present worthed at
the social discount rate to the beginning of the study,
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TABLE 7-6

INCREMENTAL GENERATING COSTS FOR COST-BENEFIT ANALYSIS
FOR CLOSED-CYCLE COOLING AT INDIAN POINT UNIT NO. 2

DESCRIPTION
OF EXPENSES

a) Maintenance and
Other Operating
Expenses

PRESENT WORTH (1)
BEST EbTIDATE
LOW ESTIMATE-

-

$
HIGH ESTIMATE

3,456,000

3,841,000

4,216,000

129,901,000

140,748,000

160,499,000

c) Cost of Replacing
Deficient Energy
(Annual Derating)

54,941,000

81,114,000

113,891,000

d) Carrying Cost of
Capital for Replace
ment Capacity
(Peak Derating)

26,365,000

29,905,000

33,296,000

e) Replacement Energy
for Plant Downtime
to Cut-in Cooling.
Tower

28,592,000

43,497,000

64,778,000

f) Firm Purchase for
Replacement
Capacity for Plant
Downtime to Cut-in
Cooling Tower

6,923,000

12,232,000

13,823,000

b) Carrying Cost of
Capital for
Cooling Tower

(1)

Base Year 1977
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1977, and represent the total economic cost of the noise
impact of the cooling tower.

7.2.1

QUANTIFICATION OF NOISE IMPACTS

As indicated in Section 5.1 of this report, there will be an
increase in noise level in some sections in the vicinity of
the Indian Point Generating Station. Based upon estimates
of the noise level increase, the number of residences in the
vicinity of the plant and the reduction in value for each
unit increase in noise level, an estimate of the economic
impact of noise was determined. The best estimate of the
economic impact of noise emanating from the natural draft
The
1977).
cooling tower is $178,000 (sum present worth high estimate of the economic impact of noise estimate,
based upon a higher estimate of the noise level and the
number of new residences over the life of the plant, is
For the purpose of
S$490,000 (sum present worth - 1977).
this analysis, the low estimate of the monetary value of the
noise impact is that there will be no economic impact. The
monetary valuation of tower noise emissions was based on a
linearized model which is, at this time, considered to be
substantially conservative (i.e. predict monetary impacts
higher than those likely to occur).

7.*3

METHODOLOGY FOR QUANTIFYING INDUCED FOG AND ICING

Fog and ice induced by operation of a natural-draft cooling
tower at Indian Point Unit No. 2 is discussed in Section
5.2.3 of this report. The primary impact of fog and ice is
found
in
its effects upon ground, river and aerial
transportation.- A methodology for quantifying the economic
cost of fog and ice is discussed in detail in chapters III
and IV, respectively, of the Cost Benefit and Decision
making Study (Appendix A).
Since the impact of fog and ice
induced by operation of a natural-draft cooling tower is
minimal, the methodology is not described in this report.
Application of the methodology revealed that the low and
best
estimates of the impact in monetary terms were
negligible and the high estimate was only $2,000, sum
present worth in 1977.
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7.41

METHODOLOGY'FOR QUANTIFYING
TOWER DRIFT

EFFECTS

OF

COOLING

The- operation of a natural-draft cooling tower at Indian
Point unit No. 2 will locally increase the concentration of
airborne salt particles and deposition of salt. The extent
of this increase in salt deposition and its effect on
vegetation is contained in Section 5.2 of this report. The
methodology for quantifying the effects of cooling tower
salt drift on vegetation is presented in Chapter V of the
Cost Benefit and Decision making Study (Appendix A).
Injury to vegetation from the cooling tower operation is
Based upon the
primarily by salt deposition.
caused
analysis contained in Section 5.2 of this report, an
estimate of the number of injured dogwood, hemlock and white
ash trees was derived. Since the weather conditions which
lead to vegetation injury are not likely to occur every
year, the modeling of the number of trees injured by salt
deposition assumes that trees will only be injured in two
years out-of every five year period.
The methodology for determining the economic impact-of salt
deposition is based upon the cost of replacing !the injured
trees at the wholesale price in the year of injury. The
wholesale price of trees depends on both the species and
size of the replacement trees. The replacement value for
each species was based on a reasonable estimate of the size
of the replacement tree. This value may underestimate the
value of the injured tree if the
injured -tree
is
significantly larger than the replacement tree, or may
overestimate the value of the injured tree if the injured
tree has passed its prime of life and therefore its life
expectancy is significantly less than the replacement tree.
Taking into account these factors, the following replacement
sizes and values are considered reasonable estimates of the
value of any injiired trees:

Tree Type
Dogwood
Hemlock
White Ash

Size
10-12 feet
8-10 feet
14-18 feet

Minimum
Replacement
Cost

$150
$150
$250

These cost estimates will be escalated annually to account
for inflation.
The best estimate of the number of trees
injured is that over the life of Indian Point Unit No. 2 an
average of 35 dogwoods, 113 hemlocks and 10 white ash may be
injured each year in which any injury is expected to occur
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in the vicinity of the Indian Point Generating Station.
This estimate includes only trees considered as ornamental
growing in developed areas, and assumes that injury will be
sufficient to incur the replacement cost. These costs are
present worthed at the-social discount rate to the beginning
of the study, 1977.

7.4.1

QUANTIFICATION OF THE EFFECTS

OF

COOLING

TOWER

DRI FT
The best estimate- of the economic impact of salt drift on
vegetation was determined to be $259,000
(sum present
The value of the impact of salt drift on
worth 1977).
vegetation indicated that it is potentially the
most
significant of the monetized environmental impacts due to
operation of a natural-draft cooling tower.
The
low
estimate of monetized cooling tower drift is $178,000 while
the high estimate is $519,000, (sum present worth in 1977).

7.5

SUMMARY

The analysis of the-economic impact of the installation of a
natural-draft cooling tower system at Indian Point Unit No.
2 indicates that, in addition to the substantial costs for
construction and operation of the tower, the economic value
of the environmental impacts of the operation of the tower
are also significant. The actual cost associated with the
operation of the cooling tower is higher than indicated in
this report because of
the
inherent
difficulty
of
quantifying environmental effects such as the aesthetics of
the tower.
As discussed in Section 3.1 of this report, the low, best
and high estimates of the impact in monetary terms of the
construction and operation of the cooling tower may be
summed to provide an estimate of the range of costs of the
cooling tower. The sums of the low and high estimates of
the impact do not represent the range of the 90% confidence
interval of the total cost of the tower, but rather, as
explained in Section 3.1, the range of a confidence interval
greater than 90%.
Table 7-7 contains a summary of the
quantifiable economic and environmental costs of the cooling
tower.
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TABLE 7-7
SUMMARY OF QUANTIFIABLE IMPACTS OF A CLOSED-CYCLE COOLING SYSTEM
(SUM PRESENT WORTH - 1977)

PHYSICAL
IMPACT

a)

b)

c)

d)

e)

f)

Maintenance and
other operating
expenses

LOW

EST IMATE

BEST
ESTIMATE

-

$

ESTIMATE

3,456,000

3,841,000

4,216,000

Carrying Cost of
Capital for
Cooling Tower

129, 901, 000

140, 748,000

160,499, 000

Cost of Replacing
Deficient Energy
(Annual Derating)

54,941,000

81,114,000

113,891, 000

Carrying Cost of
Capital for Re
placement Capacity
(Peak Derating)

26, 365,000

29,905,000

33,296,000

Replacement Energy
for Plant Downtime
to Cut-In Cooling
Tower

28, 592,000

43,497,000

64,778,000

12, 232,000

13,823,000

Firm Purchase for
Replacement Capacity
for Plant Downtime
to Cut-In Cooling
Tower

g)

Noise Impacts

h)

Induced Fog and
Icing

6,923,000

178 ,000

490 ,000

2,000

i)

Drift

178,000

259,000

519,000

j)

Total

250, 356, 000

311, 774, 000

391, 514,000
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These costs represent part of the benefits to society of
granting this amendment for application of the license and
are used in the analysis of
the
preferred
cooling
alternative contained in chapter 8. As indicated in Table
7-7, the best estimate for societal cost of the closed-cycle
cooling system is approximately $311,800,000 (sum present
worth - 1977).
The range on this cost is from approximately
$250,'400,000 to over $391,500,000 (sum present worth
1977). The cost of the closed-cycle cooling system can also
be considered as a benefit of not constructing the closed
cycle cooling system, since these costs would, in that case,
be saved.
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CHAPTER 8
SUMMARY COST-BENEFIT ANALYSIS

In

previous chapters of this report, certain environmental
effects of both the existing river cooling system and the
alternative closed-cycle cooling system were computed 'and
expressed in monetary terms. Some of the effects of the two
alternate cooling systems were not reduced to monetary
terms, either because the effect was not substantial or
because no methodology is available to reduce that effect to
an eguivalent monetary value. This chapter summarizes the
costs of the two cooling systems in monetary and qualitative
terms and identifies the preferred system for long-term
operation at Indian Point Unit No. 2.

*8.1

COMPARISON OF ALTERNATIVES

Costs of Granting Prpoed Amendment
The best estimate of the net present worth in
1977 dollars
of the costs associated with continued operation with the
existing once-through cooling system is
$1.447 million.
This monetized environmental cost is based on the long-term
impact of the plant's river circulating water system on the
striped bass Atlantic coastal
fishery as described in
Section 4.4.
The fishery cost is
a. composite of costs
resulting from a reduction in the striped bass commercial
and sports fisheries. Costs that might be incurred if large
reductions in the striped bass population were to occur were
not included in this analysis, since, as indicated in
Section 4.4 and the FRR, the expected population reductions
are no more than a few percent.
All other environmental impacts of the once-through
system
were not evaluated in monetary terms.' These impacts were
primarily minor reductions in equilibrium population levels
of other fish species such as the white perch and the
Atlantic tomcod
(see Section 4.4.4&).
As discussed in
Section 4.4.4, it. was determined that because the various
other species were not significantly susceptible to plant
operations and because, in some cases, the other species had
little commercial or sports value, the inclusion of these
effects on such species in monetary terms would not affect
the outcome of this analysis. Finally, after consideration
of possible non-fishery impacts of the once-through system,
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it was determined
quantification.

that

no

such

other effects warranted

,..Costs of Denying Proposed Amendment
The best estimate of the net present worth in 1977 of the
monetary cost associated with construction and operation of
a hyperbolic cooling tower system is $311.8 million.
This
estimate includes the incremental generating costs of the
tower to society, and the monetized impacts of tower salt
drift on vegetation, tower noise emissions on property
values and tower-caused fog on transportation modes.
Of the other environmental effects of the natural draft
system,
the most substantial is the visual/aesthetic impact
resulting from the large hyperbolic structure and its
dynamic moist plume. While no means has been developed to
quantify this impact in monetary terms, it is nevertheless a
substantial factor in comparing the two alternate cooling
systems,
because of the large resident and transient
population viewing the tower, and because of the scenic
quality of the Hudson River Valley in the Indian Point
region (see Section 5.1).
In addition to the visual/aesthetic impact of the tower
system, other potential effects were analyzed but not
reduced to monetary values. These other effects include the
tower effects on migratory birds, salt drift effects on
exposed
surfaces,
climatic impacts and tower thermal
discharges which were determined not to be substantial costs
of denying the proposed amendment.
Net Benefit of Granting Amendment
The monetized costs of granting the requested amendment are
$1.447 million as a result of plant impact on the Atlantic
Coastal striped bass fishery. Monetized costs of denying
the proposed amendment are $311.8 million, largely as a
result of the incremental generating costs associated with
construction and operation of the tower. The resulting net
benefit to society of granting the amendment is
$311.8 million

The benefit-cost
approximately
311.8

ratio
=

-

$1.447 million = $310.4 million

for

215

1.447
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the

proposed

amentment

is

a
Considering the effects which have been monetized,
proposed
the
if
society
to
substantial net benefit accrues
amendment is granted. when consideration is given to the
impacts of the proposed action which have not been monetized
(Table 8-1 provides a summary) an even greater net benefit
to society appears. As indicated in Table 8-1 under the
heading "Qualitative", effects of the once-through cooling
system which have not been monetized are either negligible
(approach zero) or insignificant (of little or no concern).
Under the same heading for the natural draft system, in
to those effects which are characterized as
addition
negligible or insignificant, the visual/aethestic impact has
Thus,,
been evaluated as being of significant concern.
balancing the qualitatively assessed factors in Table 8-1,
it is evident that the visual/aesthetic impact further
shifts the net benefit of the proposed action so as to
warrant granting the requested amendment.

8.2 DECISION ANALYSIS
As described in Chapter 3, the decision analysis methodology
the
can be used to analyze the uncertainty inherent in
the
of
effects
quantification of economic and environmental
such
of
alternative cooling systems, and the effect
uncertainties on the decision to select one alternative as
prefeitred. In Section 8.1 it is shown that based on best
estimates of the net costs and benefits of the proposed
action, the preferred cooling system for Indian Point Unit
The
system.
once-through
existing
the
is
2
No.
uncertainties associated with the quantification of the
of alternative cooling systems is discussed in
Costs
these
of
effect
potential
The
Chapters 6 and 7.
uncertainties on the decision not to install a natural draft
cooling tower has been analyzed using the decision analysis
methodology.
The evaluation of uncertainty inherent in the quantification
of the plant impact of the striped bass fisheries revealed
that the highest estimate of the impact of the existing
cooling system is $1,9341,000, sum present worth in 1977 (see
Figure 8-1). Similarly, the analysis of uncertainties in
the estimate of the cost of the natural draft cooling tower
system indicates that the lowest estimate of the impact of
construction and *operation is $250,400O,000, sum
tower
This analysis
(see Figure 8-1).
present worth in 1977
demonstrates that the selection of the existing once-through
cooling system as the preferred cooling system is not
sensitive to these uncertainties. on Figure 8-1 the branch
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TABLE 8-1

COMPARISON OF ALTERNATIVE COOLING SYSTEMS COSTS

Description of Imjpact

ONCE-THROUGH COOLING SYSTEM

NATURAL DRAFT COOLING TOWER

Quantitative

Quantitative

Qualitative

$358,356,000

Construction & Operation Costs
Cooling System Impact
- on Striped Bass Fisheries
- on Fish Populations
- of Plant Operation on
.Aquatic Biota Other
than Fish
- of Chemical Discharges
on Aquatic Biota
- of Thermal Discharges on
Aquatic Biota
- of Rpdioactive Chemical
Discharges on Aquatic
Biota
on Visual/Aesthetic
Sensibilities

$1,447,000
Insignificant

Negligible

Insignificant

Negligible

Insignificant

Insignificant

Insignificant

Negligible

Insia nificant

Insignificant

Negligible

Significant

-

of Noise

178,000

-

of Fogging and Icing

0

-

of Salt Drift on

259,000

Vegetation
-

of Salt Drift on

None
Negligible
None
None
None

Pronerty
-

on Climate

-

of Plume Interaction
on Migratory Birds
on Fuel Consumption Policy

TOTAL

Qualitative

$1,447,000

INSIGNIFICANT

Insignificant
Negligible
Negligible
Negligible
Some
$311,800,000

SIGNIFICANT

HIGHEST

MOST
PROBABLE

LOWEST

H IGHEST

MOST
PROBABLE

LOWEST

FIGURE 8-I
DECISION
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TREE

39 1,500,000

$3 11,800,000

$ 250,400,000

1,934,000

S1,447,000

$ 917,000

of the simplified decision tree labeled "Most Probable"
represents the monetized costs utilized in the comparison of
alternative cooling systems on Table 8-1.
In summary, in this case the decision analysis indicates
that given the data and conclusions on environmental and
economic impacts described in the FRR and this report, there
is no set of reasonable circumstances under which a decision
to install closed-cycle cooling would be warranted.
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CHAPTER 9
ENVIRONMENTAL APPROVALS
In order to continue operation of-Indian Point No. 2 with
the once-through cooling system, Con Edison must obtain the
As
approval of the U.S. Environmental Protection Agency.
indicated in Section 1.2, EPA. will bold an adjudicatory
hearing to determine if closed-cycle cooling is required
under the Federal Water Pollution Control Act. Dates for
that hearing have not yet been set.
Under present law, the approval of both the NRC and EPA is
required to continue operation with the once-through cooling
system.
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I.

INTRODUCTION

This report presents the methodology and associated models that
provide a means of performing cost-benefit and decision analyses of
various alternative cooling systems for electric utility plants along the
Hudson River.

The project was supported jointly by Consolidated Edison

of New York, Orange and Rockland Utilities, Central Hudson Gas and
Electric, and the Power Authority of the State of New York, all of whom
operate electric generating plants on the Hudson River.
The project was carried out under the overall direction of
Dr. L. Daniel Maxim.

Contributing to the effort were Dr. Thomas Crabill,

Mr. Peter Dormont, Mr. Mark Gordon, Dr. Leigh Harrington, and
Dr. Arlo Hendrickson of the MATHEMATICA staff.

Economic consultants

were Dr. Edwin Mills, Princeton University, Dr. Ralph d'Arge, and
Dr. Frederick Blank, University of Wyoming.
1.

Purposes of the Study'
The objectives of this study are to:
*

Specify methods for evaluating environmental impacts of
cooling tower alternatives in economic terms and estimate
relevant parameters for the cost equation.

*

Incorporate the analytical cost expressions in models that
allow for the simultaneous evaluation of costs and benefits
of cooling tower alternatives at three different power plant
locations on the Hudson River.

The model allows for multipte

towers at each of the three locations.
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* Develop a methodology and a model for performing decision

analysis to deter mine the effect o f uncertainties in cost and
benefit estimation.
*

This model is called MATHTREE.

Provide expert economic opinions on various issues of
cost benefit analysis, including the treatment of taxes and
return on investment, appropriate discount rates, and
the use of benefit/cost criteria.

o

Provide technical documentation and a users guide for
each of the models.

The report is organized into nine chapters, the first giving an
overview of the purposes of the study and some background on the reasons
for the study.

Chapters II through VIII each discuss a specific environmental

or economic impact associated with cooling system alternatives.

The

specific methods of calculating costs that are incorporated in the COST
BENEFIT model are discussed in these chapters.

Chapter IX discusses

decision analysis and its application to cost-benefit analysis.

Finally,

the choice of criterion to be used in cost-benefit analysis is discussed in
the Appendix.
2.

The Framework of Cost Benefit Analysis
Cost benefit analysis is a method of comparing disparate effects

arising from a particular course of action with the costs incurred to take
that course of action.

The action is usually considered only when there

is some chance that its beneficial effects will outweigh its costs.

In general,

one can consider a set of alternative actions, in which case the problem is
to select one or more of these actions.

In addition, there may be constraints

on how many of the alternatives can be selected.

A major problem in comparing the costs and benefits of a course
of action is that these measures must be made with a common yardstick.
The standard economic approach is to evaluate each effect in monetary,

dollar, terms.

or

To account for the time value of money the dollar amounts

are discounted to a present value at a selected base year.

The selection

criterion for choosing among alternative projects is to select that course
of action that yields the greatest net benefit.1./

SimpLy stated the present value of the benefits minus costs (net
benefit) of a course of action is given by
N

where

NB

=Z

B

=

t

Ct
01

N

(B -

t)at

the dollar amount of the benefits in year

= the dollar amount of the costs in year

=

t

t

1/(l± p ) where p is the discount factor.

= the number of years over which the present value

is calculated.
In this formulation year

I is considered the base year.

It is standard

economic practice that both benefits and costs are discounted at the

same rate as in the above formula.

If there is more than one possible

course of action, the above calculation is made for each of the actions.

If

in addition one and only one of the actions must be selected, the one with
the Largest net benefit or the Largest benefit/cost ratio may be selected.
The choice of criterion is discussed in detail in Appendix A of this report.

In this study the consideration of installing a closed-cycle cooling sys
tem as an alternative to a once-through cooling system for a generating plant's
condensers arises at some plants on the Hudson River.

Once through cooling

may impact aquatic biota by impingement of fish on the intake screens, by
entrainment of fish eggs and icthyoplankton which pass through the screens
and by heating the water of the receiving body.

Closed-cycle cooling

systems, such as cooling towers, do not eliminate environmental impacts,
they alter the incidence of impacts.

The entrainment and impingement of

aquatic life and the heating of the water of the receiving body is reduced
when the quantity of water withdrawn from the river is reduced by the
operation of a closed-cycle cooling system.

Heat is instead added to the

atmosphere, moisture which may condense as fog or cause icing is also
added,

salt drift occurs, noise levels may be raised, and aesthetic impacts

occur including a plume and perhaps the tower itself.

In addition, there

are significant direct costs associated with the construction and operation of
the closed cycle cooling system including capital costs, cost of lost capacity
during cutover, and cost of deratings due both to less efficient plant opera
tion and auxilliary power requirements of the towers.

Thus the central

question is whether the reduced impact on aquatic life is worth all of the
other costs.

The purpose of this study is to provide this determination.

Before we turn to the question of how to convert environmental effects into
monetary terms, we discuss an important issue that is often raised in
regard to cost-benefit analysis:

Whose benefits and whose costs?

I~t often happens that in public or publicly regulated investments,
costs and benefits are incurred by different groups of people,

and the

groupings may be different for different possible courses of action.

Cost

benefit analysis takes no account of who benefits and who p2ays the costs.
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It

Economists express this

adds benefits and costs to whomever they accrue.

by saying that cost benefit is an efficiency criterion, not an equity criterion.
If a project is chosen on the basis of a cost-benefit analysis, it means that
total benefits exceed total costs.

There may be, in principle, some way of

distributing benefits and costs so that everyone affected is made better
off by the project, but in practice there are Likely to be both gainers and
losers from a project chosen by cost-benefit analysis.
Often, no practical way exists to compensate Losers, and sometimes
no compensation is attempted, even if it could be done.
public policy often introduces equity consideration.
for example, that:

In such cases,

The decision may be,

"iEven though benefits exceed costs for this project,

some people will lose if it is undertaken, and the losers are especially
deserving people,

so the project will not be undertaken."1

Equity may entail

that a project chosen on cost-benefit grounds not be undertaken.
not mean that cost-benefit is wrong or defective.

This does

It does mean that

considerations not taken into account by it may be important.

In such cases,

it has the advantage of forcing public policy to state clearly which groups
of people- it wants to give preferential treatment.
Equity considerations arise most frequently with projects chosen
on cost benefit criteria for which some costs are paid by Low income
people and many benefits are received by relatively high income people.
In such cases, public policy sometimes says that it is unwilling to impose
costs on the poor even though benefits to the non-poor exceed the costs
imposed on the poor.
At the generating plants on the Hudson River the equity issue arises
because the capital and operating costs of an alternative would be borne by

the utilities'

customers and, possibly, their shareholders,

whereas the

positive and negative environmental effects would be received by groups
-which include people other than the customers and shareholders.

In the

absence of information that one or the other of these different groups is
to be favored,

the cost benefit analysis must be carried out without regard

as to who receives the benefits or bears the costs.
To perform the cost benefit analysis of cooling tower scenarios,
MATHEMATICA has developed methods of converting the environmental
effects of cooling towers into monetary amounts.

This methodology has been

incorporated in models enabling the calculation of the costs and benefits of a
cooling tower scenario.
3.

The model is discussed in the next section.

The COST BENEFIT Model
The COST BENEFIT model is designed to calculate costs and

benefits for alternative cooling systems at any or all of the three Hudson
River plant sites.

Monetized costs (or benefits) are calculated for the

following environmental impacts:
0

impacts on the Hudson River striped bass fishery

0

impacts of fog

0

impacts of ice

0

impact of salt drift

0

impacts of noise.

The economic values of these effects are combined with direct economic
costs such as initial investment and operating and maintenance costs to
arrive at a total net benefit (benefit less cost).
also computed.
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Benefit cost ratios are

The models and cost parameters described in this report are based
on the availability of previously published cost and impact data.
data is the best available.

The cost

In evaluating the economic loss of an, environ

mental impact, the ideal measure is that of consumer surplus, which is
Computing consumer surplus requires that one obtain

defined in Chaper II.

a measure of the "worth" of a good as opposed to the "price'" of a good.
Such things as the cost of being delayed on a highway, the cost of salt
pollution, and the cost of noise must, in the absence of new research, be
evaluated on the basis of currently measurable costs such as wage rates
and property values.

When new and better cost data become available they

can be incorporated easily into the model.

To account for cost uncertainties,

we have based the computations for all impacts (and tower capital costs) on a
range of values, that is,

for each impact three different costs or benefits

are computed; a low, a high, and best value.

In addition, the model allows

for the inflation of these costs over time.
The COST BENEFIT model is designed so that it provides a high,
low, and best cost (or benefit) for each impact and combines them into
high, low, and best net benefits.

