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CHAPTER 2

SITE AND ENVIRONMENT

2.1 SUMMARY OF CONCLUSIONS

This Chapter sets forth the site and environmental data which together formed the basis for
many of the criteria for designing the facility and for evaluating the routine and accidental
releases of radioactive liquids and gases to the environment. These data support the
conclusion that there will be no undue risk to public health and safety due to plant operation.
The strength of this conclusion rests with these data and the determinations (also included
in this report) of several independent consultants, each speaking within a