The model can accept impact and

operational data for up to 99 years.

Costs and benefits of future years are

discounted to a base year using a discount rate specified by the user.
The model can analyze multiple scenarios and can be linked directly with
a decision analysis model that analyzes the effects of uncertainty in estima
ting costs and benefits.

The latter model is described in Chapter IX.

Chapters VI through VIII of this report consider separately each of
the above environmental impacts.

These chapters give the formulae of the
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Chapters VI through VIII of this report consider separately each of
the above environmental impacts.

These chapters give the formulae of the

COST BENEFIT model and the, associated economic rationale behind the
cost (benefit) formulae.
4.

The Setting
The Environmental Protection Agency has directed that closed

cycle cooling be instituted at-the larger power plants at Bowline Point
(Units 1 and 2), Indian Point (Units 2 and 3), and Roseton (Units 1 and 2).
The utilities involved have objected to this order on the grounds that the
net effect of such a change actually entails more costs than benefits.

Various

regulatory and Legal processes are currently underway to resolve this issue.
The methodology of this report provides the means for converting environ
mental effects to economic terms for comparison with the capital and
operating costs of closed-cycle cooling.
The concept of requiring closed-cycle cooling for Hudson River
facilities is new.

Traditionally cooling towers have been used only where

the water supply was inadequate.

The Nuclear Regulatory Commission

(NRC) in licensing the Indian Point Unit Z, for example, made approval
of the license conditional on the cessation of open-cycle cooling by 1979.
Also the requirement of the EPA that provision be made for the reduction
of the discharge of heat at the three plants in the Highlands area is the
first time they gave issued such a ruling.

At issue are the impacts of

cooling systems on the fishery, the ancillary impacts on the environn-m nt
including air quality (salt drift, fogging, icing, and noise) and aesthetics
(visible plume and towers), and the capital and operating expenses of the
systems.

References for Chapter I

1.1 Consolidated Edison Company of New York, "Alternative
Procedures for Discounting Costs and Benefits of Privately
Financed Pollution Control Projects,"1 Appendix B to
Environmental Report to Accompanying Application for
Facility License Amendment - IPZ, June, 1975.
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II.

1.

ECONOMIC EVALUATION FOR THE STRIPED BASS FISHERY

Introduction
Once -through cooling impacts aquatic biota through impingement of

fish on the intake screens and entrainment of fish eggs and plankton
which can pass through the screens.

In contrast to Gnce-through cooling,

cooling towers dissipate condenser heat to the atmosphere, resulting in
a significant reduction in river water intake requirements and a possible
concomitant reduction in effects upon the aquatic environment.
Even if one can be reasonably certain of the likely magnitude of the
effect on estuarine life of each of the cooling alternatives under considera
tion, a benefit cost analysis requires that these figures, still expressed
in terms of physical damage, be translated into estimates of the associated
social costs.

This is no mere matter of simple arithmetic.

The loss of,

say, several thousand fish will be more or Less serious, i. e., costly,
for the community, depending on the use that is made of this type of fish,
the value of the fish to their users, the ease with which the Loss can be
made up, the availability of substitutes and the degree of their substituta
bility, etc.
The major concern for the Hudson River aquatic ecosystem has been
the impact on the Hudson River striped bass stock.

Striped bass are

considered one of the finer fishes to catch on the Eastern seaboard and
although most of those caught weigh less than five pounds, fifty or sixty
pounders are not uncommon.

This strong interest in striped bass has

resulted in serious consideration of the construction of cooling towers
for Hudson River power plants.

-10-

It would be desirable to evaluate the impact of once-through cooling
on other species which utilize the Hudson River as well, but as of now,
the means and the required data are not available.

Interactions among fish

species void any attempt to calculate the economic benefits by simply
adding together the impacts for each species considered separately.

An

additional complication to such an evaluation is how one should treat-the
PCB pollution which has occurred in the upper Hudson River.

This pollution

is at a level such that all commercial st riped bass fishing on the Hudson
has been terminated and warnings have been issued to sports fishermen.
This curtailment may last several years.

2.

Benefits to Sports Fishing
2. 1 Alternative Measures of Surplus
For recreation activities it has been recognized that there are

substantial problems, both conceptual and empirical in origin, in
being able to derive accurate measures of benefits.

For example,

sports fishing involves consumption of both non-market and market
goods simultaneously.

The value of a sports fishing day to a particular

fisherman will involve not only the number of fish caught but the weather,
scenery, difficulty and cost in getting to the location, congestion due to
other fishermen, and other attributes of the fishing experience.

The

gross benefit of a fishing day has often been posited as the amount the
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fisherman actually spends to obtain that day of fishing.

This measure

has the deficiency that, if the cost of the fishing experience is sub
tracted, a net benefit of zero is always implied.

What economists and

the Water Resources Council have advocated in recent years is that the
value of a fishing day be approximated by the amount the fisherman would
be willing to pay above what he actually does pay.

In other words, if the

fisherman loses a day of fishing, then this loss should be evaluated as
the amount of the difference between maximum willingness -to-pay and
what is actually paid.
"cnue

This amount is commonly referred to as

surplus" in the economics literature.
There are perhaps an infinite number of conceptual approaches to

evaluate fishing losses,

even within the current limits of Marshallian

zonsumer surplus analysis -.

Valuation depends on the individual nature

of the fishing experience and characteristics of the affected fisherman
group.

Economists have recognized 'two broad classes of methodologies

to evaluate fishing losses.

These two classes are:

(1) the opportunity

cost approach; and (2) the willingness -to-pay approach.
The willingness -to-pay approach measures the maximum amount a
fisherman would pay above what he does pay not to forego a day of fishing.
The opportunity cost approach is the willingness -to-pay measure adjusted
for any secondary gains or losses to the fishermen or others in the
economy.

For any given loss of fishery benefits,

may be appropriate.2-2
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either of these approaches

The willingness-to-pay approach is illustrated in Figure 2. 1.

The

demand curve in Figure 2. 1 gives the relation between the price and the
number of angler days demanded by a consumer.

For instance, if the

price is set at e in Figure 2. 1, b angler days are demanded.

If the price

was less, he would demand more angler days, and, if the price was more,
he would demand less.

Because the consumer adjusts his quantity consumed

so that the value of the last unit purchased just equals the price, we can
view the price axis as the marginal value of the resource.

Thus, if the

consumer picks b angler days, e is the marginal value of one additional
day of fishing.
If the consumer were forced to pay for each unit of the resource at
its marginal value, he would pay out the total area given by ogcb.

However,

the consumer pays the same for all units, e, and so he receives a surplus
on s om e units, the amount represented by the area, egc.
is called the net consumer surplus.

This amount

The net loss, if the consumer could

not fish at all, is equivalent to this consumer surplus.

To obtain the total

consumer surplus for society, one simply aggregates the demand schedule
of all individuals who value fishing.
In Figure 2. 2, the opportunity cost approach is depicted where both
a shift in demand and expenditure per day occur.

The consumer surplus

before the shift in demand and expenditures is given by egc.
shift, it is given by jhi.

After the

The lost consumer surplus, measured by the

willingness-to-pay is the area given by jihgce, the shaded area.

The

opportunity cost measure excludes the consumer surplus indicated by the
cross hatched area.

The logic here is that the fisherman's extra

expenditure is another person's gain, and the amount excluded in
Figure 2. 2 remains in the economy, and is not lost.
-13-

Price

Net consumer surplus

eI

Angler days

Figure 2. 1: Willingness to Pay Measure

Price or cost
per angler da

Net opportunity cost
measure of loss

h

Change in
expenditure
per angler
day

J

e
Excluded from
consumer
surplus
because of
beneficial
secondary
effects.

az

b

Figure 2. 2: Opportunity Cost Measure
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Angler days

Historically, the use of the willingness-to-pay measure came
about because many environmental resources were available free or for
nominal cost.

Simply using the cost of the resource, therefore, would

assign little or no value to these resources,
such resources were often undervalued.

and in cost benefit comparisons,

The willingness -to-pay measure

presents a more balanced picture of the worth of a natural resource and
will be used by this study.
A society's gross willingness -to-pay can be estimated by several
techniques that usually require
be distributed.

some type of survey or questionnaire to

These surveys, however, are not without difficulties.

One should, among other things, examine the possibility of substitution
by fishermen among (1) fish species,

(2) type of fishing activity and

(3) substitution between fishing activities and other forms of leisure
activities.
bass,

If a fisherman considers bluefish a good substitute for striped

the consumer surplus lost due to decreased striped bass population

would be less than if there were no bluefish::*-

. In addition, no direct

method has been developed by economists to empirically separate the values
imbedded in a fishing day ass-ociated with catch and those associated with
other leisure pursuits.

Until such analyses are performed, it is unlikely

that a completely accurate measure of the net value of a fishing day can be
obtained.

A range of reasonable values, however, can be developed based

on existing studies.
Table 2. 1 presents the results of several studies in the last ten
years.

Each study is categorized as to whether it pertains to fresh or salt

water fishing and whether the value given is for variable and capital costs, or
consumer surplus (or possibly both).
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The Department of Interior-.4

has

0
Table 2. 1 The Value of a Day of Angling
Value of Salt Water Fishing
(1976) $ Per Angler Day
Variable
Plus
Capital Costs

Study

Ho rva th-2 5

Consumer
Surplus

Total
Value

Value of Fresh Water Fishing
(1976) $ Per Angler Day
Variable
Plus
Capital Costs

Consumer
Surplus

68. 04

2.4)
Dept. of Interior

15. 08

15. 08

Total
Value

46. 50

8. 65

8. 65

Colorado 26/

42.76

42. 76

Idaho-7

17. 32

Arzn

Wyoming-I

2. 11/
En gland-

Oregon 2.1/8.50

.8

.13.

11

23.60

40.92

15. 45

28. 56

27.83

27.83

3.00
(approx.)

3.00

8. 50

evaluated the cost for a day of fishing as $10. 43, or in 1976 as $15. 08
(adjusted by the consumer price index).

This, of course, is not sufficient

for calculations of consumer surplus.
The Georgia State Study,--headed by J. C. Horvath and published
in March 1974, obtained an average 'total' value for a day of salt-water
fishing equal to $68. 04 (adjusted to 1976).

The Horvath study uses a

questionnaire technique to evaluate the gross willingness-to-pay for a
fishing day.

Other studies which attempt to measure values utilizing

consumer surplus or willingness -to-pay obtained values which are
substantially lower than the Horvath study.

It appears that the major

problem with the Horvath study is that (1) it applied the questionnaire
approach without sufficient cross-checks for consistency and referencing
and (2) the questions used appear to offer incentives to overvalue
benefits of fishing.
hypothetical nature.

The questions applied were of a strictly
Whether the respondents were able to adequately

understand the nature of the question in an abstract sense is open to
question.

The four questions were as follows:

1)

What benefit expressed in dollars did you receive from a
day of fishing, hunting and wildlife enjoyment?

2)

If you participated, what amount of money would you
have required to give up fishing, hunting, and wildlife
enjoyment?

3)

If you participated, how many days pay did you lose in
order to- pursue fishing, hunting, and wildlife enjoyment?

4)

If you did not participate but wanted to, what amount of
daily benefit expressed in dollars would you have assigned
to fishing, hunting, and wildlife enjoyment?
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There were a number of respondents who valued a fishing day at $700 to
$800, a number of others who valued a day at over $1, 000, and some who
valued a day of fishing and the intangibles of wildlife enjoyment above
their own yearly income.

Such results are simply unacceptable as an

indication of the "true" monetary benefit of an angler day.

Another

inherent problem can be identified from the following quote directly from
the paper:

"There were 9, 322 completed interviews,

representing data

from 23, 577 persons six years old and older. " It is difficult to believe
that six to ten year olds understand the nature of monetary benefit, and
this raises some significant issues with regard to the methodology.

A

further problem is that the individuals queried may not be separating
fishing experience from other emotional experiences.

In a study by

Knopf, Driver and Bassett, four motivations for fishing are identified:
(1) temporary escape; (2) achievement; (3) exploration; and (4) experience
in natural settings.!'-3

It is hard to determine in the Horvath study in

question whether these are separable as to the benefit of fishing in
contrast to other benefits.

The median value, which is more insensitive

to a few extraordinary high or low evaluations, was approximately $20 per
angler day. 2. 14/

This median estimate appears to be reasonably close to

other studies listed in Table 2. 1.
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From all available evidence,

the gross willingness-to-pay for a

day of salt-water fishing ranges from $20 to $40.

If we use a value of

$15 (Department of Interior) as the actual cost of a day of fishing, one
obtains a range for the net average consumer surplus of between $5 and
$25 per day of fishing.

A reasonable value for the average consumer

surplus would be the midpoint of this range, $15.
An estimate of the aggregate consumer surplus per year,
Figure 2. 1, is the shaded area in Figure 2. 3.

This is obtained by

multiplying the number of angler days by the average value of consumer
surplus associated with a day of fishing.

Dollars
Consumer
Surplus
Average
willingness
to-pay

Cost

0

Figure 2. 3.

Estimate of Consumer Surplus

-19 -

2. 2

Models of the Striped Bass Sport Fishery

As indicated above, there are two major components which go into
the estimation of the consumer surplus associated with the striped bass
fishery.

These are the monetary values assigned to a day of fishing and

the numbe-r of fishermen days in any particular year.

We now dis-cuss

four approaches to modeling the number of fishermen days demanded in
any particular year.
a.

The NRC Model

Using previbusly published U.S.

Government Surveys,

the

Nuclear Regulatory Commission 21/estimated the number of striped
bass fishermen, F0 ,R associated with Hudson River Striped Bass for a
base year (which in this case was 1970).

This figure was then multiplied

by an estimate of the average number of days fished in one year,

D,0

to give the total number of fishermen days associated with the base year
F0 D0 .

For future years,

the NRC then simply escalated the number of

striped bass fishermen with projected population growth, to obtain
numbers of striped bass fishermen in year t, F t'
Was then calculated as F tD 0in year t.

That is,

Fishermen days

the number of days

fished, Dt,- in year t remains constant and is equal to D0.
The NRC calculates the loss associated with, say, a 10% decrease
in the size of the striped bass population by assuming the number of
fishermen days would also decrease by 10%.
in year

(2. 1)

Thus, the economic loss

t would be

7o striped bass) /1001 x F D
x [ dollars /fishermen days1
I1
to0
i.e., consumer surplus

L(reduction
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There are several serious conceptual problems with, this approach.
For instance, the NRC claims that the above formulation implies the
1value of angling is directly proportional to the rate of catch of striped
bass. 1'21/

Even assuming angling is valued directly proportional to the

rate of catch, which in itself is open to question, the above expression
(2. 1) is not always consistent with this statement.

One could possibly

argue that a 10% reduction in fish population will cause a 10% reduction
in catch rate.

Expression (2. 1) in this case would certainly be in direct

proportion to rate of catch.

However,

now assume the number of fishermen

doubles over some appropriate span of time and there is no further reduction
in fish population.

Expression (2. 1) is zero, but because there are twice

as many fishermen fishing for the same number of fish, the catch rate
has to go down (presumably it drops to half its original rate).

Since the

catch rate is halved while the calculated economic loss is zero, it is
incorrect to claim that expression (2. 1) implies the value of angling is in a
direct proportion to rate of catch.

Just what expression (2. 1) represents

in economic terms is unclear.
It will be argued strongly in. later sections that any proper evalu
ation of the striped bass fishery should be symmetric with regards to its
treatment of reductions in the number of striped bass against increases
in fishermen days.

To the individual fishermen, either impact will reduce

the likelihood of catching striped bass.

Indeed, one could argue that

increases in the number of fishermen is worse than a corresponding
decrease in fish population (i. e. , that amount these additional fishermen

-

21-

would have caught) since if all, other things are equal, an. increase in
fishermen implies crowding, and that implies increased amounts of
travel in order to avoid those crowds.
Another problem with the NRC's method of evaluation is that it
does not distinguish between sparse fish populations and abundant fish
populations.

The loss incurred by a 10% reduction in the number. of striped

bass will be calculated in each case exactly the same way.
envision extreme situations for which this is absurd.

One can easily

For instance, if

the number of striped bass fishermen were very small (which it is not),
then a ten percent reduction in the striped bass population would have
almost no effect whatsoever.

There would still be plenty for everyone.

On the other hand, if the number of fishermen were quite large in relation
to the fish population, a ten percent decrease in the population would be
viewed with considerably greater concern.

E-vidence will be developed

in later sections which will indicate that this kind of distinction should
be made generally.

b.

Rate of Catch Model I

If the NRC approach is inappropriate,

then what are the alternatives?

Three possible relationships will be presented and the pros and cons
discussed.

To begin, let P t be the total number of striped bass available

in the fishery in year t,
fishermen.

and as before F tthe number of striped bass

Subjectively, the striped bass population can be divided into

P t/Ft parts or "shares."

Assuming a fisherman' s demand for fishing is

proportional to this share, which should be related with rate of catch, the
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average number of days demanded in a year t,

compared to some base

year t = 0 would be

(2. 2)

D

t

t

-

F

P0/F 0 D 0

If the number of fish is now reduced by a certain fraction, C1,
s o that P t

(1

l) P Uwe can easily show the above relationship implies

-

the average number of days demanded in year t would change from
D 0 F 0 /F t days to (1

-

aI)D 0 F 0/IFt days,

and the total fishermen days lost

would be the difference multiplied by Fti, i. e. , aF 0Do, which is a
constant.

This result is unacceptable since now any projected increase

in fishermen is totally ignored.

If the base year had only a small number

of fishermen days, then even though it could support larger numbers of
fishermen, the value of the fishery is left
assessment.

Actually,

with this original small

one would want, under these circumstances, to

have the value of the fishery grow as more people availed themselves of
its opportunities.

Further, it is highly unlikely that present day fisher

men will respond to increases to their own ranks by a corresponding and
proportionate reduction in their own demand, as implied by relation (2. 2).
c.

Rate of Catch Model II

Perhaps a more reasonable formulation is to assume fishermen will
tailor their demand to their average daily rate of catch.

As before, we can

assume this catch rate is to be approximately proportional to a fisherman's
daily share of striped bass, that is,
number of fishermen days, F tD t,

the number of fish P tdivided by the
(Conceptually, rate of catch should not

be affected by whether F t fishermen fish Dt days, or F tD tfishermen
fish a single day. ) Thus the average number of days demanded per fisher
man in year

t

compared to some base year would follow the relationship
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(2.3)

IF tFDtD

Dt =

Solving for Dt, we obtain the equation
Pt

FO

1/2

(-4)

D
Ft

If, as before, the number of striped bass is reduced by a factor
in year t due to some environmental impact, that is,

a

Pt = (I - a) P 0

then the fishermen days lost due to this impact would be
Ft Dt - Ft Dt
where Dt is calculated as in equation (2.4) assuming a

=

0.

Thus the

total number of fishermen days lost would be

[(Fo I/Ft)" /2=

(I

(1
-

ca) 1/2 (F0/FF d 12 1 D 0

(I -

1/2

(FtF0)1/2 D

While this formulation is considered superior to the results obtained by
two previous models,

one possible objection is that while fishermen value

daily rate of catch, the relationship probably is not one of direct proportions.
The direct proportion assumption implies, for instance, that cutting the
catch rate from 200 striped bass to 100 striped bass a day is viewed the
same way as cutting the catch rate from 20 to 10 striped bass a day, or
from 4 striped bass to 2 striped bass a day.

For most sports fishermen,

whether one caught 200 or 100 striped bass would be immaterial (although
commercial fishermen would care),
would have considerable effect.

but a drop from 4 to 2 striped bass

This again is another example where the

initial size of the striped bass population probably would affect how one
would assess possible cuts to that population.
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d.

A Probability Model

The above remarks suggest that improvement in modeling average
days demanded in a particular year are still possible.

Therefore,

a

slightly different mechanism will be proposed and used for determining
the demand in a particular year.

It has been reported, for instance, that

many fishermen respond to the news that the striped bass are "running" by
going fishing within a 24 to 48 hour period.

The implication here is

that if a fisherman felt it unlikely he would catch striped bass he would
Of course this assessment would involve his estimate of what

not go.

the rate of catch would be, but catch rate is not enough.
how long the fishing trip lasts is important.

For instance,

A catch rate could be

relatively high, but if the fisherman could fish only a short time, he
would still have little likelihood of catching striped bass.

Under these

conditions,

many fishermen would wait until the circumstances were more

favorable.

Taking into account all the relevant factors, one could hypothesize

a typical fisherman making a subjective estimate of how successful a
proposed fishing expedition will be, and on that basis deciding to go or not
to go.
Thus it is proposed that the average number of days demanded by
individual fishermen should correspond roughly to their subjective estimate
of their probability of catching striped bass on any particular trip.

Under

most circumstances this probability would be highly correlated with rate
of catch.

Therefore,

a fisherman's demand behavior under this probability

model would differ little from that obtained simply by assuming it was
directly proportional to the daily rate of catch, equation (2. 4).

The

difference would be most noticeable only when the catch rate was very
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high or very low.

For instance, if the rate was very high, one would be

very confident of catching striped bass.
offer little additional incentive.

Doubling this rate would, therefore,

On the other hand, if the catch rate was

very small, doubling the rate should have substantial impact on the
This formulation, therefore, implicitly

chance of catching striped bass.

incorporates the desired distinction between relatively large populations
In particular,

(large catch rates) and small populations (small catch rates).

the average number of days demanded in year t compared to some base
year should follow the relationship

(2.5)
Dt =

(Probability of catching at least k

)

(striped bass per day in year txD0
Prbbiiy fcatching at Least k

)

stried

x

assper day in the baseyer

where k represents what an average fisherman regards as a minimum
requirement for numbers of striped bass caught during a day of fishing.
The following sections develop the methodology necessary to obtain
reasonable estimates of these probabilities under a variety of circum
stances.

The first step in this process is to estimate the number of

striped bass fishermen,

F0,in some base year and then determine

appropriate rates of growth.

This is discussed in Section 2. 3.

The

second step, discussed in Section 2. 4, estimates reasonable values for
the probability of catching striped bass per fishing day.
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Table 2.2

summarizes the properties of the four models.

The

flowchart presented in Figure 2.4 shows the overall organization of
the method used to calculate the value of the striped bass fishery using
the probability model.

The Letters below the information boxes are

used as references in later section.
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0
Table 2. 2.

Properties of the Four Different
Models for Fisherman Days

0
Properties

NRC

Rate of
Catch Model I

Rate Catch
Model II

Probability
Model

Symmetric between
reductions in fish
population and increases
in fishermen
Total value of the
fishery grows with
increases in number
of fishermen

Calculates a greater
impact if fish
population is
sparse and a lesser
impact if the fish
population in
abundant

N O

NO

NO

Y E S

0

0

Totat
Lose

P

Figure 2.4.

F

Flow Chart - Calculating the Loss to the Striped Bass Fishery
Using the Probability Model

2. 3 The Atlantic Striped Bass Fishery
The first step in modeling the striped bass fisher - is to specify
those parts of the Atlantic which could be affected by changes in the
Hudson River striped bass population.
a one zone or two zone concept.

Previous work has used either

Conceptually,

as used by the NRC

the Hudson River and the surrounding New York Bight, Strata 5, 7 arid
8. 1 in Figure 2. 5, defined an Inner Zone.

An Outer Zone was specified

stretching from Maine through New Jersey, Strata 1 through 8 in Figure
2. 5, and in this zone, a substantial portion of striped bass were thought
to originate from Chesapeake Bay.
If, indeed, the Hudson River contributed substantially the same
proportion of striped bass to each zone, then only a single zone model
need be used.

In order to make the single zone model more than just a

special case of the two zone model, it will also be assumed that the range
of Hudson River striped bass extends from Strata 1 through 10, Figure 2. 5.
The analysis developed in this report will allow either model to be
examined.

For ease of exposition, however,

be presented first in its entirety.

the single zone model will

The necessary adjustment needed for

a two zone model will then be presented at the end of Chapter Z.
a.

The Number of Striped Bass Fishermen

Since 1960 and at five year interval s, the U.S.

Government 2.18/

has been conducting surveys of salt-water sports fisheries.
presents the results of the last two surveys.
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Table 2. 3

Figure

2. 5.

Atlantic Sampling Substrata.
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Estimated
Number of Striped
Bass Fishermen'

Estimated
Number of Striped
Bass Caught

1965
Total Atlantic Coastal Fishery
North Atlantic
Middle Atlantic
Total United States

613, 000
318,000
295, 000
866, 000

15,
13,
2,
18,

1970
Total Atlantic Coastal Fishery
North Atlantic
Middle Atlantic
Total United States

783, 000
368, 000
415,000
946, 000

14, 166, 000
4, 309, 000
9,857,000
16, 270, 000

Table 2. 3:

982, 000
199,000
783, 000
250, 000

Striped Bass Fishery Statistics

The North Atlantic Fishery is composed of New York and New
England.

The Middle Atlantic Fishery is composed of the Mid-Atlantic

states spanning New Jersey through Cape Hatteras, North Carolina.
Together these two fisheries make up the Atlantic Coastal Fishery as
specified in the one zone model.
In order to estimate the number of striped bass fishermen in the
Atlantic Coastal Fishery, it would be prudent to examine the data base.
We will first note that the salt-water surveys are not very accurate.

For

instance, the values obtained for the North Atlantic in 1970 were based
upon less than a hundred respondents who fished for striped bass, and
consequently,

the estimated number of striped bass fishermen had a standard

error of 132, 000 and their catch had a standard error of 3, 640, 000.
Comparisons with other surveys are few, but the 1965 government survey

Includes only those persons 12 years or older and who spent parts of
at least 3 days and/or $7. 50 on fishing.
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had estimates for the party boat striped bass catch in Region IV (Southern
Pacific Coast) 3. 1 times larger than the party boat catch surveys
conducted independently by the California Department of Fish and Game. 2. 19/
The salt-water surveys contain two pr'incipal sources of error:
sampling error which arises from the sampling method and is a function of
sample size, and response error which is independent of sample size
and is made up of, principally, prestige bias and memory bias.

This

response error has been found to produce overestimates and is Presumably
a major cause for the differences between the U.S. Government and Cali
fornia surveys the latter of which were based on written records.
The latest survey,

''Participation in Marine Recreation Fishing

Northeastern United States 1973-7411 2 . 20/estimates 10, 856, 000 total anglers
in 1973 from Maine to Virginia, while the 1970 government Salt-water
Survey estimates 3, 433, 000 anglers for the same regions.

The difference

is considerable but the 73-74 survey included participants who either
shell-fished and/or fin-fished, and included persons of all ages and all
levels of participation.

It is impossible to determine how the 1973-1974

survey relates to the 1970 government Salt-water Survey, and especially
with regard to the striped bass fishery.
In light of the above uncertainty there will be little benefit in
creating projections based on complicated models.
striped bass fishermen in year

t,

(2.6)

1970)

where

Ft = (I1± r) (t
F1970

-

Ft.

Thus, the number of

will be calculated from the relation

1970

is the number of striped bass fishermen in 1970 and

the projected growth rate.
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r

is

An estimate of F 1 9 7 0 based on the 1970 Salt-water survey would
be, adding together the North and Middle Atlantic fisheries, 783, 000
striped bass fishermen.

The growth rate, r, will be considered in the

next section.
b.

Growth Rate of Striped Bass Fishermen

Any process which projects future activity must assume that
trends established in past years will remain valid.
this does not occur, projections err.

To the extent that

As a general rule, and one that is

quite obvious, the further the projection is away from its base year, the
less reliable it is.

Thus while one could estimate pretty well the number

of striped bass fishermen in 1971 based on the 1960

-

1970 salt-water

surveys, an estimate for 1980 would be considerably more uncertain.
The Census Bureau handles- this problem for population estimation by
providing several different projections based upon various po'ssible
assumptions

on birth and death rates.

The true population value then

ought to be included within the resulting spread. (See Figure 2. 6. 2.21
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An important feature of this illustration is that the increasing un
certainty is modeled by the increasing spread between projections.
The projected increase in the number of striped bass fishermen
in the Atlantic Coastal region is governed by the growth rate, r, in
equation (2. 6).

Of the many variables which would influence this rate,

certainly population growth, changes indiscretionary income, leisure
t
time, costs and ''quality of fishing" should be major factors.

It is the

latter variable that is difficult to quantify and which produces the most
trouble.
In order to make estimates of the total number of striped bass
fishermen days, it is assumed that there are long term effects and short
term effects.

The long term effects will primarily influence the total
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number of fishermen associated with the Atlantic Coastal Fishery, and
therefore affects r ,

while the short term effects will determine

principally the yearly demand, that is,

the average number of days

actually fished by a single fisherman.

The distinction means a person need

not fish every year to be considered a striped bass fisherman,
how often a person fishes is reflected in the short-term effects.

since
This

division is a simplification of a set of complicated and interrelated factors
and for that reason three possible growth rates will be considered.
Certainly,

long term growth rate of striped bass fishermen should

be positively correlated with population trends.
of the Bureau of the Census,

The population projections

Figure 2. 6, give implicit growth rates from

1975 to 2015 of . 41%, . 74% and 1.21o.

A reasonable estimate of the

Atlantic coast population growth rate would be

.

74%6, the middle value.

Other factors which would govern the future number of striped bass
anglers would be changes in the standard of living for the American
people.

If free time and discretionary income grow, the number of rec

reators and potential striped bass anglers will increase.

Somewhat

mitigating this effect would be increased variable and capital costs expected
for a day of fishing.

But no studies have been made specifically for striped

bass fishing, or even salt-water fishing, involving these two counteracting
effects, and an overall evaluation can be made only roughly.
The historical data show a growth in striped bass fishermen 2 to 3
times larger than the overall population growth.
have been coming down,
tinue.
anglers,

However, both rates

and at least for population,

this trend should con

As a low estimate, then, of the growth rate for striped bass
the population growth rate will be used,

that is,

.

747o.

The

observed growth rate for the total number of striped bass fishermen in the
-36-

evaluated the cost for a day of fishing as $10. 43, or in 1976 as $15. 08
(adjusted by the consumer price index).

This, of course, is not sufficient

for calculations of consumer surplus.
2. 5/A
The Georgia State Study, -headed

by J. C.

Horvath and published

in March 1974, obtained an average 'total' value for a day of salt-water
fishing equal to $68. 04 (adjusted to 1976).

The Horvath study uses a

questionnaire technique to evaluate the gross willingness -to-pay for a
fishing day.

Other studies which attempt to measure values utilizing

consumer surplus or willingness -to-pay obtained values which are
substantially lower than the Horvath study.

It appears that the major

problem with the Horvath study is that (1) it applied the questionnaire
approach without sufficient cross-checks for consistency and referencing
and (2) the questions used appear to offer incentives to overvalue
benefits of fishing.
hypothetical nature.

The questions applied were of a strictly
Whether the respondents were able to adequately

understand the natu re of the question in an abstract sense is open to
question.

The four questions were as follows:

1)

What benefit expressed in dollars did you receive from a
day of fishing, hunting and wildlife enjoyment?

2)

If you participated, what amount of money would you
have required to give up fishing, hunting, and wildlife
enjoyment?

3)

If you participated, how many days pay did you lose in
order to- pursue fishing, hunting, and wildlife enjoyment?

4)

If you did not participate but wanted to, what amount of
daily benefit expressed in dollars would you have assigned
to fishing, hunting, and wildlife enjoyment?
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There were a number of respondents who valued a fishing day at $700 to
$800, a number of others who valued a day at over $1, 000, and some who
valued a day of fishing and the intangibles of wildlife enjoyment above
their own yearly income.

Such results are simply unacceptable as an

indication of the "true" monetar y benefit of an angler day.

Another

inherent problem can be identified from the following quote directly from
the paper:

"There were 9, 322 completed interviews,

representing data

from Z3, 577 persons six years old and older. " It is difficult to believe
that six to ten year olds understand the nature of monetary benefit, and
this raises some significant issues with regard to the methodology.

A

further problem is that the individuals queried may not be separating
fishing experience from other emotional experiences.

In a study by

Knopf, Driver and Bassett, four motivations for fishing are identified:
(1) temporary escape; (2) achievement; (3) exploration; and (4) experience
in natural settings.-'13

It is hard to determine in the H-orvath study in

question whether these are separable as to the benefit of fishing in
contrast to other benefits.

The median value, which is more insensitive

to a few extraordinary high or low evaluations, was approximately $20 per
angler day. 2. 14/

This median estimate appears to be reasonably close to

other studies listed in Table 2. 1.
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From all available evidence, the gross willingness -to-pay for a
day of salt-water fishing ranges from $20 to $40.

If we use a value of

$15 (Department of Interior) as the actual cost of a day of fishing, one
obtains a range for the net average consumer surplus of between $5 and
$23 per day of fishing.

A reasonable value for the average consumer

surplus would be the midpoint of this range, $15.
An estimate of the aggregate consumer surplus per year,
Figure 2. 1, is the shaded area in Figure 2. 3.

This is obtained by

multiplying the number of angler days by the average value of consumer
surplus associated with a day of fishing.

Dollars
Consumer
Surplus
Average
willingness
to-pay

Cost

Figure 2. 3.

Estimate of CI-onsumer Surplus
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2. 2

Models of the Striped Bass Sport Fishery

As indicated above, there are two major components which go into
the estimation of the consumer surplus associated with the striped bass
fishery.

These are the monetary values assigned to a day of fishing and

the numbe-r of fishermen days in any particular year.

We now dis-cuss

four approaches to modeling the number of fishermen days demanded in
any particular year.
a.

The NRC Model

Using previously published U. S. Government Surveys, the
Nuclear Regulatory Conmmission- 5

estimated the number of striped

bass fishermen, F0,associated with Hudson River Striped Bass for a
base year (which in this case was 1970).

This figure was then multiplied

by an estimate of the average number of days fished in one year, DO
to give the total number of fishermen days associated with the base year
F 0D 0 .

For future years, the NRC then simply escalated the number of

striped bass fishermen with projected population growth, to obtain
numbers of striped bass fishermen in year t, Ft.
was then calculated as F tD 0in year t.

That is,

Fishermen days

the number of days

fished, Dt. in year t remains constant and is equal to D0.
The NRC calculates the loss associated with, say, a 10% decrease
in the size of the striped bass population by assuming the number of
fishermen days would also decrease by 10%.
in year

(2.)

Thus, the economic loss

t would be

F% striped bass)
Lreduction

/1001 x F D
I

to 0
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x [ dollars /fishermen days1
i. e., consumer surplus

There are several serious conceptual problems with this approach.
For instance, the NRC claims that the above formulation implies the
1value of angling is directly proportional to the rate of catch of striped
bass. ''2.16/

Even assuming angling is valued directly proportional to the

rate of catch, which in itself is open to question, the above expression
(2. 1) is not always consistent with this statement.

One could possibly

argue that a 10% reduction in fish population will cause a 10% reduction
in catch rate.

Expression (2.1) in this case would certainly be in direct

proportion to rate of catch.

However,

now assume the number of fishermen

doubles over some appropriate span of time and there is no further reduction
in fish population.

Expression (2. 1) is zero, but because there are twice

as many fishermen fishing for the same number of fish, the catch rate
has to go down (presumably it drops to half its original rate).

Since the

catch rate is halved while the calculated economic loss is zero, it is
incorrect to claim that expression (2. 1) implies the value of angling is in a
direct proportion to rate of catch.

Just what expression (2. 1) represents

in economic terms is unclear.
It will be argued strongly in later sections that any proper evalu
ation of the striped bass fishery should be symmetric with regards to its
treatment of reductions in the number of striped bass against increases
in fishermen days.

To the individual fishermen, either impact will reduce

the likelihood of catching striped bass.

Indeed, one could argue that

increases in the number of fishermen is worse than a corresponding
decrease in fish population (i. e. , that amount these additional fishermen
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would have caught) since if all other things are equal, an. increase in
fishermen implies crowding, and that implies increased amounts of
travel in order to avoid those crowds.
Another problem with the NRCI s method of evaluation is that it
does not distinguish between sparse fish populations and abundant fish
populations.

The loss incurred by a 10% reduction in the number of striped

bass will be calculated in each case exactly the same way.
envision extreme situations for which this is absurd.

One can easily

For instance, if

the number of striped bass fishermen were very small (which it is not),
then a ten percent reduction in the striped bass population would have
almost no effect whatsoever.

There would still be plenty for everyone.

On the other hand, if the number of fishermen were qu~ite large in relation
to the fish population, a ten percent decrease in the population would be
viewed with considerably greater concern.

Evidence will be developed

in later sections which will indicate that this kind of distinction should
be made generally.

b.

Rate of Catch Model I

If the NRC approach is inappropriate,

then what are the alternatives?

Three possible relationships will be presented and the pros and cons
discussed.

To begin, let Pt be the total number of striped bass available

in the fishery in year t,
fishermen.

and as before F tthe number of striped bass

Subjectively, the striped bass population can be divided into

P t/Ft parts or "shares."

Assuming a fisherman's demand for fishing is

proportional to this share, which should be related with rate of catch, the
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compared to some base

average number of days demanded in a year t,
year t = 0 would be

(2.2)

D

t

t

-

Ft

P o/F0 D 0

If the number of fish is now reduced by a certain fraction,
so that Pt

(1a-

a)PU,

af,

we can easily show the above relationship implies

the average number of days demanded in year t would change from
D 0F 0/Ft days to (I

-

COD0 F 0 /F t days,

and the total fishermen days lost

would be the difference multiplied by FtJ, i. e.
constant.

,

aF 0DOQ,

which is a

This result is unacceptable since now any projected increase

in fishermen is totally ignored.

If the base year had only a small number

of fishermen days, then even though it could support larger numbers of
fishermen, the value of the fishery is left
assessment.

with this original small

Actually, one would want, under these circumstances, to

have the value of the fishery grow as more people availed themselves of
its opportunities.

Further, it is highly unlikely that present day fisher

men will respond to increases to their own ranks by a corresponding and
proportionate reduction in their own demand, as implied by relation (2. 2).
c.

Rate of Catch Model II

Perhaps a more reasonable formulation is to assume fishermen will
tailor their demand to their average daily rate of catch.

As before, we can

assume this catch rate is to be approximately proportional to a fisherman's
daily share of striped bass, that is,
number of fishermen days,, F tD t,

the number of fish P t divided by the
(Conceptually,

rate of catch should not

be affected by whether F tfishermen fish D t days, or F tD tfishermen
fish a single day. )
man in year

Thus the average number of days demanded per fisher

t compared to some base year would follow the relationship
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(2.3)

P tIFtD
Dt =P 0t /FoD
FtDt0 DO

Solving for Dt, we obtain the equation

P

(2.4)

F

1/2

Ft
If, as before, the number of striped bass is reduced by a factor
in year t due to some environmental impact, that is,

Pt =(

-

a

) P

then the fishermen days lost due to this impact would be
Ft Dt - Ft Dt
where D t is calculated as in equation (2. 4) assuming a

=

0.

Thus the

total number of fishermen days lost would be
[(F /Ft)11 2

a)1/2 (F 0 IF)

-(I

= (I

(I -

1/2

1

(FF

/2
)

3

D0

/2D

While this formulation is considered superior to the results obtained by
two previous models,

one possible objection is that while fishermen value

daily rate of catch, the relationship probably is not one of direct proportions.
The direct proportion assumption implies, for instance, that cutting the
catch rate from 200 striped bass to 100 striped bass a day is viewed the
same way as cutting the catch rate from 20 to 10 striped bass a day, or
from 4 striped bass to 2 striped bass a day.

For most sports fishermen,

whether one caught 200 or 100 striped bass would be immaterial (although
commercial fishermen would care), but a drop from 4 to 2 striped bass
would have considerable effect.

This again is another example where the

initial size of the striped bass population probably would affect how one
would assess possible cuts to that population.
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d.

A Probability Model

The above remarks suggest that improvement in modeling average
days demanded in a particular year are still possible.

Therefore, a

slightly different mechanism will be proposed and used for determining
the demand in a particular year.

It has been reported, for instance, that

many fishermen respond to the news that the striped bass are "running" by
going fishing within a 24 to 48 hour period.

The implication here is

that if a fisherman felt it unlikely he would catch striped bass he would
Of course this assessment would involve his estimate of what

not go.

the rate of catch would be, but catch rate is not enough.
how long the fishing trip lasts is important.

For instance,

A catch rate could be

relatively high, but if the fisherman could fish only a short time, he
would still have little likelihood of catching striped bass.

Under these

conditions,

many fishermen would wait until the circumstances were more

favorable.

Taking into account all the relevant factors, one could hypothesize

a typical fisherman making a subjective estimate of how successful a
proposed fishing expedition will be, and on that basis deciding to go or not
to go.
Thus it is proposed that the average number of days demanded by
-individual fishermen should correspond roughly to their subjective estimate
of their probability of catching striped bass on any particular trip.

Under

most circumstances this probability would be highly correlated with rate
of catch.

Therefore,

a fisherman's demand behavior under this probability

model would differ little from that obtained simply by assuming it was
directly proportional to the daily rate of catch, equation (2.4).

The

difference would be most noticeable only when the catch rate was very
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high or very low.

For instance, if the rate was very high, one would be

very confident of catching striped bass.

Doubling this rate would, therefore,

On the other hand, if the catch rate was

offer little additional incentive.

very small, doubling the rate should have substantial impact on the
This formulation, therefore, implicitly

chance of catching striped bass.

incorporates the desired distinction between relatively large populations
(large catch rates) and small populations (small catch rates).

In particular,

the average number of days demanded in year t compared to some base
year should follow the relationship

(2. 5)
Dt =

(Probability of catching at least k
(\striped bass per day in year t

(rbblt
stried

xxD

of catching at least kyer

assper day in the baseyer0

where k represents what an average fisherman regards as a minimum
requirement for numbers of striped bass caught during a day of fishing.
The following sections develop the methodology necessary to obtain
reasonable estimates of these probabilities under a variety of circum
stances.

The first step in this process is to estimate the number of

striped bass fishermen, Fo
appropriate rates of growth.

in some base year and then determine
This is discussed in Section 2. 3.

The

second step, discussed in Section 2. 4, estimates reasonable values for
the probability of catching striped bass per fishing day.
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Table 2.2

summarizes the properties of the four models.

The

flowchart presented in Figure 2.4 shows the overall organization of
the method used to calculate the value of the striped bass fishery using
the probability model.

The Letters below the information boxes are

used as references in later section.
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Table 2. 2.

Properties of the Four Different
Models for Fisherman Days

09-1
Properties
Symmetric between
reductions in fishN0YES
population and increases
in fishermen

NRC

Rate of
Catch Model I

N

E

Total value of the
fishery grows withYESN0YESYES
increases in number
YSN
of fishermen

Calculates a greater
impact if fish
population is
sparse and alesser
impact if the fish
population in
abundant

NO0

Rate Catch
Model II

ESYES
E

E

NO

NO

Probability
Model

E

E

YE S

0

Total

Lossa

Figure 2.4.

Flow Chart - Calculating the Loss to the Striped Bass Fishery
Using the Probability Model

0

2. 3 The Atlantic Striped Bass Fishery
The first step in modeling the striped bass fisher9- is to specify
those parts of the Atlantic which could be affected by changes in the
Hudson River striped bass population.
a one zone or two zone concept.

Previous work has used either

Conceptually,

as used by the NRC

the Hudson River and the surrounding New York Bight, Strata 5, 7 and
8. 1 in Figure 2. 5, defined an Inner Zone.

An Outer Zone was specified

stretching from Maine through New Jersey, Strata 1 through 8 in Figure
2. 5, and in this zone, a substantial portion of striped bass were thought
to originate from Chesapeake Bay.
If, indeed, the Hudson River contributed substantially the same
proportion of striped bass to each zone, then only a single zone model
need, be used.

In order to make the single zone model more than just a

special case of the two zone model, it will also be assumed that the range
of Hudson River striped bass extends from Strata 1 through 10, Figure 2. 5.
The analysis developed in this report will allow either model to be
examined.

For ease of exposition, however, the single zone model will

be presented first in its entirety.

The necessary adjustment needed for

a two zone model will then be presented at the end of Chapter 2.
a.

The Number of Striped Bass Fishermen

Since 1960 and at five year intervals, the U. S. Government 2.18
has been conducting surveys of salt-water sports fisheries.
presents the results of the last two surveys.
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Table 2. 3

Figure

2.5.

Atlantic Sampling Substrata.
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Estimated
Number of Striped
Bass Fishermen'

Estimated
Number of Striped
Bass Caught

1 965
Total Atlantic Coastal Fishery
North Atlantic
Middle Atlantic
Total United States

613, 000
318,000
295, 000
866, 000

15,
13,
2,
18,

982, 000
199,000
783, 000
250, 000

1970
Total Atlantic Coastal Fishery
North Atlantic
Middle Atlantic
Total United States

783,
368,
415,
946,

14,
4,
9,
16,

166,
309,
857,
270,

Table 2. 3:

000
000
000
000

000
000
000
000

Striped Bass Fishery Statistics

The North Atlantic Fishery is composed of New York and New
England.

The Middle Atlantic Fishery is composed of the Mid-Atlantic

states spanning New Jersey through Cape Hatteras, North Carolina.
Together these two fisheries make up the Atlantic Coastal Fishery as
specified in the one zone model.
In order to estimate the number of striped bass fishermen in the
Atlantic Coastal Fishery, it would be prudent to examine the data base.
We will first note that the salt-water surveys are not very accurate.

For

instance, the values obtained for the North Atlantic in 1970 were based
upon less than a hundred respondents who fished for striped bass, and
consequently,

the estimated number of striped bass fishermen had a standard

error of 132, 000 and their catch had a standard error of 3, 640, 000.
Comparisons with other surveys are few, but the 1965 government survey

Includes only those persons 12 years or older and who spent parts of
at least 3 days and/or $7. 50 on fishing.
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had estimates for the party boat striped bass catch in Region IV (Southern
Pacific Coast) 3. 1 times larger than the party boat catch surveys
conducted independently by the California Departm ent of Fish and Game. 2. 19/
The salt-water surveys contain two principal sources of error:
sampling error which arises from the sampling method and is a function of
sample size, and response error which is independent of sample size
and is made up of, principally, prestige bias and memory bias.

This

response error has been found to produce overestimates and is presumably
a major cause for the differences between the U.S.

Government and Cali

fornia surveys the latter of which were based on written records.
The latest survey,

'Participation in Marine Recreation Fishing

Northeastern United States 1973-74'

2.2

0/estimates 10, 856, 000 total anglers

in 1 973 from Maine to Virginia, while the 1 970 government Salt-water
Survey estimates 3, 433, 000 anglers for the same regions.

The difference

is considerable but the 73-74 survey included participants who either
shell-fished and/or fin-fished, and included persons of all ages and all
levels of participation.

It is impossible to determine how the 1973-1974

survey relates to the 1970 government Salt-water Survey, and especially
with regard to the striped bass fishery.
In light of the above uncertainty there will be little benefit in
creating projections based on complicated models.
striped bass fishermen in year t,
(2.6)
where

Ft = (1 + r) (t
F1970

-

Ft,

Thus, the number of

will be calculated from the relation

19701) F 17

is the number of striped bass fishermen in 1970 and r

the projected growth rate.
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is

An estimate of F 1 9 7 0 based on the 1970 Salt-water survey w .ould
be,

adding together the North and Middle Atlantic fisheries,

striped bass fishermen.

The growth rate,

783, 000

r, will be considered in the

next section.
b.

Growth Rate of Striped Bass Fishermen

Any process which projects future activity must assume that
trends established in past years will remain valid.
this does not occur, projections err.

To the extent that

As a general rule, and one that is

quite obvious, the further the projection is away from its base year, the
less reliable it is.

Thus while one could estimate pretty well the number

of striped bass fishermen in 1971 based on the 1960
surveys,

-

1970 salt-water

an estimate for 1980 would be considerably more uncertain.

The Census Bureau handles this problem for population estimation by
providing several different projections based upon various po'ssible
assumptions

on birth and death rates.

The true population value then

ought to be included within the resulting spread. (See Figure 2. 6.-) 2
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Figure 2. 6: Estimates and Projections of the Population
of the United States: 1940 to 2025
An important feature of this illustration is that the increasing uan
certainty is modeled by the increasing spread between projections.
The projected increase in the number of striped bass fishermen
in the Atlantic Coastal region is governed by the growth rate,
equation (2. 6).

r,

in

Of the many variables which would influence this rate,

certainly population growth, changes indiscretionary income, leisure
time, costs and "quality of fishing"' should be major factors.

It is the

latter variable that is difficult to quantify and which produces the most
trouble.
In order to make estimates of the total number of striped bass
fishermen days, it is assumed that there are long term effects and short
term effects.

The long term effects will primarily influence the total
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number of fishermen associated with the Atlantic Coastal Fishery, and
therefore affects r,

while the short term effects will determine

principally the yearly demand, that is,

the average number of days

actually fished by a single fisherman.

The distinction means a person need

not fish every year to be considered a striped bass fisherman,
how often a person fishes is reflected in the short-term effects.

since
This

division is a simplification of a set of complicated and interrelated factors
and for that reason three possible growth rates will be considered.
.Certainly,

long term growth rate of striped bass fishermen should

be positively correlated with population trends.

The population projections

of the Bureau of the Census, Figure 2. 6, give implicit growth rates from
1975 to 2015 of . 41%, . 74% and 1. 2%.

A reasonable estimate of the

Atlantic coast population growth rate would be

.

74%, the middle value.

Other factors which would govern the future number of striped bass
anglers would be changes in the standard of living for the American
people.

If free time and discretionary income grow, the number of rec

reators and potential striped bass anglers will increase.

Somewhat

mitigating this effect would be increased variable and capital costs expected
for a day of fishing.
bass fishing,

But no studies have been made specifically for striped

or even salt-water fishing, involving these two counteracting

effects, and an overall evaluation can be made only roughly.
The historical data show a growth in striped bass fishermen 2 to 3
times larger than the overall population growth.

However,

both rates

have been coming down, and at least for population, this trend should con
tinue.

As a low estimate,

then, of the growth rate for striped bass

anglers, the population growth rate will be used, that is,

.

74%.

The

observed growth rate for the total number of striped bass fishermen in the
-36-

U.S. between 1965 and 1970 was 1. 78% per year.
rate is not expected to increase,

Considering that this

the value 1. 7807 should be an upper bound

to the long term growth rate in striped bass fishermen.

Realistically,

we have no best estimate, but the mid-point between the high and low value,
1.2Z6% can be considered a reasonable rate of growth for striped bass
fishermen.

All three projected growth rates can be changed to reflect the

most recent information available, i. e.

the 1975 salt-water surve y,

whenever that is released.
2.4 Number of Days Demanded by Striped Bass Fishermen
(Reference L, Figure 2.4)
In the methodology developed for calculating the number of striped
bass fishermen, short term effects were identified as influencing
principally the number of days one typically fished.

Short term effects

would include such factors as crowding, travel time, size of catch and
other things that go into the subjective evaluation of a fishing trip.
For the purposes of this analysis, some simplifications are justified.
The major concern here is with once-through cooling,, and the assessment
by the utilities of any reduction in the number of striped bass in the
Atlantic Coastal Fishery.

This being true, one can substantially determine

the cost of once through cooling by determining the cost associated with
reduced catch.

The following principle is considered fundamental.
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An Invariance Principle:

The economic loss which a

sports fisherman sustains due to two different negat~ive impacts,
each of which reduces the average number of fish caught by
the same amount, but otherwise does not affect the experience
of a day of fishing, should be treated equally alike.
Of course, an impact can affect a fishery in ways other than catch.
these factors are often secondary to the fisherman's major goal

However,

of catching fish.

If so, the invariance principle should remain applicable.

a.

A Poisson Model for the Probability of Catching Striped
Bays (Reference K, Figure 2. 4)

In Section 2. 2d, it was argued that the average number of days
desired by a fisherman in year t compared to some base year can be
approximated by the relationship
(Prob. of catching at least
(2. 7)

Dt = Mm
t

where

Dt

/

k

striped'

t
y ear
baprdyin of catching
striped\
*k_____/
at least
~Prob.
bass per day in base year/

D0

is the number of days demanded in year t and

of days demanded in the base year.
days ever demanded.

D mxis

X

ma
0 Dma

is the number

the maxima1m number of

The value of D max isnot known,

but certainly should

reflect the fact that:
1) people have only a limited amount of free time
and
2)

half
striped bass fishing is considered good for less than
the year .

years is decreasing
Since the probability of catching striped bass in future
at least for this analysis,

D~a

can be ignored.
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In more general situations,

the suppression of D mxwill, in rare situations, over state the benefits
closed cycle cooling will have on the fishery.

In any case, D tis

bounded

from above by the quantity

(Probability
of catching at least\

k striped bass per day in the~
base year/

There is,

in fact, little historical information concerning how many days

striped bass fishermen have fished in the past.

Therefore, the estimate of

D 0used is the one calculated from the National Survey of Fishing
and Hunting, 1970, Department of Interior.

This value represents the

demand of all salt water fishermen on the East Coast in 1970 and is
estimated to be 12. 2 days.
Data are not available which would allow one to directly estimate the
proba bility of fishermen catching striped bass.

However, in many similar

situations, the Poisson distribution has been found to adequately represent
the probabilities involved.

That is,

if

x is the number of times an

event has occurred, then the -probability of

(2.-8)

where

x is assumed to be

x-X
p (X)

eex

,

,2

X ! 0 is the average number of occurrences,

or more precisely,

expected value of x.
Common applications of the Poisson distribution, for instance,
have been the modeling of the arrival of phone calls at a switch board, or
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the

the radioactive decay of uranium.

The Poisson distribution is also a good

approximation to the binomial distribution when the probability of success
Thus, events which occur rarely over a period of time are often

is small.

Poisson processes.

Strictly speaking,

a Poisson process satisfies the

following three conditions. 2. 22/
1)

The waiting times between events are independent.

2)

The probability for a given number of events is the
same for all time intervals of the same length.

3)

Events occur suddenly, instantaneously at small
intervals of time, but only as single events and not
in pairs or other multiple combinations.

Any phenomena which satisfies the above conditions is called a Poisson
process and the total number of events per unit time is distributed as a
Poisson probability function (2. 8),

with some parameter

X.

During a single day of fishing, as one fishes productive locations
or encounters schools of striped bass, one's catch rate is high.
times, the fishing is poor.

At other

However, given a particular set of circumstances,

it is felt that both conditions (1) and (2) will be approximately satisfied.
That is,

the wait between catches will be unrelated with each other and

time intervals of the same duration are indistinguishable.

Thus the number

of fish caught during the period is distributed approximately Poisson.
Since a day of fishing is made up of a sequence of such circumstances and
since sums of independent Poisson are again Poisson, the total number
of striped bass caught during a day of fishing ought to be distributed, at
least approximately, as Poisson (2. 8).
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striped bass in

To calculate the probability of catching at least k

equation (2. 7), using the Poisson, one simply needs to estimnate Athe
average catch per day, and substitute into
k-i

at Least\
ProbabiLity of catching
~kstriped bass per day

E

p (X)

x0O
k-i
Ax

E

(2. 9)

b.

e

Average Catch per Day (Reference J, Figure 2. 4)

For an individual fisherman,

the Upper Atlantic represents a

renewable but definitely finite supply of striped bass.

Any increase in

fishermen or decrease in striped bass population Pt, forces his
share of striped bass downward.

This is undesirable,

and if the share

is already small, such losses are even more important.
one is perfectly fair, cannot be avoided.
increase in fishermen.

Such would be the anticipated

That this causes a loss to the individual fisherman

cannot be denied, however,
up among more people,

Some impacts, if

since as the benefits of the fishery are divided

each person will have to accept a smaller portion.

Other impacts, such as once-through cooling on the Hudson are rectifiable
and the end result of the installation of cooling towers is to increase

Pt

By the invariance principle, however, the economic evaluation of all
impacts affecting catch, regardless of source, should be treated equally
alike.

An important test of any model that asserts to calculate the days

demanded by striped bass fishermen, therefore,

is whether it presents a

reasonable measure of how fishermen respond to increases or decreases
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If it gives unreasonable results or is not symmetric

in their own numbers.

in the sense of the invariance principle, it should be rejected as being
inappropriate.
To determine the effects of negative impact on average catch, suppose
that in the base year, t = 0, the catch per day avera ged A0 striped bass.
Assume that after t years, the number of striped bass fishermen has
changed from F 0to F tfishermen and the striped bass population has gone
from P 0 to Pt = (1 -aC ) P tstriped bass.
At

year t,

The average daily catch in

ought to decrease because of the increased number of fishermen.

Assuming daily catch is inversely proportional to the fishermen days
in a particular year, this would mean

(2.10)

At=

-F0D 00

F tD

However, in a similar manner, the change in fish population from P 0
to (I

-a

) P 0 also ought to affect catch, and again assuming average

catch size is directly proportional to fish population,

equation (Z. 10) is

updated to

(2. 11)

At

=

(1-a )

F0 D 0
Ft Dt

x 0.

Realistically, there is some upper bound to the average number of
fish a fisherman could catch during a day, no matter how good the fishing
is.

There are physical constraints on how much of the ocean one could

fish and how dense the striped bass population would ever likely become.
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So finally, the daily average catch of striped bass in year t is represented
by the equation

(2.12)

At

i-a)F

0

Ft

0

Min

DO
0

A

A

where A is an upper bound to the catch per day.
The value of X in the year 1970 for the Atlantic Coastal Fishery,
based on the government surveys, is estimated to be 1. 51 striped bass
per day (assuming the average number of days demanded in 1970 was
12. 2).

The estimated daily average catch is quite small, so that an

average fisherman's minimum requirement on the size of catch, the
value of k in equation (2. 9) should be small too.

Thus the days demanded

in year t should approximately follow the relationship (Z. 7) with k = 1,
and from equation (2.12), this implies

1- exp

-(l-

1 -exp
(2 . 13 )

Dt

FD

FD

(-A 0 )

if (1

t

FtD

0

< X*

e
l-. -A0

D0

otherwise

1-e
A value for A* is not known, but clearly it must be larger than X0'

Since

this study is modeling possible reductions in striped bass and increases
in striped bass fishermen At < A 0 for all t.

Whatever its value,

A*

will never be a factor in the calculations made above.
Setting k = 1 implies that the most important element of a striped
bass fishing expedition is to catch at least one striped bass; that is,
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not

to come back with any'.

However,

if the probability of catching at least

one striped bass is high, so is the probability of catching at least two
or three and vice versa.

So the final results of the model should be

somewhat insensitive to the actual value of k chosen.

Furthermore,

real differences in k can be modeled to a large extent by simple changes
in X.

That is,

the probability of catching at least one striped bass when

the average catch is equal to X, is equal to the probability of catching at
least two striped bass using a different X approximately twice as large.
For this reason, the cost benefit modeling will use three different values
for X.
is,

The best estimate of X would be that just observed in 1970, that
Assuming the average number of days demanded in 1965 2. 23/

X = 1. 51.

was also 12. 2,

the catch rate per day in 1965 was 2.14 striped bass.

will be taken to be the high value for X.
arbitrarily assigned as 1. 00.

This

A low value for X will be

As explained in Section 2. 3, the probability

model calculates greater economic impacts for small base year catch rates.

2. 5

Calculating Consumer Surplus
(Reference H; Figure 2. 4)
a.

Relative Yield

In order to alleviate the effect of once-through cooling on Hudson
River striped bass, installation of one or more cooling towers could be
installed at the Bowline Point, Indian Point and Roseton power plants.
There are several different kinds of towers.

A particular choice of towers

at the various locations and the sequencing of installation dates will be
called a scenario,. say Si

One possible scenario, say S 0l' is not to install

any cooling towers.
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Each scenario has associated with it costs and benefits.

The costs

include capital and operating expenses of the towers plus the costs of
environmental impacts around the sites.
III

-

VII.

These are discussed in..Chapters

The benefits which accrue from a scenario result from the

decrease in biological impact to the Hudson River aquatic ecosystem when
compared to the continued use of once through cooling.
no towers any-where,

ScenarioS01

is defined to have zero benefits and zero costs and

represents the base case.
Each scenario affects the Hudson River striped bass stock by reducing
the impingement and entrainment losses caused by once-through cooling.
The exact amount determines a variable called relative yield,

R t(S.i).

This relative yield is defined to be the ratio of the size of Hudson River
striped bass stock in year t under scenario S to that existing in 1974.
The determination of the relative yields,

R t(S ), is accomplished by

Lawler, Matusky and Skelly Engineers' "Young of the Year" and "Life
Cycle" models.
estimates.

These models use parameters which are best

For instance, the degree of compensatory reserve, that is,

the ability by which striped bass make up for an external or internal
stress so as to reduce the overall impact on the population is expressed
as a continuous function.

To model this uncertainty, each scenario can

have associated with it several sequences of relative yield reflecting
various assumptions about the unknown parameters.

Initially, five

sequences of relative yields are to be used, assuming a range of five
levels of compensation.
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b.

Hudson River's Contribution to the Upper Atlantic Fishery
(Reference I, Figure 2. 4)

The Hudson River contributes only a fraction of the striped bass to
the Atlantic Coastal Fishery.

This contribution, say C, determines the

Hudson River's share of the striped bass population in the Atlantic Coastal
Fishery, and in 1970, this share would be
C x P
striped bass.

19 7 0

This share is then reduced under scenario S.1 by approxi

mately the factor (l-R t(Si)) in year t.

The net effect of a particular scenario

on the Upper Atlantic fishery is to reduce the population to
Pt = P
(2.14)

where

1 97 0

{l-C [l-Rt(S i)

=P1970 (l-at)

t is the reduction of the Atlantic Coastal striped bass population

in year t.

(Whenever at is encountered,

it will be understood that it is

determined by some unstated scenario, S i . ) Relation (2. 14) is of course
a simplification of the Atlantic Coastal striped bass fishery, since it
considers only the effect of cooling towers to the exclusion of all others.
To calculate the benefits associated with a particular scenario, one
determines the fishermen days associated with the scenario in year t
using equations (2.13) and (2. 14).

This is compared to the base case,
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scenario S 0 1 , and the difference is multiplied by the value of consumer
surplus.

That is

/ Benefits

to sports
(fishermen under

-

~scenario S iin
year t/yeryat

fishermen days
under Si in

-

yea t

x

(

fishermen day
under Sol in

er

lcons umer\
surplus

~in year t/

The value assigned to consumer surplus in year t in the above expression
is estimated by taking the valueIof consumer surplus estimated in the
study's base year and inflating ithis value by the factor (I + 0) t .

The

benefits to sports fishermen are then discounted back to the base year
by dividing through by the facto r (I + P)t.These values are summed over
all years of the study to give the sum present worth of the benefits to
sports fishermen of scenario s.
The choices of an inflation factor and discount rate, 0 and P
respectively, are not toally independent, in that a large inflation rate
implies a larger than normal discount rate.

Both values are inputs to

the cost benefit model and it is recommended that 0 be set to give a rate
of inflation compatible with those used for calculating the capital cost of
cooling towers and the discount rate, P, should be chosen to be 0. 065
which is the discount rate suggested in a previous MATHEMATICA
report 22.4
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2. 6

Comparison of the Probability Model with the Rate of Catch
Mode L II.

The relationship between the "ProbabLity Model" and the "Rate of
Catch Model II" is examined in this section.

From equation (2. 13), the

probability model can be expressed as

Dt =1

(2.15)

and if At and

=

1 - e-X t
- e-X 0 ,DO0

(t

+ (higher order of terms of At)

X0

+ (higher order of terms of A0 )

A 0 are small, then the higher order terms drop out and

At
(2.16)

D

t

0

Ao
0

Assuming as in (2.13) that

t I - tl

A =(1-a~) (0

0DX)

'

where

(1 - a t )

=
t

P

0

P

1 - C [1 - Rt (Si)]

equation (2. 16) becomes,

after solving for DV,

p( tF0

I/0
/2

F1
(2.17)

DO

Pt

D
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Checking with equation (2. 4) we see that equation (2. 17) is the same as
Thus as the average catch

obtained using the Rate of Catch Model II.

per day becomes small, the Probability Model and the Rate of Catch
Model become very much alike.

In fact, we can show that for any given

reduction in striped bass population, the days demanded using the
probability model is always larger than that obtained using the Rate of
Catch Model II, but as already shown, approaches it as the average
daily catch goes to zero.

Figure 2.7, below, gives some represen

tative calculations for comparison.

For this example, we have assumed

F 0 = 500, 000 striped bass fishermen, while F t = 600, 000 and D O = 12.2.

-Rate of Catch Model II
Days
D

t

with

A

=2.0

A

= 1.0

1. 25
Percent Reduction of Atlantic Striped Bass
(1I- C (1lFigure 2. 7.

R(S.)))

=

1

-

a

Comparison of Rate of Catch Model II and
the Probability Model
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Some care must be exercised in how this last result is interpreted.
Clearly in terms of the probability model, x0is not small, and to make it
go to zero (which assumes the entire striped bass population in the Atlantic
Coastal Fishery is zero) is totally unrealistic.

What has to be understood

here is that this result is basically a mathematical result.

For instance,

it does not make sense to assume Xogoes to zero while days demanded,
Doi remains fixed.

The most diehard fishermen are not that persistent.

Thus the conditions under which the two models agree will never happen
in practice.

The real interest in the convergence result is that if anyone

should ever wish to examine the Rate of Catch Model II, this can be done
simply by assigning a small value to X

.'

(One can't make X0actually

equal zero so it is recommended that one set X0= . 001.)

We note that

the Rate of Catch Model II will always calculate greater benefits than the
probability model when the Relative Yields are close to 1. 0, however, the
probability model will yield greater benefits than the Rate of Catch Model II
when the relative yields are small.

This, of course, was anticipated in

the discussion given in Section 2. 2. d.

3.

Benefits to Consumers of Striped Bass
The value of striped bass is not restricted to sports fishermen.

Striped bass are considered by some to be tasty and desirable.

Normally,

when there is a reduction in the available supply of some product, con
sumers are affected via the resulting rise in price.

However, given the

relatively small proportion of striped bass caught compared to the total
supply of fish caught commercially and ease in which other species can be
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substituted, it seems safe to assume that, within the relevant range of
probable fishery impact, price will be unaffected.

That is,

the number

of fish in question is so small1 a proportion of the total retail supply, it
is improbable that this loss will affect consumer supply or prices
significantly.

4.

Benefits to Commercial Fishermen
(Reference 0, P; Figure 2. 4)
The consequences of Hudson River striped bass fishery impacts

for commercial fishermen may be twofold:
the operating revenue less.

catch may be smaller and

In economic terms, this impact is referred

to as a loss in producers surplus.

This is illustrated in Figure 2. 8.

Dollars

producers'
lost

surplus

catch
Figure 2.8.

Producers Surplus Lost
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The marginal supply costs have increased from P 0 top t due to
less catch per unit effort.

Further, the amount supplied drops from

x 0 to xt in year t, and the total profit, that is,

the difference between

cost and selling price is reduced by the amount indicated as "producers
surplus lost.
Given some simplifying assumptions about the relationships
involved, the marginal supply price can be evaluated in terms of four
parameters.
p = price per unit (pounds of fish)
a = cost per unit of fishing effort, e.g. , per day
of fishing for an "average" boat.
d = a parameter relating size of catch to quantity
of fishing effort.
b = a scale parameter.

Then assuming that there is a fixed proportion between total cost, T,
and outlay of effort y, we have
T =a y
Further, assuming that there is a simple production relationship between
outlay of effort and size of catch, x, we have
(2.18)

x =b yd

A firm will maximize its profits, px
constraint (2. 18) That is,

-

expression
l/d

(2. 19)

px -a

x-
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ay, subject to the

is maximized with respect to x.

Differentiating, and setting equal to zero,

equation (2. 19) yields the relation
(1-d)/d
(2.20)

a

PO

0
bd
for the marginal supply costs as a function of catch.

For 1/24d<l,

and for 0<d<1/2, it is convex.

relation (2. 20) is concave,

When

d = 1/2 exactly, the marginal supply price is linear in quantity.
Striped bass commercial fishing effort, y, in the Atlantic Coastal
has been fairly constant in recent years

Ifthe Atlantic Coastal

2

striped bass stock is reduced by the fraction

C (1 - Rt(S i)

due to a

particular scenario Si. whereC is the contribution of the Hudson to the
Atlantic Coastal Fishery, and Rt(Si) is the relative yield, then the same
amount of effort ought to catch

=

(0a)

This leads to an equation for the marginal supply price in year t,
substituting into (2.20),

a

s=
t

bd

(

)

x

(1- d)/d

" b (I -a ( t)

The producers surplus Lost in year t is the area between P 5
t
Figure 2.8.

Integrating,

one obtains
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and P 5 as in
0

Producers surplus)
Lost in year t

p x 0 ( 1 .- a t )

_a ) x 0

(
+

a

x

dx
at )

b

bd
0

I

fx

0o

(

a

(

x
I

-

bd

b

/

-d)/d
dx

l/d
=

pxo (i-at)

l/d
b ")
a -a 10

b

Since

(

(I/d)
px

-

0

d

1%)

Producer surplus
Lost in year

Px

t

(2.21)
-

0

p x0
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at

(1 -d)

C [ 1-Rt(Si)]

(1 -d)

z-valuating (2. 21) will estimate the economic loss associated with
scenario S..
1

The economic benefits of a scenario have been defined as

the improvement when compared to the base case,
towers are installed.

S0

1

, where no cooling

Thus the benefits scenario S.1 in year t is

/benefits

to commercial
fishermen under scenari

(Z. 22)

=

\ i in year t)/

x0

C

R t (S)

- Pt (S 0

1

(1 - d)

)/

5

The retail price of striped bass,

p, is inflated by the factor (1 + ()t

and

then the benefits to commercial fishermen is discounted back to the base
year using the discount rate,

p.

A telephone survey was conducted to determine the retail price
of striped bass, p.

The prices varied from area to area, but the

median value was approximately $2. 00 a pound.
The value for d, the parameter relating size of catch to quantity
of fishing effort is not known.

A first approximation would be to assume

the marginal supply cost is linear in quantity, and consequently d = 1/2.
The average yearly catch of striped bass by commercial fishermen,
x

0

between the years 1960 and 1969 is estimated from government

statistics
values,

.

as 9,523,000 pounds of striped bass per year.

These

when combined with relative yield Rt(Si) and "contribution of

the Hudson River to the Upper Atlantic" are

sufficient to determine the

benefits of a scenario to commercial fishermen, using equation (2. 22).
Each of the parameters,

x 0 , p and c are inputs to the cost benefit model.

The parameter d is set equal to 1/2.
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2. 5.

The Two Zone Model

To calculate the economic impact of once through cooling to the
striped bass fishery using the, two zone model detailed in section 2. 3,
one simply calculates the impact associated with each zone separately.
This means the number of striped bass fishermen, the growth rates and
Table 2. 4 presents

average catch rates for each zone must be estimated.

the calculations made by the NRC for this two zone model

Striped
Bass
Fishermen

Commercial
Cththe
CthNorth

27

Percent of
Atlantic

Percent of
the
Middle Atlantic

Inner
Zone

159, 359

268, 200 lbs.

31.3%

10.6%

Oute r
Zone

292, 698

1, 969, 000 lbs.

68. 7%

10. 6%

Table 2. 4.

The Two Zone Striped Bass
Fishery Statistics

The figures for the number of striped bass fishermen and the
commercial catch for each zone will be used without further inquiry.
Further the growth rate of striped bass fishermen for the outer zone will
be assumed to be the same as that calculated for the one zone model.

The

growth rate for the inner zone, however, will be adjusted to represent the
slightly smaller growth rate expected in the New York Metropolitan
region.

A recent study by the Port Authority of New York and New Jersey 2.28/
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estimated the average population growth rate for the New York City area
(approximately that region designated as the inner zone) at . 6% over the
years 1970 to 1990.

This gives a range of growth rates, r, equal to

.6%/',

1. 19% and 1. 78% for the inner zone.
Using the percentages found in Table Z. 4, and the sports catches
for the North and Middle Atlantic found in Table 2.'3, the estimated sports
catch for the inner zone was 2, 384, 000 striped bass and the estimated
catch for the outer zone was 3, 995, 000 striped bass.

This leads to an

estimated 1970 average daily catch rate of 1. 23 and 1. 12 striped bass for
the inner and outer zone, respectively.
base estimate of X for each zone.

These values will be used as the

In a similar manner, the catch rates

in 1965 are estimated as 2.77 and 3. 07 striped bass per day in the inner
zone and outer zone,
upper value for X.
will be assigned.

respectively.

These values will be used as an

As a lower value for X, an average daily catch of 1. 0
These estimates as well as those obtained for the one

zone model are summarized below.
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Two Zone Model
One Zone Model

Inner Zone

783,000

159,359

rL

.74%

.6%

.74%

rB

1. Z6%

1.19%

1. 26%

H

.78%
.

1.78%

1. 78%

Fishermen

Outer Zone

292,698

XL

1

1

1

XB

1.51

1.23

1.12

XH

2.14

2.77

3.07

Commercial
Catch

268,200

9,523,000

Table 2. 5.

Parameters of the Probability Model
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1, 969,000

List of Symbols for Chapter II

Ft

Number of striped bass fishermen in year t.

Dt

Number of days an average striped bass fisherman fished
in year t.

Pt

Number of striped bass in the Upper Atlantic.

a

Fractional re duction in striped bass population equal to
I - C(I - R(Si).

C

Contribution of the Hudson to the Upper Atlantic striped bass
population.

Rt( )

Percent reduction of Hudson River striped bass in year t.

S.

Cooling tower scenario.

r

Projected growth rate in striped bass fishermen.

At

Average daily striped bass catch.
Maximum average daily striped bass catch.

Xt

Commercial catch in year t.

S

Pt

The supply price of commercial striped bass in year
t.

p

Consumer price of striped bass.

d

A parameter reduction size of catch to quantity of fishing
effort.
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III.

I.

ECONOMIC EVALUATION FOR COOLING TOWERS- -FOG

Introduction
Under the appropriate conditions,

cooling towers can produce a

visible plume.

In addition, small amounts of ground level fog and ice

are predicted.

These predictions are based on modeling which use

data collected by the various utilities to analyze cooling tower plumes.

2.

The Economic Impact of Increased Fog on Automobiles and Trucks
Fog affects ground transportation by reducing visibility.

results in increased delays and accidents and/or fatality rates.

This
Studies

have shown that the fatalities per accident during fog conditions on
freeways (that is,

controlled access highways) is almost twice that

under non-fog conditions. 3. 1/

Another characteristic of freeway fog

accidents is the increased likelihood of multiple accidents where dozens
of vehicles are involved in a single accident. 3.Z

Delays result because

highway speeds are reduced an average of 5-6 mph in fog.- 3
On conventional roads, fog reduces the accident rate (i. e,
accidents per million vehicle miles) by 6 to 10 percent.-4

Most

explanations of this phenomenon indicate drivers become very cautious
on roads where they may have to make sudden changes in speed or
direction.

Judging from the observed reduction in the accident rate,

speed reduction on conventional roads ought to be at least the same
mag~nitude as for freeways.
The monetary impact of fog on ground transportation can be
assessed by estimating the dollar value of:
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1.

The travel delays which arise from the speed reduction

2.

The value of the expected increase in accidents,
and fatalities on freeways,

3.

injuries

and

The value of the reduced accident injuries and fatalities
on conventional roads.

These estimates are made in the following. sections.
a.

Accidents

Consider a geographical region, or section, containing m miles
of a road which has a traffic flow of f vehicles per hour.
that the section is subjected to

Suppose also

h hours of fog per year, and that the

accident rate under fog conditions is a F whereas the rate under normal
conditions is a 0 .

It is required to obtain an estimate of the increase or

decrease in the number of accidents due to the additional hours of fog
and the number which would occur, were there no fog.
Since available accident rates are expressed in terms of accidents
per vehicle mile, it is first required to obtain an estimate of vehicle miles
travelled under fog.

Such an estimate can be obtained by noting that if on

average f vehicles per hour uise m miles of road, the number of vehicle-miles
per hour is f xm, and since the fog lasts h hours per year,

the number

of vehicle miles travelled per year under fog conditions is f Xm X h.
Then the number of accidents in fog is:

N F= a Fx
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f xmXh,

and the number of accidents which would have occurred, had there been no
fog is:
N 0=

a 0x

f xmrxh.

if, furthermore, the average number of deaths and injuries per fog accident
differ from that without fog, and we let dFand

d 0, denote the average

number of deaths per fog and normal accident; and b Fand

b 0denote the

respective number of injuries per accident, we have
(3.1)

- Change in number of deaths due to fog

(3. .2)

-

Change in number of injuries due to fog

=

N FdF -N 0d0

=

N Fb F-N 0b0

This formulation assumes there is no difference between daylight
hours and nightime hours.

However, much of the predicted increase

in fog (as well as naturally occurring fog) should occur in early morning
hours when the traffic densities are low.

As of this moment, it is not

possible to incorporate this variation into the model because only the total
number of hours of fog and the -average traffic densities are known.
The difference between day and night fog is even more complicated
than indicated above.

One California study-

traffic between 7 p. m.
volume,

indicates that while

and 7 a. m. was approximately 27% of the total

it had roughly 48% of all accidents, or over twice the accident rate

as daylight driving.

And at three o'clock in the morning,

the accident

rate was nearly 8 times as great as at 10:00 in the morning.
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The National

Safety Council found the 1 974 nighttime fatality rate almost 3 times higher
than the daytime rate.
Another aspect of fog accidents observed in the California study was
that most accidents occurred in the "off-peak direction. "

Accidents

occurred in the peak direction also, but usually while traffic was moderate
to light.

The explanation for this phenomenon was that "at high volumes

with short gaps,

drivers are usually in visual contact with the vehicle ahead
3.6/
fog.
continuously- -even during fairly low visibility
The inability to distinguish between day and night conditions ought
to have the following consequences:
1)

Because traffic densities will be lower than average
during hours when additional fog is expected to occur,
the impact of fog will be overestimated.

This is mitigated by the fact that
2)

During nighttime hours, accident rates are considerably
higher (over half the traffic fatalities occur at night) and
the difference between a fog condition and a no fog
condition is accentuated by the light traffic volumes.

Within the recognized uncertainty of the data,

effects (1)

and (Z) above

are counteracting, and therefore equations (3. 1) and (3. 2) ought to remain
valid.
Since the hours of fog predicted to occur differ. over locations
around a particular cooling tower site, it is necessary to subdivide the sites
into sections.

This has been accomplished by defining a two mile rose and

a ten mile rose for each of the sites.

The two mile rose defines a new
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ring every quarter mile radially, while the ten mile rose begins where
the two mile rose ends and defines a new ring every one mile radially out
for a total of ten miles distance from each cooling tower site.

Each ring

is then broken up into eight sections. These roses are illustrated in the
following figures, Figure 3.1 to Figure 3.6.
Let the quantities for section i be:

h.1

: hours of additional fog

F

m.1 : miles of freeway
m.R
1

miles of roads

f:

traffic flow in vehicles per hour on freeways

R

f.1

: traffic flow in vehicles per hour on roads.

Further, define:
F
aF:

for freeways with fog

accident rate

aF
" 0 : accident rate for freeways without fog
R
accident rate for roads with fog
aF:
aR :accident rate for roads withoutfog
With these quantities, using the expressions (3.1) and (3. 2) we obtain for
each section the change in the number of accidents as follows:
Freeways

(3.3)

(3.4)

fog:
normal:

NF

=

F

N

=

F

N R11

m F×

h fF

I

I
XmFX ~

-67-

Kr
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Figure 3. 1.

Roseton, Two Mile Rose
Site Number 1.
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I.

Figure 3.2.

Roseton, Ten Mile Rose
Site Number 1.
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Figure 3.

Indian Point, Ten Mile Rose
Site Number 2.
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Figure 3.5.

Bowline Point, Two Mile Rose
Site Number 3.
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0 t

Pu

a

Conventional Roads
(3.5)

fog:

R

=

NFi

R

R

hfR

aF X m.Xh
1

(3. 6)

normal:

N~R
Oi

=

aR
0 xm

x h.r11

Each accident has some likelihood of a death or injury occurring.
Define
F
dF
F

R

dF

R

fatalities per accident for freeways with fog

fatalities per accident for freeways without fog
fatalities per accident for roads with fog
fatalities per accident for roads without fog

F
bF
F

injuries per accident for freeways with fog

bF

injuries per accident for freeways without fog

bFR

injuries per accident for roads with fog

injuries per accident for roads without fog
The change in number of accidents,

injuries and deaths in each section is

then:
Freeway accidents

AA.

Freeway fatalities

ADF=

Freeway injuries

1

NF
Fi

NF
FO

NF dF
NF dF - N~d
NFidF
0

Fi F
SNbF
FibF
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OiO0
-

NF bF
i 0

=

Road accidents

AA.R
i

Road fatalities

ADR. =

Road injuries

AIR

NR
Fi

S

1

R
N F0
N R dR

R dR
FidF
R dR
FidF

Oid0
R

R
-

0

The societal cost per accident fatality and serious injury has been
estimated in studies done by several agencies,

including the National

Safety Council [19731 3 "-7 / It estimates a value of $110, 000 per fatality,
$4, 600 per injury and $650 for property damage (adjusted to 1976 by the
consumer price index).

The National Highway Traffic Safety Administration

estimates the value of a fata lity at $300, 000. 3. 8/

It is difficult to judge

which of these two estimates of the cost of a fatality is more appropriate
here.

For the sake of consistency, the three values from the National Safety

Council will be used, although this may underestimate the cost of a fatality.
Letting cd denote the cost per fatality, cn the cost per injury and cp the cost
of property damage, the annual societal loss due to the additional hours of
fog in section i is given by:
(3.7)

C.

=

(ADF + AR

)cd

+

(AIF + AlIR)c

+(AAF +

pAR)c

The total cost of fog due to accidents is then obtained by summing
over all- sections i, and all specified locations and discounting back to the
base year.
In New York State, the following accident statistics were recorded
in 1973 (Fatal and Injury Accident Rates on Federal-aid and Other Highway
Systems / 1973, U.S. Dept. I of Transportation, Federal Highway Adminis
tration and New York Department of Transportation).
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Inter s tat e
Highways

Accidents

Non-Ihterstate
Highways

T otal

19, 286

363,135

382,421

Fatal Accidents

215

2, 572

2,787

Fatalities

256

2,826

3,082

Non-Fatal
Injury Accidents

10, 106

197, 881

207,987

Non-Fatal Injuries

16, 963

299, 521

316,484

Accident Rate
(per million vehicle miles)

1. 80

6. 38

5.38

Death/accident

0. 0133

0.0082

0.0085

Injuries/accident

0. 88

0.87

0.87

Table 3. 1.

Accident Statistics for the State of New York/1973
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Inter s tat e
Highways

Accidents

Non-I nterstate
Highways

T otal

19, 286

363,135

382,421

Fatal Accidents

215

2, 572

2,787

Fatalities

256

2,826

3,082

Non-Fatal
Injury Accidents

10,106

197, 881

207,987

Non-Fatal Injuries

16, 963

299, 521

316,484

Accident Rate
(per million vehicle miles)

1. 80

6. 38

5. 38

Death/accident

0. 0133

0. 0082

0.0085

Injuries/accident

0. 88

0.87

0. 87

Table 3. 1.

Accident Statistics for the State of New York/1973
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The effects of fog on the highways of New York in 1973 are summarized in
Table 3. 2 below.
Non-Fog
Percent
of total
Number

Fog
Number

Percent
of total

54

1.7%

2733

Injury accidents

1746

54.0%

210970

Total accidents

3221

100.0%

379200

Fatal accidents

Table 3. 2.

'New York Fog Accident Statistics

-

.74%

56.0

%

100.0 %

1973

Given that there was an accident, a fatality was 2. 3 times more likely
under fog conditions than under non-fog conditions.

With some simplifying

assumptions, this implies the number of fatalities per accident under fog
conditions on freeways was approximately
was . 0189.

.

031, and on conventional roads it

On the other hand, fog does not appear to influence injury rates,

and so the injuries per accident under fog conditions will be assumed to be
the same under non-fog conditions and will be as in Table 3. 1.
Previous studies have indicated that on conventional roads, fog
causes the accident rate to decrease six to ten percent.

If eight percent

is used, this gives an accident rate on conventional roads of 5. 9 accidents
per million vehicle miles.
The freeway accident rate under fog conditions is not known.

The

substantial increase in multi-vehicle accidents during fog on freeways
indicates, however, that people will drive faster than is safe.
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Thus it

will be assumed that the accident rate under fog conditions is at least as
large as the accident rate under non-fog conditions, and as a lower bound,
no change will be assumed.
These results are summarized below, giving the calculated impact
on freeways and roads for each additional million vehicle miles under fog
condition.

Freeways
Fog

Non Fog

Change

Number of
Accidents

1. 8

1.8

0

Number of
Fatalities

1.8 x .031

1. 8 x .0133

Number of
Injuries

1. 8 x.88

1. 8 x .88

Cost

0
.032

$3520

0

0

T otal

$ 3520

Roads
Fog

Non Fog

Change

Cost

Number of
Accidents

5. 9

6. 38

-. 48

-$312.

Number of
Fatalities

5. 9 x .0189

6. 38 x . 0082

Number of
Injuries

5.9 x .87

6. 38 x .87

.057

$6301.

-. 418

-$1421.

Total

Table 3. 3.

$4068

Cost for Each Additional Million Vehicle Miles
under Fog Conditions
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The cost benefit program calculates these costs for each section
and then sun-s over all sections and all specified sites to give the yearly
cost.

These values are then inflated and then discounted back to the base

year and summed over all years of the study.
National Safety Council statistics indicate that the number of
vehicle miles has increased at a rate a little over -3% per year sirnce 1960.
The recent gas shortage has slowed down this growth rate somewha t, but
it seems safe to assume the traffic densities will continue to grow at
least as fast as the population.

Thus freeway and road traffic densities

are assumed to increase at a rate of

.

6% per year in line with the

population projections of the New York Metropolitan Region given in
Chapter IL.
The inputs to the program include all numerical and economic data.
Only the general formulas are built in.

The data specifying hours of fog

generated by a cooling tower site is determined by the appropriate Utility
(as is,

in fact, all cooling tower related data which would depend upon

what type of tower is installed).

Mathematica is responsible for all

remaining data.
b.

Delay

Studies have indicated that cars and trucks slow down approximately
5 miles an hour under fog conditions.

To calculate the cost of this delay,

define

VF :

average speed on freeways

VR:average speed on roads

V F :average speed on freeways with fog
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R

VF

average speed on roads with fog

:

f.i

average traffic flow for cars on freeways in section

R
fci

average traffic flow for cars on road in section i

F
ti :average

traffic flow for trucks on freeways in section-i

fR. :average traffic flow for trucks on roads in section
If there are m F
i
fF
CI

i

i.

miles of freeway in section i with a car traffic flow of

(vehicles per hour), then the average number of cars on freeways

in section i is
C.

(3.7)

VF

f

= m
i

1

ci

0

Similarly, the average number of cars on roads in section
(3.8)

i

i is

RfR ivR

-

i ci /

0

'

and the average number of trucks on freeways is
F

T.F =mFfF

(3.9)

0

i ti

i

while on roads, it is

(3.10)

i

=

m

1

ti

/

R

C

If h.i hours of additional fog per vehicle in section i are predicted for
section i, then the total delay, that is,

the time lost multiplied by the

number of cars and trucks involved, would be approximately for cars
h. CF (VtF-

/

freeways:

DF

=

roads:

Dci

= h.C.R (V R
0 - VR)/Vo

and
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Similarly, for trucks one gets
freeways:

F ,F
F
D ti = h iT i (V 0

roads:

D

-

F
F
VF)/VO0

and

ti

=

hiT R(V

i i

R

- vK)/V

0

R

FO0

The cost of delay is obtained by multiplying the total delays by the cost of
respectively.

an hour of delay for cars and trucks,

A large number of economic studies have dealt with the estimation
The best available estimates are that

of values for private travel time.

in-vehicle travel time.is valued at about 40 percent of the traveller's wage
rate (Institute for Defense Analysis

33.
- - 9/

.

:

The average per capital

3.10/
income in 1974 was estimated at $6, 244.
1976 anddividing by 1920,

the number of hours worked per year,

taking 40 percent of this value,
each hour of delay.

Adjusting this to the year
and

one get an estimate of $1.49 per hour for

Multiplying this hourly figure by the average car

occupancy factor of 1.93. 11/ yields the cost per hour of auto delay equal
to $2. 83.
For trucks engaged in freight transportation, and assuming that the
value of the delivered product is

not affected by the delay, an appropriate

estimate of cost per hour delay is the cost incurred to keep the vehicle on
the road,

which includes the driver's wage plus other variable costs

that may be a function of hours of operation.

A report by the Interstate

3.12/
Commerce Commission

indicated that in 1965 these hourly, costs for

Class I and Class II carriers averaged about $6.43.
are made up mainly of drivers wages,

Since these costs

and in view of the fact that the

hourly earnings in transportation increased 100 percent from 1965 to 1976
(average of 6. 54 percent per year, Table No. 594, Statistical Abstract
3. 13/
1975) 3
, the appropriate rate in 1976 is $12. 90.
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The cost of delay to cars and trucks in year t is obtained by
calculating the cost in each section i for cars and trucks for freeways
and roads as

(3.11)

+ D .R X

cars:

(Dc
F

trucks:

(D.F±

$2. 83

and
(3. 1Z)

ti.t

D R.)

X

$12.90o

These values are sumnmed over all sections and all sites, inflated, and
then discounted back to the base year.

As with accidents,

traffic volumes

are increased each year directly proportional to projected population
estimates.
The Region 8 Office (Poughkeepsie) of the Department of Transporta
tion of the State of New York estimates the average speed of vehicles
travelling on roads and freeways as V0R

50 and V0F

59.

The speed

of vehicles under fog conditions is assumed to be five miles an hour less.
This reduction will be even more during nighttime hours, creating
additional costs, compensating for the lighter traffic volumes at night.
Typically, a section might include a mile of freeway having two
hundred automobiles on it at any one time.

The delay cost of one additional

hour of fog would then be:
$ 2. 83 X 200 X< (59
3.

-

54) / 59 = $47. 97.

The Economic Impact of Increased Fog on Railroads
The area-in the vicinity of the three power plant sites includes railroad

tracks on both the East and West banks of the Hudson River.

An estimate

of the delay caused by additional hours of fog can be obtained in a way
similar to that outlined for roads and freeways.
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For each section i,

define

m.1

:

i

miles of track in section

fFT
1

average number of freight trains per hour

fPT

average number of passenger trains per hour

FT

V FT:

speed of freight trains

V FT :

speed of freight trains under fog conditions

V PT:

speed of passenger trains

PT:
VF

speed of passenger trains under fog conditions

h.

hours of fog in section

i

The total hours of delay for freight trains as in Section Zb, is

D.F
I

freight:

=

(in.!

F

FT

f

T

FT\

FT

h

(F)

____F___0__x_

and for passenger trains, is
PT

P PT
passenger:

D.

=

PT 0P

(V

P

F

x h

Consolidated Rail Corporation has estimated the labor and per diem
cost of equipment of freight trains at $63. 86 an hour and passenger trains
at $31.80 an hour. 3 _14/ Including the cost of delay of passengers, which
on average have 120 passengers, that is

120

X

$1.49 = $178.80
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the cost for one hour of delay to a passenger train is approximately $210. 60.
Multiplying these figures by their respective hours of delay
D 'T

and summing over all sections and all sites,

delay for freight and passenger trains.

D.P

and

gives the total cost of

The cost benefit model then inflates

and discounts this back to base year and sums over the years of the study.
R. K. Patterson, General Manager of Consolidated Rail Corporation
states in part: .15
"It is difficult, if not impossible, to advise the effect
an increased amoung of fog produced by cooling towers would
have on railroad operations, unless more, were known as to
how thick the fog might be.
To the best of my knowledge, our railroad operation
has not been affected by fog resulting from atmospheric
conditions. If the density of fog were to be increased to the
extent that signals could not be properly identified by engine
men then there would be an impact on railroad operations."1
Naturally occurring fog has not until now affected railroad operations
and any fog generated by cooling towers would have to be thick enough to
obscure signals before it did.

The density of cooling tower fog compared

to naturally occurring fog is not known at this time and so there is no
assurance that this fog will affect train operations.

For this reason, we

V FTand
VF=
F
0
If it is established some

will assume trains are not delayed by fog, that is,
VPT =VPT and the economic impact is zero.
V0
=
F

time in the future that trains do slow down, the economic impact under
this assumption can easily be computed by appropriately adjusting VFT
PTF
and V F.

4.

These are separate inputs to the cost benefit model.

The Economic Impact of Increased Fog on Ships and Barges
The Hudson is an important commercial water-way which connects

the ports of New York and Albany.

During 1970 the port of Albany

received or shipped 9, 610, 040 short tons of cargo, of which 1, 931, 689
_-84-

short tons were foreign imports and 442, 907 short tons were foreign
A full 86%/ of this cargo was made up of jet fuel, fuel oil and

exports.

residual fuel oil.
Regarding the behavior of vessels when encountering fog in the
3
Hudson River, the following .has been learned.
1.

6

Vessel traffic slows down or even stops upon
encountering fog.

Ships can anchor at only two

points on the River (Haverstraw Bay and near
Albany) so that whether a ship stops or simply
slows down depends on its location and proximity
Barges, however,

to an area affected by fog.

can stop almost everywhere.
2.

If vessels cannot lay anchor they proceed at the
minimum speed required for steerability,
knots for barges and -4

3.

..

5

knots for ships.

Ordinarily ships travel at 10 knots and barges
between 3 and-9 knots.

4.

Collisions and other navigational accidents seldom
occur in the Hudson River, in spite of some
occurrences of natural fog.

Given the above observations,

several approaches can be used to

derive formulations for estimating the delays to river transport caused by
the cooling tower fog.

One approach is to assume that all vessels stop

when encountering fog; this would yield an overestimate of the actual delay.
.A compromise approach would be to assume that barges always stop when
-85-

encountering fog, but that ships would only slow down.

How valid this

assumption is would depend substantially on how .thick cooling tower fog
really is.

Define
miles of river in section i

number of barges per hour in section- i
number of ships per hour in section

i

speed of ships

speed of ships under fog,conditions

speed of barges

speed of barges under fog conditions
h.
'I

hours of fog in section i

The total delay for ships and barges in section i would be calculated
just as for cars and trucks and would be

(3.15)

S

hmf(VS
S
D. hm~S
0

ships:

VS 2

F)/V

and
(3.16)

barges:

DB
1

=

.fB
1

11

(VB

VB

0

F

VB 2
0

Multiplying these quantities by the cost of delay for ships and barges,
summing over all sections and all cooling tower sites, determines the cost
of delay.

These values are then discounted back to the base year and

summed over all years of the study.
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The speed of a barge or ship will be assumed to be around 6 knots
and 10 knots respectively.
V

S
,will
F'F

The speed of a ship under fog conditions,

B
be taken to be 4 knots while for a barge, Vt,

it will be assumed

to be zero.
The cost for merchant ships is reported as $290 an hour 3.17/
(adjusted to 1976) and for a tug boat with barges a range is given of $46
to $123 an hour (adjusted to 1976).

Inland Waterway Transportation3.8

estimates the cost of delay for barges at $90 an hour (adjusted to 1976),
and since this is within the previous. interval, this value will be used here.
The Army Corps of Engineers Z.l9/compiles annual data on water
borne commerce for each major U. S. waterway.

The traffic data is

separated into classes of vessels and the number of trips of each vessel
is reported.

The classes of vessels are passenger and dry cargo ships,

tanker ships,

tug boats, dry cargo barges and tank barges.

Because

barges are pulled or pushed by tug boats, the total number of vessels
using the river can be obtained by adding the number of ships and tug boats.
Calculations made in this way for 1974 show 13,416 barge trips between the
Harlem River and Waterford, New York (Albany).

The Hudson River Pilots

Association list 657 ship trips, 3.Z/between the Harlem River and
Waterford excluding the.Day liner in 1975.

If the 436 one-way Day liner

trips made each year between New York and Poughkeepsie are added in,
this gives 1093 ship trips in 1974.

The value of fS and fB

,

the number of

ships and barges per hour, is estimated from these figures as . 125 and
1. 53 respectively.
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5.

The Economic Impact of Increased Fog on Airplanes
At Indian Point and Bowline Point, the only air activity which may

be affected is the sea plane base at Verplanck, app roximate ly 1. 6 mile s
south of Indian Point and about 1. 8 miles north of Bowline Point.

In view

of the low levels of activity at this base, fog impact here can be considered
negligible.
Stewart Airport is approximately 8 miles west southwest of
Roseton and is the flight training center for West Point cadets.

At present

there are few large planes operating out of Stewart, although an interna
tional terminal is expected to open in 1977. 321

Teesimtd

ume

of flight operations (a takeoff or a landing) in 1975 was 130, 000 and this
is expected to increase linearly to 344, 000 in 1987.

Of these operations,

approximately 20 percent were military, 50 percent were private general
aviation, and 30 percent commercial.

The only regularly scheduled

commercial flights are four light aircraft trips to and from La Guardia.
The rest of these commercial flights are charters.
Although fog can be expected to increase the risk of an accident, no
relevant figures could be found.

Stewart Airport does not keep such

statistics and conversations with the Federal Aviation Agency indicate

statistics from other airports are apt to be meaningless.

In any case,

within the predicted level of additional fog, any cost associated with
increased likelihood of accidents is considered small.
Many flights are planned under visual flight rules, and are canceled
when fog occurs.

Dividing the total number of operations by two (since each

flight requires two operations) and then taking 80 percent, one obtains the
approximate number of commercial and private flights.
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Dividing again by

the number of hours in a year, one obtains an average of 5. 93 flights
per hour in 1975, increasing to 15. 70 flights per hour in 1987.

Presum

ably, this rate will continue to increase, but such an assumption will not
be made hereV because the number of flights calculated for years after
1987 will be the same as 1987.
delayed by fog.

This may

It will be assumed that every flight is

overestimate the impact of fog on air travel,

but this possible upward. bias is not considered critical.
The cost of delaying a flight or the inability to land because of fog
is complicated by the wide range of planes available.

As a minimum

value, the cost of renting a light plane for one hour can be used.

This

would include such costs as depreciation and gasoline which are not in
curred when the plane is not used, and so a more accurate figure would be
obtained by subtracting these variable costs.

On the other hand, the cost

of delay to pilot and passengers and the inconvenience of perhaps having
to land at an alternate airfield should be added to the rental figure.

These

two effects should cancel, leaving a reasonably accurate evaluation of the
cost of delay.

The going rate at Stewart Airport for the smallest plane

available, a Cessna 150, is $20 per hour, and if this figure is multiplied
by the number of flights per hour and the estimated number of hours of
additional fog, a lower bound for the cost of additional hours of fog at
Stewart Airport is obtained.

As before, these values are inflated, then

discounted back to the base year and summed over all years in the study.
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6.

Calculation of Miles of Road and Traffic Volumes
Seventy-two traffic roses are needed for the study of the effects

of fog conditions on traffic.
of freeways,

Traffic is described for the four categories

roads, railroads, and rivers.

is further divided into three subcategories.

Each of these categories
A two-mile rose and a

ten-mile rose are used for each subcategory.

Thus, twenty-four traffic

roses are required at each of the three power plants.

In this section we

describe the method used to obtain these roses.
a.

Mileage Calculation

Each of the two-mile roses defining total miles were calculated by
using the 1:9600 Series Planimetric Urban Area Maps issued by the
New York State Department of Transportation.

The radius of a scaled

two-mile circle on these maps is 13. 2 inches.

A map meter having a scale

of

.2,5

was used on these maps to estimate mileage.

Careful use of a

map meter gives a reading to within. 1251 or, when scaled up by 9600, an
error within . 02 miles.
Each of the ten-mile roses were calculated by using the 1:24000
scale U.S. Geological Survey Maps.
have a radius of Z6. 4 inches.

At this scale, the ten-mile roses

An error of 1/8" on these maps is equivalent

to 0. 047 miles.
Clear plastic overlays for the two-mile and ten-mile roses were
constructed for the 1:9600 and 1:24000 scale maps, respectively.

These

were centered at each of the three power plants with proper orientation.
Highway route numbers (or names) and miles were recorded for each
sector.

Miles for each railroad were also recorded for each sector.
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Railroads were carefully labelled so that, for example, the Penn Central
Railroad along the east bank of the Hudson River could be distinguished
from the Penn Central Railroad along the west bank.

Section miles along

the Hudson River were calculated by running the map meter along the
center of the river.

b.

Traffic Volume Calculations

For obtaining traffic volumes, major roads and freeways a re
divided by the New Yo-rk State Traffic Volume Report 32/into

traffic

control sections, defined as lengths of highway throughout which the
traffic volumes are assumed to be approximately equal.

A traffic control

section begins and ends at points where there is an appreciable change in
traffic volumes, that is,

at intersections with major highways or at

locations of major traffic -generating features.

These traffic control

sections range in length from less than a tenth of a mile to several miles.
The information in the Traffic Volume Report was transferred to
composites of 1:24000 and 1:9600 maps made by adjoining contiguous maps
End mile points defining traffic

until the required areas were obtained.

control sections given in the Traffic Volume Report were located and
marked for each of the state highways.

Within each control section, the

latest estimated annual average hourly traffic (AAHT) volume
(calculated from average daily traffic volumes) in which the count was
made was determined and these values were then read from the map. to
formulate the volumes for the roses.
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0

Roads With
Route Numbers

Interstate Highways
and Toll Bridges

Other Roads

6

45

207

Bear Mountain State Parkway

9

9

52

208

Bridge Road (Roseton)

9W (West Point)

9A

59

218

Maple Ave (Stony Pt.)

17

9D

82

293

Merritt Road (Highland Falls)

84

301

NY - Albany Rd (Verplanck)

Mid-Hudson Toll Bridge

9E

(Peekskill) :

9G

90

303

Oregon Rd (Stony Pt)

287

9W

94

304

Tate Ave (Verplanck)

Newburgh - Beacon Bridge

100

307

Temple Ave (Dansk)

Palisades Int. Parkway

117

376

Thayer Ave (Highland Falls)

Taconic State Parkway

32

118

403

Riverside Ave (Verplanck)

Tappan Zee Bridge

35

129

Pines Ave (Verplanck)

38

133

Vassar Rd (Roseton)

44

202

11

Table 3. 4.

(NY Thruway)

List of Heavy Duty Roads and Toll Bridges
Used for Traffic Volume Roses

All roads defined as heavy-duty roads on the USGS maps were used
These included the Palisades Interstate

in the calculation of the roses.

Parkway, Taconic State Parkway, all toll bridges, all state or interstate
roads with route numbers, and a few roads defined as heavy-duty roads
Traffic volumes for the Palisades Interstate Parkway

with no route numbers.

and Taconic State Parkway were Aupplied by the Region 8 Office of the
Planning Division for the Department of Transportation at Poughkeepsie,
N.Y.

Other roads having no assigned route numbers and thus not listed in

the 1974 traffic volume report were assigned AAHT volumes ranging
from 160 to 280 depending on the AAHT's listed for similar, nearby roads.
Table 3.4 lists the heavy-duty roads recorded in the two-mile and ten-mile
roses.
When several roads lie in a given sector, the AAHT for the sector
should satisfy the condition
t. = fR x MR
L

L

L

where t. is the total vehicle-miles,
L

f.R is the AAHT for the section, and

R
m.L is the total miles of roads for sector i.

Thus, the AAHT on roads for

sector i is defined to be the weighted average:
m..R
_i
=
j M.R

R

f.R

whr

where

R

f.R
.
ij

and

m ij

within sector

n
i

,

..

-

xfR

ij

.th

are the total miles and AAHT for the

and

M.R
1

R
j M.ij
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j

road lying

Similar calculations are made for freeways, and the AAHT for trucks, cars,
freight trains, and passenger trains are obtained from thbe above formulae.
The highway volumes given in the traffic volume report are the
combined volumes of trucks and automobiles.

Data giving the individual

truck and automobile volumes are available for toll roads and bridges.
The percentage of traffic consisting of trucks can also be estimated from
the number of truck and automobile registrations in the states.

Consultation

with the NY State Thruway Authority, the NY Port Authority and the
Regional Office of the Planning Division for the Department of Transportation
at Poughkeepsie resulted in an estimate of twelve percent of the total
volume equal to the average truck volume.

This figure was used to obtain

truck volumes on all of the highways with the exception of the Palisades
Interstate Parkway and the Taconic State Parkway, where no trucks are
allowed.

A computer program was written to convert total traffic volumes

to truck and automobile volumes.
Train volumes along the Hudson River were provided by K.
Tomasevich of Consolidated Rail Corp. 3.23/
are operated on the east side of the Hudson.

J.

The only passenger trains
These are the 30 ConRail

commuter trains and 16 Amtrack trains per day.

There are 6 freight

trains on the east side and 12 freight trains operating on the west bank.
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List of Symbols for Chapter III

Accidents
h.

Hours of additional fog in section i

F
m.i

Miles of freeway in section i

R
m.i

Miles of roads in section i

fF

Traffic flow in vehicle per hour on freeways in section i

fR

Traffic flow in vehicle per hour on roads in section i

F
aF

Accident rate for freeways with fog

a0

Accident rate for freeways without fog

R
aF

Accident rate for roads with fog

R
a0

Accident rate for roads without fog

NF

Number of freeway accidents in section i in fog

NF
0.

Number of freeway accidents in section i Without fog

F.
N0R

Number of road accidents in section i in fog

NF

Number of road accidents in section i without fog
Fatalities per accident for freeways with fog

dR
F
dFR

Fatalities per accident for freeways without fog

d0

Fatalities per accident for roads with fog

bR
dF

Fatalities per accident for roads without fog
Injuries per accident for freeways with fog

bF
F

Injuries per accident for freeways without fog
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Ab R
Ab

R

Injuries per accident for roads with fog
Injuries per accident for roads without fog

AA F

Change in freeway accidents

AD Fi

Change in freeway fatalities

AI.Fi

Change in freeway injuries

AA.R

Change in road accidents

AD.R1

Change in road fatalities

AI R
1

Change in road injuries

i

.1

a

Cost of additional hours of fog due to highway accidents
in section i

Delays
"F
0

Average speed on freeways

"R
0

Average speed on roads

"F
F

Average speed on freeways witn fog

"R
F

Average speed on roads with fog

fF
ci

Average traffic flow for cars on freeways in section i

R
fci

Average traffic flow for cars on roads in section i

f

Average traffic flow for trucks on freeways in section i

ti

fR
ti

Average traffic flow for trucks on roads in section i

C.Fi

Number of cars on freeways in section i

CR
i.

Number of cars on roads in section i
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TF
1

Number of trucks on freeways in section i

I

TR

Number of trucks on roads in section i

D Ci

Hours of delay for cars on freeways in section i

R
D.
ci

Hours of delays for cars on roads in section i

DF

Hours of delays for trucks on freeways in section i

ti

DR
Dti

Hours of delays for trucks on roads in section i

D.
Railroads

M.
FT

Miles of track in section i
Average number of freight trains per hour

.F

fPT

Average number of passenger trains per hour

V
V0

PT
VF

Speed of freight trains
Speed of freight trains under fog conditions

VPT
V0

Speed of passanger trains

VPT
VF

Speed of passenger trains under fog conditions

D.FT
I.

DPT
D.
t.

Total hours of de-lay for freight trains in section i
Total hours of delay for passenger trains in section i

Ships and Barges
m.

Miles of river in section i

f.B
I.

Number of barges in section i

f.S

Number of ships per hour in section i

3.
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B
V0

Speed of barges

vB
F

Speed of barges under fog conditions

S
V0

Speed of ships

S
VF

Speed of ships under fog conditions

B

D.

Total hours of delay for barges due to fog

DS
D.
[.

Total hours of delay for ships due to fog
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IV.

1.

ECONOMIC EVALUATION FOR COOLING TOWERS

-

ICE

Introduction
Exactly when cooling towers cause ice, as with fog, depends upon

many factors, such as the type of tower implemented, the ambient air
temperature, relative humidity near the ground, and enthalpy emissions.
Computer simulations by the utilities can calculate, section by section,
the predicted number of hours of additional ice, if any, due to cooling towers
that would be sufficient to interfere with ground traffic.

As with fog data,

these calculations are external in the cost-benefit model.
Generally, if ice were predicted, it would occur only in locales
neighboring the sites.

This is because this impact is caused mostly byr

droplets entrained in the cooling tower plume, as opposed to water vapor,
and droplets will fall out relatively quickly.
If ice accumulations occur at the Hudson River sites they would
affect road traffic (there are no freeways within the predicted range), but
the impact on railroads or river traffic should be insignificant.

There

are no airports sufficiently close for air traffic to be affected either.

Thus,

the only adverse effect of ice which is modeled is the way ice would change
accident rates and cause delays on roads for cars and truck s.

Any in

creases in the cost of operating and maintaining plant equipment due to
icing will be included in operating and maintenance cost.
2.

(See Chapter VII.)

Impact of Ice on Road Accidents and Traffic Delays
The accident statistics for the State of New York in 1973 showed

22, 446 accidents occurring when the road condition .was classified a's
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Of these, 96 were fatal

snowy, a reasonable substitute for icy conditions.

accidents, 10, 033 were non-fatal injury accidents, and 12, 317 involved
just property damage.

That is, the fatal accidents were

.

4287o of the total,

or only 5616 as high as under non-snowy conditions (. 7630/).

The percent

of accidents inv olving injuries under snowy conditions was 44. 7%' of the
total or only 791%as high as under non-snowy conditions (56. 3%0).

Both of

these values imply icy conditions should be much less dangerous than
ordinary.

Presumably people slow down so much that serious accidents

are rare.

Since

.

0082 fatalities occur per accident on roads overall (see

Section 3. 2), we estimate the number of fatalities per accident under icy
conditions is

.

56 x

.

0082, or

.

0046.

Similarly, the number of injuries

per accident under icy conditions would be

.

79 x

.

87, or

.

70, where

.

87

is the injuries per accident on roads generally.
An estimate of the accident rate under icy conditions is not known,
but a lower bound to this rate can be obtained by examining the difference
between summer and winter accident statistics, since some of the roads
and highways will be snowy or icy some of the time during winter months.
Using December through March as representative winter months and June
through September to represent ordinary circumstances,

the calculated

fatality rate for winter using National Safety Council data 4. 1/, was 92. 2%
of the fatality rate for summer.

(4.1)

/

Acietrate

fo

Since

Fatalities

fFatality rate

iceJ

per accident

for ice

for ice/

/

-~.922

Fatality rate
generall/
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1+

/ perFatalities
accident
for

ice]

The accident rate for ice can be calculated as
.922 (6. 38) (. 0082)
0046

accident rate
for ice

10. 49 accidents per million vehicle miles

-

The cost per- million vehicle miles under icy conditions is calculated
as in Table 4. 1.

The costs of property damage, injuries, and fatalities

are given in Chapter III.

#of Accidents
without
Ice

# of Accidents
with
Ice

Cost

Change
4

1

*

9-

4.11

Property Damage

10.49

6. 38

Fatalities

10.49 x .0046

6. 38 x

0082

-.

Injur ie s

10. 49 x . 7

6. 38 x

87

1.79

2, 672

00406

-447
8, 245
10, 470

TOTAL
Cost of Ice per Million

Table 4. 1.

Vehicle Miles
The cost benefit model calculates the cost of ice by the following formula,
which is applied to each section around each site, inflated appropriately
and then discounted back to the base year of the study.

of ice per

(4.2)
47

section
)

All figures are inputs to the model.
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numbe r of
rehicle mile
per hour
per section

The observed 78% decrease in fatalities per accident and 26% de
crease in injuries per accident under snow conditions indicates that
motorists slow down considerably under such conditions.

This is confirmed

by personal experience obtained while traveling on icy roads through some
central western states.

Speeds had to be reduced from 60 miles an hour

to considerably Less than 40 miles an hour over extended periods of time.
Greater reductions could be expected in the Hudson highland area where
the hilly terrain and heavy traffic densities would require even greater care.
This observed 33% reduction in speed will therefore be considered a Lower
bound for speed reductions on roads due to ice.

Assuming, as before,

that people travel on roads at 50, miles an hour ordinarily, this implies
the speed under ice conditions is no more than 34 miles an hour.

Using

the same cost of delay formula as found in Section 3. lb for fog but substi
tuting speed under ice conditions for speed under fog conditions, and hours
of ice for hours of fog, one obtains the cost of delay due to ice.
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References for Chapter IV
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V.

1.

ECONOMIC EVALUATION FOR COOLING TOWERS

-

SALT DRIFT

Introduction
A high concentration of airborne salt particles is a form of air

pollution which can result in a decrease in property values.

High accumu

lated deposits of salts have monetary impacts due tb the possibility of
increased corrosion and vegetation injury.

Table 5. 1 summarizes the

impacts of salt deposition and some measure of costs.
The corrosiveness of air contaminated by salt particles is well
documented.

The potential corrosion problem is evidenced in Table 5. Z~1

which shows the relative corrosivity of steel and zinc in rural and marine
atmospheres.

Table 5. 2 shows that steel corrodes up to 13 times as much

in a marine environment as in a rural inland environment.

This corrosive

ness from the marine environment is greater than a heavy industrial
environment.
The use of saline water as a coolant results in an increase of
atmospheric salt concentration and a corresponding increase in salt deposits
in the vicinity of a cooling tower.

Airborne salt particles are formed when

water droplets inside the tower are carried outside by the air flowing
through the tower.

Outside the tower, the droplets are called drift.

Drift

has the same chemical composition as the circulating water in the cooling
tower.

The costs of salt drift from cooling towers due to corrosion at the

generating plants are included in the estimated maintenance and operating
costs of the towers.
The

(See Chapter VII)

next two sections describe the methodology used to evaluate

the remaining two costs: vegetation and property.
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Table 5. 1.

Types of Impact of Salt Drift (and Their Costs)

Activities
Impacted

Types of
Impact

Sources of
Cost

Surrogate Measures
of Cost

Vegetation

Necrotic
foliar injury

Loss of forest
resources and
ornamentals.

Replacement cost.

Real estate

Increased
corrosion of
private
property.

Desire to
relocate.
Decreased
attractiveness
of property.
Increased
maintenance
costs.

Decrease in property
values.

Station
structures

Increased
corrosion of
concrete,
mild steel
and electrical
structures.

Increased
maintenance
costs..

Table 5.2.

Corrosivity of Atmospheres Towards Steel and Zinc
at Selected Locations Relative to That of State College,
Pennsylvania

Relative Corrosivity
Steel
Zinc

Location

Type of Atmosphere

State College, Pa.

Rural

New York, N.Y.
(fall exposure)

Industrial

6.o

3.7

Kure Beach, N.C.
800-ft. site

Marine (800 ft. from ocean)

1.8

1.7

Kure Beach, N. C.
80-ft. site

Marine (80 ft. from ocean)

1.0
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13.0

5.7

2.

The Monetary Value of Vegetation Damage
Salt injury could occur in the vegetation of surrounding forests and

meadows as well as in ornamentals at private residences.

The existing

vegetation serves many purposes, the most important being recreational
(e. g. in parks), aesthetic (travelers and residents receive aesthetic benefits
from seeing the vegetation), habitat for animals, oxygen production, and
erosion control.
Vegetation injury, although a function of airborne salt concentration,
is caused primarily by salt deposition.

When salt deposits accumulate for

a sufficient period of time on susceptible vegetation, injury is expected.
The worst case accumulation and injury is predicted to result when high
river salinity and drought condition occur simultaneously.
The method used for estimating monetary value of saline drift
injury to vegetation is a determination of the estimated dollar cost of
replacing injured trees at prevailing wholsale prices.

Limitations inherent

in the replacement cost approach include:
1.

The actual monetary value of some full size ornamental
and woodland trees may be underestimated.

2.

Tree values such as erosion control, wildlife habitat and
oxygen production are not monetized.

3.

It Must be assumed that saline induced foliar necrosis is
sufficient cause to incu r replacement cost.

The monetary value of vegetation loss is calculated from the
following information:
1. Resuots from Con ]Edison's salt-drift dispersion models or
other appropriate models.
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2.

Results from the studies on vegetation injury from salt-drift
exposure carried out by Boyce Thompson Institute.

3.

Inventories of salt-sensitive species surrounding the towers.

4.

Estimated wholesale replacement costs for salt sensitive
species.

Information provided by 1) and 2) above can be used to estimate the
areas of potential botanical injury, the susceptible plant species, and the
estimated percentage of each species potentially injured.

Information

provided by 3) and 4) can be used to estimate the numbers of susceptible
species in potentially affected areas and the cost incurred if injured trees
were to be replaced at prevailing wholesale prices.
The primary vegetation monetary losses are expected to be due to
injury

of dogwoods, hemlocks, and white ash trees.

MATHEMATICA

discussed the cost of replacing dogwoods, hemlocks, and white ash- trees
with Mrs. Robert T. Ott of the landscape architectural firm Trees On The
Move, in Cranbury, New Jersey.

Minimum (wholesale) costs of replacing

these trees are shown in Table 5. 3

Table 5. 3.
Tree Type

Minimum Costs of Replacement
Size

Minimum Cost

Dogwood

10-12 feet

$150

Hemlock

8-10 feet

$150

.14-18 feet

$250

White Ash
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The cost of a tree increases at an increasing rate with the size of the
tree; because of this, the cost of replacing mature dogwoods or hemlocks
would be $600 per tree or higher.

Full-grown dogwoods, hemlocks, or white

ash trees are not often commercially available and are expensive to move.
It cannot be expected, however, that residents would be satisfied with having
full-grown trees replaced by immature trees or seedlings, and the values
given in Table 5. 3 may seriously underestimate the cost of losing a mature
tree.

On the other hand, the value of trees in forested areas may be

substantially less than those in residential areas.

I a tree which is

injured by salt has passed its prime of life, its value could also be less.
Because of these factors, the value assigned to those dogwoods, hemlocks
and white ash which would have to be replaced due to salt injury would vary
widely.

The values given in Table 5. 3, however, are considered reasonable

within'the variability outlined above.
The cost benefit model computes the cost of vegetation injury in
year i by the following formula.

VC.

ND.

CD+ NH.

CH +NWA.

CWA + NO.

CO

where ND.

=

the number of dogwood replaced in year i

NHl

=

the number of hemlocks replaced in year i

NWA.i

the number of white ash re placed in year i

NO.

=

the number of "other" trees replaced in- yeari

CD

=

the cost of replacing a dogwood

CH

=

the cost of replacing a hemlock

CWA

=

the cost of replacing a white ash

CO

=

the cost of replacing an "other" tree

-110-

The number of trees replaced are inputs to the model and are provided by
the appropriate utility.

The cost in year t is also user input.

The cate

gory "other" trees is included to account for special vegetation losses.
The cost in year t is inflated appropriately and then discounted back to the
base year to give total sum present worth of salt impact on vegetation.
3.

The Monetary Value of Property Damage
Air pollution can have a negative effect on property values.

There

have been studies that developed relationships between air pollution and
residential property values to obtain the monetary impact of pollution on
property values.

Decreases in property values can be caused by increased

maintenance costs, increased depreciation rates, and other physical and
visual disadvantages caused by air pollution.
The studies relating air pollution and property values used
regression analyses between value of residential properties and measures
of air pollution, neighborhood, accessibility, site and submarket character
istics.

The air pollution measures used were annual mean sulfation

and particulate levels.

Table 5. 4 summarizes the results of some of

these studies.
The six studies

obtained similar results.

The estimates of air

pollution damage range from about $100-ZOO decrease in value of a
residential property per 0. 1 Ag/ 100 m 2 _day change in SO 3 levels and
an additional loss of $200-400 per 10 j.g/m -_day change of particulate
matter.

The Environmental Protection Agency

2/in a report on the

cost of damage caused by air pollution has included the above estimates
in the cost estimates.

EPA considered the above estimates to be

reasonable.
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Table 5.4.

Summary of "Best" Estimates
of Air Pollution Damages

Study

Ridker and Henning

"Best" Estimate
of Pollution
Damages
$98 per 0. 1 pg.
SO 3 /100cm2 /day

Anderson and
Crocker

$300-$700 per
10 "; g Jm 3 /day
particulate plus
2
0.1 "pg. SO3/100cm /
day

Spore

$150-$Z00 per
5 tons/ sq. mile/
mo. dustfall plus
.005 PPM/day/SO2

Zerbe

$97 per 0. 1 Ag
SO 3 /100cm 2 /day

Peckham

$133 per 0.1 pg.
S0 3 /100cm

Crocker

Source:

2

/day

$340-$600 per
10 Pg/cm3 /day
particulate plus
.001 PPM/day/SO2
Feller and Nelson, Economic Aspects of
Noise Pollution, The Pennsylvania State
University, April 1973, Table 5. 3

-112-

The cost benefit model contains provision for estimating the
total decrease in residential property values due to the increase in
ambient salt concentration from the cooling towers.
'.C.i

=

Let

the increase in mean airborne ambient salt
concentration (Mg/rn3 ) in section i, year t

N it

=

the average number of residences in section i,
year t

P

=

the decrease in property value for a residence
per unit (Mg/in3 ) increase in salt concentration.

To calculate the cost of salt pollution on property values, consider
the very simple example where the pollution will last exactly one year.
At the beginning of the year, the value of the residence is assumed to drop
by

IAC itP dollars.

the original cost of the pollution.
except for the discount factor.

The economic loss therefore would be zero

That is, to a home owner, the A C ip

dollars

at the end of the year is worth only AC itP1/(1 + p) dollars today, and so
giving him back only A C itP ddlars at the end of the year will not completely
Compensate him.
If the pollution lasts several years, each year can be considered
separately, as if the pollution stopped momentarily and then began again
for the next year.

Except for projected increases in residences, this

artifice simply adds in and then subtracts out the same number.

Thus,

the total cost of salt pollution for section i would be, summarizing over years
(5.2)

EPNitAC i
ititlp

1+PP
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These values are then summed over all sections and sites, inflated
appropriately, and then discounted back to the base year to give the cost
of salt pollution.

Note that if the pollution lasts a long time, fifty years

or more, the total discounted cost is approximately equal to the cost
obtained simply assuming salt pollution cost was a one-time depreciation.
The number of residences in section i, in year t, N it, is calculated
using a straight line approximation between the number of residences in
the base year and the estimated number in the study's termination year.
These local population projections were developed by the appropriate
utility, as are the estimated increase in mean airborne ambient salt
concentration, C i5-3.

All numerical data are inputs to the cost-benefit

model.
Although salt drift particles from cooling towers are in the same
range as particulate pollutants studied in the air pollution research cited
above,

none of these studies considered salt particles specifically.

Thus

it is not possible to extract a cost value, P, that would accurately reflect
salt pollution damage.
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List of Symbols for Chapter V

i

N D.1

number of dogwood replaced in year

D H.1

number of hemlocks replaced in year i

N W A.1

number of white ash replaced in yeair

N 0. 1

number of "other" trees replaced in year

C D

cost of replacing a dogwood

C H

cost of replacing a hemlock

C W A

cost of replacing a white ash

C 0

cost of replacing an "other" tree

AC it

the increase in mean airborne ambient salt
concentration (jg/m 3 ) in section

i
i

i, year t.

Nit

the number of residences in Section i, year t.

P

the decrease in property value for a residence per
unit (Ag/m

p

3

) increase in salt concentration.

the discount rate
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VI.

ECONOMIC EVALUATION FOR COOLING TOWERS

-

NOISE

The primary economic measure of the social cost of noice is the
total decrease in residential property values.

Altered residential property

values should be looked upon as a surrogate social cost which imputes a
cost or penalty on activities degraded by higher noise levels for which
individually assigned marginal cost functions are difficult to quantify.
For example,

to the extent that increased ambient noise levels interfere

with voice communications,

hinder sleep and recreational activities,

and

have nuisance characteristics which are emotionally disconcerting, the
individual level of perceived personal well-being can be expected to decline.
Thus the value of residential property subjected to this influence is. expected
to be less in the presence of this externality.

This (as we shall discuss

later) may result in both capital and consumer surplus losses to affected
residences. 61

In actuality, residential quiet is a housing amenity. It can be
purchased in divisible amounts by locating nearer or closer to
major sources of noise (freeways, airports, industrial plants)i
and is purchased jointly with other housing amenities such as
the view or closeness to parks and schools. These amenities
and disamenities are conceived of as flows of expected services
(utility) or disservices (disutility) from the purchase of housing.
The total service derived from a given unit of housing is the net
sum of a number of positive and negative increments.
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In the next section we summarize several empirical studies which
have attempted to measure Land value shifts due to proximate noise
influences and indicate their relevance and possible application at the
sites.

The capital and operating expenses which may be necessary to

equip the towers to meet noise regulations will not be considered here.
It is assumed that these items, if feasible for implementation, would be
included in the cost and operating estimates of the towers themselves.

a.

Impact of Noise on Property Values

To reiterate the rationale for using altered property values as a
surrogate for measuring the disutility of noise, we refer again to Feller
and NeLson.

6

2

/

Since there is no market for quiet we must look else
where to see if consumer tastes for quiet will be revealed in
market prices. Quiet is ordinarily purchased jointly with
residential property. The price paid for quiet will be included
implicitly with the price of the basic dwelling unit, Land, and
other urban amenities and disamenities. For two houses which
are similar in all respects except for the Level of noise, the
quieter house will bear a higher price. The price difference
between the homes reflects the consumer's marginal valuation
of goods which must be given up in order to acquire the incre
mental amount of quiet or, conversely, the additional goods
and services which can be purchased because the noisier house
is chosen. Holding all other factors constant, the cost of noise

is expected to be revealed as a difference in the capital values
of differently situated homes.

Note, however, that if a consumer

chooses a noisy home over a quiet home as a once-and-for-all
consumption choice (no changes in noise levels occur in the
future), then we cannot count the differences in housing values
as a societal cost in that the consumer has been compensated
in the sense that he can purchase greater quantities of other
goods and services.

6.3 /

Nelson and Feller------

review three empirical studies which

measured the effect of aircraft noise on the value of residential properties
located near airports.

Gamble, Saurlender, and Langley 6.4 / report
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a study on highway noise and property values.

The results from the air

port studies will be used to obtain an estimate of the expected noise damage
from cooling towers.
In the case of airport facilities or arterial highways, there are
clearly benefits to be derived to both residential and c ommercial- industrial
Land uses in being situated nearby

-

accessibility being the most obvious.

These benefits cause value shifts opposite to those induced by noise annoyance.
All of these studies identify these countervailing effects and carefully attempt
to both isolate and quantify each separately.
Table 6. 1 summarizes the results of the studies dealing with aircraft
noise.

It is important to note that the dollar damages estimated in these

studies is a one time decrease in property values (or in the net worth)
rather than calculated on an annual basis.

The results of the highway noise

study are not reported because the unit of noise used (NPL) cannot be
directly converted to units of L d,

in which the tower noise is measured.

The results of the highway noise study are nonetheless important because
it confirms the hy-pothesis that noise other than noise generated by aircraft
can also impact property values.
The three airport studies have very similar results:

the decrease

in property values range, from 1. 4 to 1. 6 percent per unit increase in CNR
noise Level.

In applying these airport-derived damage values to the noise

expected to be generated by the cooling towers, two main questions arise:
1) are these marginal damage values applicable to scenarios
with lower noise levels, and
2) for the same increase in noise, can it be assumed that aircraft
noise has a similar impact as cooling tower noise.
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0

0
TABLE

6. 1

Summary of "Best" Estimates of Noise Pollution Damage
(Source:

6. 3, Table 5. 4. )

San Francisco65/

Minneapolis- 6.6/

New York 6.7/

90

N.A.

Range of GNR noise levels

mean = 92,

Mean value of properties

$28, 000

$19, 863

$28, 000

Best estimate of dollar damages
per unit CNR per property

-$440

4$206

-$440

Percent reduction in adjusted
mean property value

1. 6%

1. 4%

1.6%

s. d.

=

10

-

125

The mean CNR levels reported in the airport studies range
between about 90 and 105 which is equivalent to L nvalues between 55
and 70

6.8/
-.

6.9/

This is the same range anticipated for the cooling tower

The maximum levels of noise reported by the airport studies is about 125
CNR units of 90 L d

which is cons iderably higher than the maximum

J

ambient noise induced by the natural draft tower (-70 L an).

he
As a who

it thus seems that the airport noise Levels reported by the studies are not
out of line with noise levels expected to result from.a natural draft tower.
Formulae for estimating the total social cost of noise from cooling
towers are developed below.
b.

Calculating the Economic Impact of Cooling Tower Noise

The model calculates the cost of cooling tower noise in
a manner similar to that of salt pollution as given in Chapter V.

Specifically,

let:
ALdn it

added increase in L nin section i
due to cooling towers
in year t

=the

C

=the

Ld
N it

cost incurred per unit increase in
per residence

average number of residences in
section i in year t.

it

Then any residence found in Section i at the beginning of year t will incur
a property loss of
C* -ALdn
dollars.

it

If, at the end of the year, the noise stops, the property regains the

loss, and the cost of noise is the difference due to the discount rate.
the cost in year

(6.1)

t for a residence would be

C -A Ldn it

(1

--

-12 1-

P

Thus

Multipling this value by the number of residences in section
Ni..

i in year t,

summing overall sections and aLl sites, inflating the cost and then

discounting back to the base year, gives the cost of cooling tower noise
pollution.

If the noise lasts an extended number of years, as it will in

the case of cooling towers, the sum present worth as calculated above
will be approximately equal to a one-time depreciation.
The number of residences in section i in year t, N it,
as in Chapter V, using straight line interpolation.

is calculated

The airport studies in

Table 6. 1 indicate the cost per L cnincrease is at least $200 per residence
and is used here.

All numerical data used in the above calculations are

inputs to the cost benefit model.
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List of Symbols for Chapter VI

ALdnit

the added increase in Ldn in section i due to
cooLing towers in year

C

t.

the cost incurred per unit increase in Ldn per
residence.

Nit

number of residences in section i in year t.

p

the discount rate.
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VII.

1.

COOLING TOWER COSTS

Cost Components
The COST BENEFIT program accounts separately for the following

cooling tower cost components provided by the utilities.
"

Maintenance and operating costs

*

Costs of capital
* Costs for peak derating power loss

"

Costs of average annual derating energy loss

"

Costs of shutdown for in stallation

*

Special costs

Each of these categories is discussed separately.
7. 1 Maintenance and Operating Costs
This cost is defined as all expenditures arising from the operation
and maintenance of cooling towers themselves.
7. 2 Costs of Capital
This category of costs includes items such as initial construction
costs, return on investment, insurance and replacement costs, federal
income tax, property taxes, and gross revenue taxes.

There is economic

debate on how some of these factors should be treated in a cost benefit
study.
With regard to construction costs, the generally accepted accounting
practice that costs be depreciated using a straight line method of
deprecia
tion is appropriate for this cost-benefit analysis.
Return on investment is regarded by some economists as a transfer
payment, that is, an exchange of capital from one segment
of the economy,
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the consumers,
welfare.

to another, the utilities, without a net change in societal

However, many economists believe return on investment is a

proper cost of a capital project and recommend that the return
on investment be included as a cost of capital.
Taxes are another area of debate in cost benefit analysis, as they
are viewed by some economists as transfer payments.

We recom mend

that federal income taxes be included in the cost of capital.

The reason

is that, in the measurement of the benefits of cooling towers, the effects
of federal income tax on the value received by the beneficiaries of the
towers, the fishermen, cannot be estimated separately.

The methodology

does not exist to measure benefits in the absence of income tax effects.
Since they must be included on the benefits side of a cost benefit study, it
is proper to include them as a cost of capital.
Property taxes on cooling towers have little effect on the estimation
of the benefits to beneficiaries and thus they can legitimately be considered
a transfer payment with the following important exception.

Any portion of

property taxes that goes to pay for a community expense that would not be
incurred in the absence of a cooling tower should be included.

The cost of

such things as new roadways and new community facilities or services
necessitated by the presence of cooling towers should be included as part
of the cost of building a cooling tower.
Gross revenue taxes are considered to be transfer payments by
most economists and should not be included as a cost of capital.
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Insurance and replacement costs should be included as costs of
capital in the year in which they are incurred.
The cost of capital is the sum of construction costs, return on
investment, insurance and replacement costs, and federal income taxes.
7. 3 Costs for Peak Derating Power Loss
The thermal efficiency of power generation is reduced by the
installation of cooling towers.

There are two effects from this.

One is

average annual energy derating, which is discussed in the next category.
The second is a peak derating power loss which is the loss of generating
power to meet the peak loads on the electric generation system.
usually occurs during the hottest summer months.

This

The entire cost of addi

tional peak generating equipment is the cost of peak derating.

As in the

case of cost of capital, the cost of peak derating power loss is the sum of
construction costs, return on investment, insurance and replacement
costs,

and federal income taxes.
7. 4 Costs of Average Annual Derating Power Loss
In addition to its effect on peak power capability, a cooling tower

degrades the generating capacity of the facility for the entire yearly
operation.

The cost of this derating is the cost of obtaining replacement

electric energy.
7. 5

Costs of Shutdown for Installation

The installation of a cooling tower at an existing facility requires
the shutdown of the generating facility for a period of time.

The electric

energy lost during this period must be obtained from other sources.
incremental cost of this replacement energy is the cost of shutdown.
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The

7. 6 Special Copts
The cost benefit model provides for the inclusion of any
cost that may be incurred that is not included in the previous categories.
2.

Cost Formulae
The cooling tower discounted cost is computed by the following formula:

SPW

(7. 1)

•

I

aiCTC.1

where SPW is the sum present worth of the capital and operation costs of
a cooling tower.
CTC.

a

= 1/(1 +

p)

=

the total cooling tower cost in year i. Year 1 is the
base year. Year N is the last year in which costs are
incurred.

=

the discount factor. The factor p is the discount rate.
It is a user input to the model.

The total cooling tower cost is the sum of its components.
(7. 2)
where

CTC.1

=

MC.1 + CC.1 + CPD.1 + CAD.1 + CSD.1 + SC.1

MC.I

maintenance and operating expense in year

CC."1

costs of capital in year

CPD.

i

costs of peak derating in year

CAD i

-

costs of annual derating in year

CSD.

=

costs of shutdown in year

SQ.

=

special costs in year i
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i

i

i

i

The cost benefit mQdel is designed to accept these data in two
forms.

In the simplified mode, the user computes the discounted cost

of each cost component for the model.

The total discounted cost is then

computed as the sum of the discounted cost components.
mode,

In the other

the user enters each component cost for each year of the cooling

tower's life.

Up to 99 years can be modeled.

given by expression 7. 1 and 7. 2.
of variation in discount rate,
year data is entered.

The model discounts as

If one wants to perform an analysis

it saves a lot of user effort if the year-by

However,

this requires considerably more input

data.
In addition, the model is designed to accept three values, a high,
low,

and best value, for each of the cooling tower cost components.

Computations are the same with each level of estimated costs.
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List of Symbols for Chapter VII

SPW

Sum present worth

CTC.

The totaL cooLing tower cost in year

a

l/l+p where

CC.1

Costs of capital in year

CPD.1

Cost of peak derating in year . i

CAD.1

Cost of annuaL derating in year

CSD.

Cost of shut down in year

1

SC.

=

p is the discount rate

SpeciaL costs in year

1
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i

i

i

i

i

VIII.

SPECIAL IMPACTS

The cost benefit model

has a provision for special costs (or

benefits) that are not covered by the formulae of the preceding chapters.
For example, at some future time a method may be found that allows one
to determine an economic cost associated with visual impacts of cooling
towers.

The value of this cost (as sum present worth) can be directly

included in the model.

Similarly, any new found benefit can

be inserted (as a negative cost).
These special costs (benefits) can be inserted either as an
environmental cost (benefit) or as a capital cost (benefit),
in Chapter VII, at the user's option.

as discussed

This provision insures that all cooling

tower costs and benefits can be included in the model.
1.

Visual Aspects of Closed-Cycle Cooling Towers
Cooling towers and/or their plumes are expected to be visible

for many miles in all directions from the sites.

Mechanical draft towers

will be less than 100 feet high while natural draft towers will be on the
order of 500 feet high.

Because many individuals use the Hudson

Valley for recreation and residence, introduction of large-sized structures
would be likely to conflict with the existing natural aspect of the area.
Both the AEC [1973]18.1/1 and Battelle [1972]8 2/ concluded that the
aesthetic impact of a-natural draft tower at Indian Point would be "major."

The objective of preserving aesthetic resources is clearly expressed
in NEPA since the Act requires the "Federal government to use all practical
means

...

[to]

.

assure for all Americans safe, healthful, productive
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and aesthetically and culturally pleasing surroundings

...

[and to]

...

pre

serve important historic, cultural, and natural aspects of our national
heritage, and maintain, wherever possible, an environment which supports
diversity and variety of individual choice. 1 Although NEPA and the
Council on Environmental Quality recognize the necessity of considering
aesthetics in environmental impact analysis, guidance on how such impact
should be considered is presently extremely vague.
Even though a visual intrusion may impact the population through
visual senses in some unspecified way, courts of Law in most cases have
associated aesthetic intrusion with reduction in property values

-.

and this

suggests a means for imputing an economic impact to a visual intrusion.
This would, however, assess the impact to the resident population and not
to transients who travel through the area or use it for recreation.

Ultimately

the decrease in recreational and residential value of the'affected area may
be sufficiently large so as to induce a change towards greater industrialization.
This would have beneficial as well as detrimental effects.

These observations

are summarized in the Chart of Accounts shown in Table 8. 1.
EPA's report on Aesthetics in Environmental Planning 8.3 reviews
several recent studies which deal with assessment of aesthetic impacts.
Unfortunately none of the studies succeeded in attaching monetary
values to aesthetic disturbances, although one study suggested that
willingness -to-.pay measures may be applicable.

The studies concern

themselves mainly with devising subjective ranking and weighing procedures
for comparing different projects in terms of their overall environmental
impact.

The EPA report concludes (p. 62) that "the present state of the
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0

Table a. 1.

Chart of Accounts for the Aesthetic Impact
of Cooling Towers

Activities Impacted

Types of Impact

Sources of Cost/Benefit

Surrogate Measures of
Cost/Benefit

Re sidential

Annoyance; interference
with natural beauty

Decreased demand for
housing; population
shifts.

Decrease in property values

Recreation

Annoyance; interference
with natural beauty

Decreased attendance to
recreational areas.

Decrease in value of area;
increase transfer costs to
attend other recreational areas.

Land Use

Industrialization of area.

Decreased supply of
housing; destruction of
natural beauty; increased
employment opportunities.

Decrease in property and
land values; increase in
regional gross product.

point
art for understanding and quantifying aesthetics is not yet at the
where dollar values can be assigned in a reliable way. 1
A research study was recently completed called "Benefits of
Plant,
Abating Environmental Damage from the-'Four Corners Power
Fruitland, New Mexico.

bidding games were developed in an

"--'Five

abating the
attempt to provide several estimates of benefits derived from
Power
aesthetic damage caused by stack emissions from the Four Corners
values varied
Plant and the operation of the nearby coal mines. Estimated
household
from $11 million to $25 million annually, and the mean individual
game" was
willingness-to-pay for abatement, measured by the "sales tax
about $50 annually.

Clearly a beautiful environment is worth a considerable

amount.
The Four Corners region is. somewhat unique, offering the greatest
areas
single concentration of national parks, monuments, and recreation
in t he United States.

"More than in any other part of the country, excellent

necessary to
long-distance visibility and depth of color perceptions are
85
enjoy the beauty of the area."I
than
Mechanical draft towers have a much smaller visual impact
similar to
natural draft towers but their plumes may cause an intrusion
those of natural draft towers.

At one extreme, the cost of the visual im

pact of a natural draft tower provides an upper limit.

A fraction based on

a useful
the ratio of total visible aspect (tower and plume) may provide
approach.
to conduct
Because of the lack of reliable data it was not practical
the visual impacts
the analyses necessary to provide formulae for estimating
included in the
at these Hudson River sites and such calculation is not
as a special cost
model. However, any impact can be entered directly
(or benefit) in the model.
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IX.

1.

A DECISION ANALYSIS APPROACH TO EVALUATING THE
EFFECTS OF UNCERTAINTY OF COSTS AND BENEFITS

Decision Analysis
In the cooling alternative decision process there is likely to be

uncertainty about the values of environmental impacts or the associated
costs or benefits of the alternative actions.

A method of analyzing this

uncertainty is by use of a decision tree approach.
written a model called, MVATHTREE,
uncertainty.

MATHEMATICA has

that analyzes the effects of

It provides a framework for answering questions such as:

How much value is there in knowing with certainty the outcome of an
uncertain event? ; How sensitive is the proper course of action to the
probabilities of various chance outcomes? ; How sensitive is the proper
course of action to the values assigned to various chance outcomes?
An example illustrating these conc epts is shown in Figure 9. 1.
This is a greatly simplified version of a real decision but it captures the
essence of the ways in which decision tree analysis can be used to shed
light on a complex decision.
two alternatives:

We suppose a utility or agency is faced with

build a cooling tower or don't build a cooling tower.

This decision is represented by a square node (03) in the tree.

Assume

that there is uncertainty about the magnitude of the effects of one of the
environmental impacts associated with the cooling system.
we will say this effect can assume two values:

low and high.

comes are shown as chance nodes (0) in the decision tree.

For simplicity
These out-.
Table 9. 1

gives hypothetical values for the net benefits given an action and a value
for the environmental impact.

-136-

\100

50

e t

0

-200

Figure 9. 1.

Illustrative Decision Tree
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Environmental Impact
High

Low
B uild

-100

50

0

-200

Action
Don't Build

Table 9. 1.

Net Benefits for Decisions and
Impacts (Hypothetical)

These values are represented by terminal nodes (A) in Figure 9. 1.
One thing remains to completely specify the tree: the probabilities of the
two possible outcomes of the environmental effect.
were available,

If perfect knowledge

one would know exactly whether a low or high environ

mental impact was the real state of nature.
partial assessments are possible.

In an imperfect world, only

One way of summarizing uncertainty

is to simply describe the alternatives and possible outcomes and ramifi
cations.

This allows a decision maker at least an opportunity of making

an "laware"l choice.

This is only the beginning, however,

since the

decision maker would like to know how likely each outcome migrht be.
Outcomes which are unlikely can be ignored unless the consequences are
extreme.

If -a large loss is possible, for example,

one is hardly likely

to ignore such a possibility no matter how rare it might be.

The

question is: H-ow large is a large loss and how rare is a rare event?
To answer this, one mxust quantify the uncertainty.

A useful measure of

uncertainty is the probability one assigns to that event actually happening.
At first this might seem difficult to do, but practical experience has
indicated that, if the right questions are asked, one can elicit from those
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who are most competent to make the judgment
the probability- which incorporate
the purpose of the example,

.

1.

all of the available information.

For

Figure 9. 1, we assume that an estimate of the

probability of the low effect is,
of the high effect is

subjective estimates of

in fact, equal to .9,

and the probability

These are shown in parentheses on the lines

from the chance nodes to the terminal nodes.

For this decision tree, the

optimal decision is determined by comparing the expected value of each of
the decision branches and choosing the largest.
the tower the expected value is

.

9(-100) +

.

value for the don't build decision is .9(0) +
mal decision is to not build the tower.

For the decision to build

1(50) = -85.
.

The expected

1(-200) = -20,

and so the opti

The expected value of the optimal

decision (and thus the entire tree) is -20.
It is clear that several assumptions were made in the process of
quantification which are open to question.
feature of decision

Probably the most important

tree analysis is the ability to examine how crucial

these assumptions are to the decision.

There are four basic types of

sensitivity analyses that can be performed with the MATHTRBE model.
These are discussed in the next sections.

2.

Perfect Information
The first type of sensitivity analysis that MATHTREE provides is

called the "value of perfect information. " This indicates how much it
would be worth to resolve the uncertainty about the environmental effect.
We postulate a clairvoyant person.
truthful.

The clairvoyant is competent and

He'll tell you what's going to happen

is what should that price be.

- -

for a price.

The question

What can you afford to pay to eliminate un

certainty for'the purpose of making this decision?
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Of course, real clairvoyants dont exist.

However, the value of

perfect information represents an upper bound on the value of any additional
study or experimentation (a surrogate clairvoyant) one might wish to perform.
In our

How might one calculate the value of perfect information?

example, if the clairvoyant told you the environmental effect is low, the
optimal decision is not to build the tower with an associated net benefit of
zero.

One would expect this to happen with a probability of

.

9.

On the

other hand, if the clairvoyant told you the environmental effect was high,
the best decision is to build the tower with a net value of 50.
might expect to occur with probability
information, that is,

.

1.

This

one

So the expected value of perfect

the maximum amount one would pay the clairvoyant,

is the difference between the value of the decision tree with perfect infor
mation and the value without perfect information: 5

-

(-20) = 25 units.

This indicates that it is worth 25 units to determine with certainty
whether the environmental effect is high or low.

This puts an upper limit

on the amount of money that should be spent to determine the truth.

If it

would cost more than 25 units to determine the truth, it is not worthwhile.
Often in actual decision processes,

a chance event,

while having charac

teristics that make it intellectually desirable to determine it with certainty,
does not offer much added value to the decision if it is determined with
certainty.

In fact, the value of perfect information of a chance event is

zero if knowing the outcomes with certainty does not change a decision.
As a practical example,

suppose the environmental effect repre

sented compensation in the striped bass population.

That is,

the state of

nature was such that striped bass had either low compensation potential
or a moderate ability to compensate for small populations.

Suppose also,

as in the example, that previous work indiciated low compensation (high
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environmental effect) was about as likely as one chance in ten.
one could launch a research project which would definitively

Presumably,

determine

whether the striped bass population indeed had compensation or not.

The

results of the decision tree analysis, however, assuming the costs are
an accurate reflection of the true state of affairs, is that this information
would be worth no more than 25 units and, if the projected cost of the.
research is
3.

higher, this information is not worth obtaining.

Terminal Node Variation
The second type of sensitivity analysis performed by MATHTREE

that is useful in decision tree analysis is on the effects of the terminal
node values.

Consider terminal node 2 of the example.

Its value is 50.

How does the decision change as this value increases or decreases?

It

is obvious that this value can decrease without bound without changing the
decision to not build the tower.

In the other direction, simple arithmetic

shows that the value can increase to 700 before the decision changes to
one of building the tower.

This type of analysis is useful in placing bounds

on the errors associated with cost estimation.. Perhaps the net benefit of
50 is incorrect, but unless it is 650 units smaller than it should have been,
the optimal decision is unchanged.

4.

Variations of the Probabilities

The third type of analysis is on the effect of probabilities of the
chance outcomes.

Presumably these values will be partly subjective,

based on the best information available at the time they are assigned.

It

is useful to know how much they can vary without changing the optimal
decision.

In~our example it can be shown that the decision to not build the
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tower is optimal until the probability of a high effect reaches the value
. 285, beyond which it is optimal to build the tower.
this probability is less than

.

Thus if one is certain

285 the decision to not build the tower is

optimal, regardless of the actual value of the probability.

This analysis

is also performed by MIATHTREE at the user's option.
5.

Risk Aversion
One potential criticism of the decision tree analysis is that one

might wish to maximize one's expected value only after one has made sure
the chance of a high loss is extremely unlikely.

This may be so important

to the decision maker that the decision maker is willing to make a suboptimal
choice just to avoid high risk situations.
The alternative method of analysis offered by MIATHTREE is,
instead of selecting that decision which maximizes the expected
value, to select the decision which minimizes the probability that the outcome
will be less than any prespecified value.
is totally unacceptable,

For instance, if any kind of loss

one could search for that decision which minimizes

the probability of a loss occurring.

In an investment situation, one knows

one can get 7% simply by investing in bonds.

So one might specify that the

appropriate decision is that one which minimizes the probability
of getting less than 7%, since it would look bad, if not be downright pain
ful, to get less.

Whatever the situation, once one has defined a lower limit

which one would not like to fall below

under any circumstances,

one would

then pick the decision which minimizes that possibility.
Once again, a great strength of the decision theory structure
it allows a sensitivity analysis of the values chosen.
might not know what lower bound is most appropriate.
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is that

For example, one
One could then

select several lower bound values and examine how the decision might
change as this lower bound is varied.

In the problem of building or not

building cooling towers, one could examine the consequences of being
risk averse to losing several different amounts.

Such a sample calculation

is made in Table 9. 2.

Probability of being
less if one builds
the tower

Risk averse
to less th~an

-250

0

-150

0

0

.9

25

.9

100

1.0
Table 9. 2.

Decision

Probability of being
less if one does not
build the tower

either

0
.1build

not
build

1do

build

1.0
1

either

.1,0

Decisions Based on Risk Aversion

If the decision is "either, " presumably one proceeds to a second
level criterion,

say maximizing the expected value.

would mean one would not build.

In that case,

"either"

The sequence of decisions in Table 9. 2

therefore flip-flops back and forth between building and not building as one
increases the lower bound.

What this means to the individual decision

maker would depend on the decision maker's priorities.

If one simply

wants to avoid a loss, not building the tower would be the best decision.
If, however, a loss of any more than 150 units is totally unacceptable,
one would build since, if one did not build, there would be some possibility
of losing 200 units.

This example illustrates the strengths of risk aversion
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select several lower bound values and examine how the decision might
change as this lower bound is varied.
building cooling towers,

In the problem of building or not

one could examine the consequences of being

risk averse to losing several different amounts.

Such a sample calculation

is made in Table 9. 2.

Probability of being
less if one builds
the tower

Risk averse
to less than

Decision

Probability of being
less if one does not
build the tower

either

-250

0

0

-150

0

.1

build

0

.9

.1

do not
build

25

.9

1.0

build

1. 0

1.0

either

1

100

Table 9. 2.

Decisions Based on Risk Aversion

If the decision is "either, "1presumably one proceeds to a second
level criterion,

say maximizing the expected value.

would mean one would not build.

In that case, "either"

The sequence of decisions in Table 9. 2

therefore flip-flops back and forth between building and not building as one
increases the lower bound.

What this means to the individual decision

maker would depend on the decision maker's priorities.

If one simply

wants to avoid a loss, not building the tower would be the best decision.
If, however,

a loss of any more than 150 units is totally unacceptable,

one would build since, if one did not build, there would be some possibility
of losing 200 units.

This example illustrates the strengths of risk aversion
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decision making and indicates the need to consider carefi4l1y the decision
criterion.
A key point of the foregoing analysis is to demonstrate that, even
if there are differences in assumptions going into a cost benefit analysis,
it may develop that the conclusion is insensitive to these difference~s.
That is because, within certain ranges, the optimal decision is constant
i. e. , is insensitive to the assumed probabilities or values assigned to
terminal nodes.

To discover this, all we need to do is make repeated

computations using different assumptions for the parameters in question.
To facilitate these computations,

MIATHTREE automatically varies any of

the input factors within prescribed limits and determines the optimal
decision for each case.

I~n this manner one can determine the range for

each parameter over which the decision remains constant

-

in effect, one

can thus determine the necessary precision for any of the input factors.
This information is particularly valuable to efficiently allocate analysis
time.

In short, it enables the decision maker to focus upon the important

elements of the decision.
6.

Application to the Cost Benefit Study of Cooling Towers on the Hudson
MATHTREE can be applied to a variety of problems.

As an

initial application, consider the problem where the chance nodes are
defined as:
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1) compensation (five levels)
2)

average daily striped bass catch (three levels)

3)

growth rate of striped bass fishermen (three levels)

4)

contribution (three levels)

5)

cooling tower costs (three levels)

6)

other effects

and the terminal nodes are the benefits minus costs.

A partial represen

tation of the tree is given in Figure 9. 2.
The COST BENEFIT

model

has been designed to provide net

benefits (benefits-costs) for each of the 405 terminal nodes of Figure 9. 2.
If a smaller number of net benefits are desired; for example, if one of the
chance nodes has no high or low variation, the COST BENEFIT model is
capable of producing net benefits for a specified subset of the terminal
nodes of Figure 9. 2.

The user of the MATHTREE model must provide

probabilities to be associated with each of the chance outcome nodes of
Figure 9. 2.
7.

Analysis of Confidence Intervals on Tower Costs
Use of MATHTREE allows the user to analyze the effects of various

confidence intervals for tower costs.

This is done by using the terminal

value and probability sensitivity analysis.

The terminal values for high,

best, and low estimates that are calculated by the COST BENEFIT model
are the direct sum of the high, best, and low cost
in Chapters III through VIII.

components discussed

It is recommended that any user supplied

data that requires high, low, and best estimates be defined as follows:
0

The best estimate is the expected value of the distribution
of possible costs.
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0

High

Compensation

Build
Cooling
Towers

High

Averag,
Daily
Catch

Rate

Low

Low

"A
Low

Do Not'
Build
Cooling
Towers

KEY

-i

0
A

Decision Node
Chance Node
Terminal Node

Figure 9. 2

Decision Tree for Hudson River Cost Benefit Analysis

The low value should be such that the likelihood that the

"

true value falls below the low value is

.

05.

The high value should be such that the likelihood that the

*

true value exceeds the high value is .05.
These specifications mean that the likelihood that the true. value
lies between the high and low value is
by the high and low value is a

.

.

90 and thus the interval defined

90 confidence interval.

We now consider the probabilities to be assigned to the high, low,
The high

and best chance outcomes -of the tower cost node of Figure 9. 2.

and low branches are intended, but not restricted, to represent a
confidence interval for total tower costs.
first,

The recommended procedure for using MATHTREE is:
assign the value

.

05 as the probability of the high and the low branch.

This corresponds to the case where all of the cost components making
up the total tower costs are completely dependent.
best value branch.
sensitivity analysis.

Assign .90 to the

Using these values, perform the terminal node
This will provide bounds on how much the

terminal node values for high and low branches can vary without
changing the original optimal decision.

This provides ranges on the

end point values of the confidence intervals represented by the high and
low tower cost chance node branches.
The next step is to change the probabilities from
05 to

.

001,

branches.
new values.

.

998, and

.

.

05,

. 90, and

001 for the low, best, and high tower cost

MATHTREE automatically re-solves the. problem with the
These probability values correspond to the case where the
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.cost components making up the total tower costs are not completely
dependent.

Complete independence implies values for the low and high

branches on the order of (. 05)N where N is the number of cost com ponents.
Since there are over 20 cost components, this number is essentially zero.
Using

.

001 instead allows for. a mixture of independence and dependence

among the cost components.
This two-step procedure with MATHTREE will ensure that the user
will have almost complete information on the behavior of the decision
process as a function of the confidence intervals of total tower costs.
MATHTECH investigated different ways to compute confidence
intervals exactly, including convolution techniques, and approximations with
Beta distributions or triangular distributions.

In each case the crucial

assumption that must be made is about the independence or dependence of
the cost component estimates.

The only correct method is to require

user input as to the degree of correlation among all cost estimates, a
ver y difficult task.

It is our belief that since the cost component

estimates vary with common factors, e. g. inflation, labor rates,
construction rates, fuel costs, interest rates, etc. , the cost components
are very highly correlated,
and

.

and therefore assigning values of

.

05,

.

90,

05 respectively to the low, be st, and high branches of the tower cost

chance node is the most accurate estimation in lieu of obtaining actual
correlation coefficients.

It should be emphasized that the major cost

components of any scenario are the actual tower construction, peak
derating, and other physical tower costs and these are likely to be very
highly correlated.* This indicates that the values of

.

05 are closer to the

correct probabilities than the assumption of independence would imply.
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The analysis of the range of effects as the probabilities and values
change obviates the need for a detailed calculation of the "exact" confidence
intervals of tower costs.

Exact is in quotes because any calculation could

give, at best, only approximate confidence intervals and could be subject
to methodological questions about the veracity of the assumptions that must
be made.
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Cost-benefit analysis proceeds on the explicit basis that a project or
policy is deemed socially worthwhile if its benefits exceed the costs it
generates.

The theoretical foundations of this principle are found inthe

theory of consumer surplus and the- compensation principle of welfare
economics.

[1, 5] The theory of consumer surplus is concerned with the

assessment of the gains and losses (or benefits and costs) that would result
from an economic-policy change and their measurement in monetary terms.
The compensation principle asserts that if the aggregate benefits exceed
the aggregate costs so that it would be possible for the gainers to compensate
the losers, then the economic-policy change would result in a net increase
in welfare and would hence be socially (Pareto) efficient. [1, 7, 3]
Viewed in this Light, cost-benefit analysis is based on the assumption
that social efficiency is one of the decisionmaker's policy objectives.

In

this case positive net benefits mean that the project, in principle at least,
could be designed so that no one would be made worse off by its introduction.
Following the same Line of reasoning, a project is more socially worthwhile
or desirable the larger the net benefits of the project.

This is the case

since larger net benefits necessarily imply a larger net increase in social
welfare.

In addition, maximum net benefits imply economically efficient

use of scarce resources, or economic efficiency.

Therefore, the cost

benefit criterion as described above is the criterion used by the decision
maker in determining the social desirability of a given project, i. e.,

the

decisionmaker will choose the alternative which results in the largest net
benefits to society.
In the following discussion the choice of an appropriate decision rule
for guiding the decisionnaker to a correct decision in evaluating the social

worth of a particular project or set of projects is investigated.

The

discussion is limited to examining when application of benefit-cost ratio
formulae yield a correct decision, i. e. , one that maximizes net benefits. [9]
For simplicity, it is assumed that the benefits and costs are known with
certainty and that problems concerning the choice of an appropriate social
rate of discount have been solved.
The technique of cost-benefit analysis can be applied to a number of
questions at different levels.

The types of choice facing the decisionmaker

can be classified as follows:
1)

Accept-reject. Faced with a single project or a set of
independent projects with no constraint on the number which
can be undertaken, the decisionmaker must decide which
projects are worthwhile.

2)

Optimum scale-maximum efficiency. The problem of
developing a particular project to best achieve explicit
and well defined objectives involves consideration of
optimum size and maximum efficiency, i. e., not only does
the optimal size of the project have to be determined but
also the available inputs have to be combined in the
most efficient way so that they yield the maximum net
benefit.

3)

Project ranking-input constraints. If there exists an
effective constraint on investment resources, it is Likely
that all "acceptable" projects cannot be undertaken. In
this case the decisionmaker must rank alternative projects
in terms of their social efficiency and allocate investment
resources among them.

4)

Mutually exclusive projects. Frequently projects are not
independent of each other. If one project can only be
undertaken to the exclusion of another, the decisionmaker
must choose between them.

An appropriate choice criterion should offer guidance to the
decisionmaker on the above issues.
decision rules are:

To achieve efficiency, the general

1a)

Accept a project if the net present value of benefits exceed
zero.

2a)

Maximize the net present value of benefits.

3 a)

In the face of input constraints, rank projects by the net
present value of benefits.

4a)

In choosing between mutually exclusive projects, select the
project with the highest net present v~lue of benefits,

The rules implied by benefit-cost ratio comparisons are:
1b)

Accept a project if the benefit-cost ratio exceeds unity.

Zb)

Maximize the benefit-cost ratio.

3b)

In the face of input constraints,

rank projects by their

benefit-cost ratios.
4b)

In choosing between mutually exclusive projects, select the
project with the highest benefit-cost ratio.

We will now consider the relative merits of the benefit-cost ratio
formulae in guiding the decisionmaker to the correct decision in each of the
four cases outlined above.

Given a project and given the social environment

in which the project would be carried out if accepted, the project can be
found to have effects in a number of dimensions and during a number of
periods where the effect of dimension i = 1, .
E ti.

.

. ,

n in period t = 1,

.

.

. ,

T is

In order to be able to ascertain the total social impact of these effects,

an attempt is made to evaluate each of them in money prices, Pt.; to discount
the resulting sum of values of each period at some rate of discount, r; and
to calculate the present value of each project.

In the following discussion,

positive effects, E ti> 0, will be called benefits and negative effects,
E ti

0, will be called costs.

Therefore, one can define the following terms:

Gross present value
of benefits:

T

(GB)

n
I

Pti Eti

i=l
t=l

Gross present value
of costs:

T
t=1

Net present value
of benefits:

withEti > 0,
(I+r)t

n
1

Pti Eti
withE ti < 0,

t

(1+r) t
n

T

Pti Eti

I i=l(Il+r)
t=l

- , with Et

0

where r is the rate of discount.
Accept-Reject
The necessary condition for the adoption of a socially profitable
project is that the discounted benefits should exceed the discounted costs,
or
GB > GK-9 NB > 0.
For this problem our choice rules are:

accept a project if NB > 0 or,

alternatively, accept a project if the benefit-cost ratio exceeds unity,
GB/GK > 1.

For the pure accept-reject decision, it is clear that benefit

cost ratios are equivalent to the net benefits criterion for guiding the
decisionmaker to the correct decision.
However, if the decisionmaker is at all concerned with the magnitudes
of these criteria as would be the case if there were some minimal acceptable
values for net benefit, a fundamental problem arises in the use of the
benefit-cost ratios.

The problem is that the benefit-cost ratio

to the classification of the project effects as benefits or costs.

is sensitive
Presumably,

costs and benefits are symmetric so that costs can be treated as negative
-4-

benefits and benefits as negative costs.

It is obvious that the net present

value of benefits is unaffected by the division between benefits and costs.
On the other hand, the benefit-cost ratio will be affected by this division
since it will affect the magnitude of both the numerator and denominator of
the ratio.

For example, if a project has benefits of 40 and costs of 20,

the benefit-cost ratio is 2. 0.

If 10 of the costs are 'considered as negative

benefits, the benefit-cost ratio becomes 30/10 A 2. 0.

However, in either

case net benefits are 20.
Optimum Size-Maximum Efficiency

Economic efficiency requires that a scarce resource be committed to
a project up to the point at which the added benefits just compensate for
the added costs.

In deciding the scale of the project, the optimal !t_'e will

be the one which exhibits the larger total net benefits which is at the point
where marginal benefits equal marginal costs.
As indicated above, if there is only one way of designing each project
with no constraints on the number of projects that can be undertaken, the
problem is simply to select those projects that have a positive net present
value of benefits.

However, if.projects can be designed in alternative

ways, then the optimal design of each project has to be determined.
For this problem the comparison is between maximizing net benefits
or the benefit-cost ratio.

In the following discussion it is assumed that

benefits and costs are continuous functions of the size of the project
(perfect divisibility of project size) and that net benefits are a strictly
concave func tion of size (marginal return on each factor is decreasing).
the net benefits criterion, the aim is to maximize NB,

or

Under

max NB(X) = GB(X) - GK(X)
where X is project size.

The necessary condition for a maximum is that

dNB = dGB - dGK

dX

dX

dX

0

or
dGB _1
dGK
The necessary condition implies that the marginal benefits just
equal the marginal costs or, equivalently, that the marginal benefit-cost

ratio equals unity.
Alternatively, the benefit-cost ratio rule requires maximizing the
benefit-cost ratio, or
GB(X)

max GK(X)"
The necessary condition for a maximum is that
(
dGK(X)
GK(X)
dX
dGB(X)
d GB(X)
dx

dX

-GK(X)

GB(X)

.dGXX

0

[GK(X)] 2

or

dGB
dGK

GB
GK

The necessary condition implies that the marginal benefit-cost
ratio

equals the overall benefit-cost ratio.

Clearly, the benefit-cost

ratio rule will not result in the optimum size-maximum efficiency project.
These conclusions are illustrated in Figure 1 below.

From the

diagram, it is seen that project size A where dGB/dGK = 1 will result in
maximum net benefits, DC.

The benefit-cost ratio of project A is DA/CA =

DA/OA = slope of line OD.

Project size A is also the optimal size-maximum

efficiency project since the marginal benefits just equal the marginal costs.
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GK
GK

IGB

0

B

A

GK
Figure 1

However, project size B has a higher benefit-cost ratio equal to
FB/EB = FB/OB = slope of Line OF.

In fact, any size project smaller than

A would have a higher benefit-cost ratio.

Yet none of these projects will

have marginal benefits just equal to marginal costs.

Marginal benefits will

exceed marginal costs for all project sizes smaller than A and marginal costs
will exceed marginal benefits for alL project sizes larger than A.

For finding

optimum project size, then, the optimum is not identified by the maximum
of the benefit-cost ratio.

Ranking Alternative Projects
In the presence of an unlimited budget, it would be socially desirable
to undertake all non-mutually exclusive projects for which the present value
of net benefits is greater than zero.

Since constraints on resource availability

are almost al1ways present, it is necessary to look at their effect on the
benefit-cost ratio rule.

IfE there are several mutually exclusive projects

which accomplish the desired objectives, the best project must be chosen.
The problem of mutually exclusive projects will be considered in the next
section.

On the other hand, if there are many acceptable projects (NB > 0)

but only a limited investment budget, the decisionmaker must rank projects
and select the optimal combination of projects.
In the preceding sections, comparisons for the simple accept-reject
situation and optimum project design were developed.

Unfortunately, these

decision rules cannot be easily generalized to analyze the case where input
constraints exist.

A number of issues arise in input constraint situations

which complicate the picture, e. g.,

single or multi-period rationing, the

existence of external costs, constraints on recurrent operating costs, as
well as initial construction costs and fixed or variable project size.
In the following discussion, several simplifying assumptions will be
made.

Initially, we will assume that there is only one way of designing

each project so that project scale is fixed.

Further, it is assumed that an

input constraint exists .and operates only for the initial year in which project
construction takes place.

This would be the case if there were no external

costs or constraints on recurrent operating costs or, alternatively, if these
costs were netted out of the benefits stream.

Therefore, in Table 1 the

cost" figuires represent the undiscounted initial investment costs of the various
projects and the "benefit" figures represent the discounted benefits of the proj.ects.
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In such a case, the decisionmaker must select the optimal combination
of projects to be included in the first yearIs construction.
maximize the total net benefits of the projects chosen.

The aim is to

For the single period

rationing example given, the procedure is to simply rank projects by their
benefit-cost ratios and then work down the list until the budget is exhausted.
This procedure will result in the optimum combination of projects being
chosen. [2]

Referring to Table 1, if an input constraint of 50 exists, the

optimal combination of projects by this rule would be projects B and C with
combined net benefits of 65.

Table I
Net Benefits

Benefit-Cost

Benefits

Costs

(C.B)

(GK)

A

100

50

50

2.0

B

60

25

35

2.4

C

55

25

30

2.2

Project

(N B)

Ratio

GB-)

A simple example suffices to show that ranking projects by their net
present value of benefits will not result in the correct decision.

Referring

to Table 1 again, suppose a budget constraint of 50 exists and, as before,
operates only in the initial period the costs are incurred.

Under the net

present value of benefits rule, only project A would be undertaken with net
benefits of 50.

However, as previously shown, the decisionmaker may find

it more desirable to choose both projects B and C with combined net benefits of
65 rather than project A.

This shows that application of rankings by net benefits
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leads to an incorrect choice when the goal is to maximize net benefits.
Likewise, by increasing the costs of project C to 30 the benefit-cost ratio rule
would lead to an incorrect choice according to the economic efficiency
In this case, project B would be built

criterion of maximizing net benefits.

first rather than the optimum, project A.

Thus, with input constraints,

selection of projects by ranking benefit-cost ratios or projects by net benefits
may not identify the socially efficient choice.
In the previous rationing example, the problem was to allocate the
fixed investment budget among alternative projects of fixed size.

If, on the

other hand, the decisionmaker must allocate the fixed investment funds among
alternative projects of variable size, the benefit-cost ratio rule described
above may no longer apply.

The decisionmaker's aim is to maximize the

net benefits of the projects chosen, or
(X i ) = Y[GBi(X.)
INB.
1
1

max

GK. (Xi)]

-

subject to
IGKiX i ) = K

where GB.i(Xi) is the discounted gross benefits of the ith project as a function
of the project scale X., GKi(Xi) is initial investment cost of the ith project
as a function of project scale, and K is the investment constraint.
problem involves maximizing the Lagrangean expression

L = I[GB.(x.) - GK (X i )]

-

[.GKi (x.)
1

1
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-

K].

The

The necessary conditions for a maximum are:

(a)

dGB.
for all i

_=1 +x
dGK.

(b)

(X
GK.
j11

)

K.

Condition (a) implies that investment resources should be allocated so that
the marginal benefit-cost ratios are equalized across all projects chosen.
Condition (b) implies that the investment budget should be exhausted (or the
shadow price for investment

should be zero, in which case the marginal

benefit-cost ratio should equal one). [7]
The presence of multi-period rationing involves some complex problems
which are only effectively solved by the use of dynamic programming techniques.
Useful discussions of these problems can be found in Marglin. [8]
Mutually Exclusive Projects
In the problem discussed above, there existed an effective constraint
on investment resources.

Hovever, even in the absence of effective constraints

on inputs, it is often the case that one project can only be undertaken to the
exclusion of another.

A simple example would be the construction of a

power plant of a given capacity where the choice is between a nuclear power
plant or a coal fired power plant.

The decisionmaker is faced with the

problem of choosing between the two designs.
It is easily shown that while the maximum net benefit criterion is
always correct, the benefit-cost ratio rule may be socially inefficient when
applied to mutually exclusive projects.
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Referring to Table 1 above,

suppose

the choice is between project A and project B (or project C).

Project A is

to be preferred with net benefits of 50 to project B with net benefits of 35
(or project C with net benefits of 30)..!l

But in ratio terms, project B

(or project C) is preferred to project A since B has a benefit-cost ratio of
2. 4 (2. 2 for C) compared to 2. 0 for project A.
In the unlikely case that the mutually exclusive projects have identical
discounted costs, it is clear that the benefit-cost ratio rule Leads to a
socially efficient choice.

Thus, in Table 1, if the choice were between project

B and project C, either decision rule will result in project B being chosen.
Conclusions
From the discussion of the four cases outlined above, it is clear
that only in very special circumstances will the benefit-cost ratio rule lead
to social efficiency, i. e. , a maximum of net benefits.

In general, there

is no defense for the use of the benefit-cost ratio rule except in the single
period budget rationing case.

Where real world complications of timing

and sequencing of investments is introduced, it can be shown that almost
without exception a choice criterion based on benefit-cost ratio rankings will
fail to achieve social efficiency. [8]
With reference to the cost benefit study of alternative cooling systems
on Hudson River plants, the scenarios are defined such that they are mutually
exclusive.

That is, one and only one alternative must be chosen.

(Recall that

the base alternative scenario is to continue the current once-through cooling.)

should be noted that in this discussion, unlike the rationing
example, the values given for "'costs"~ in Table 1 are interpreted as the
discounted value of all the costs of the projects rather than the more limited
initial investment cost of the projects.
-It

-12-

Thus, as discussed in the section on mutually exclusive projects, it is
always appropriate to use the net benefit criterion as the ratio
criterion may yield an incorrect selection.
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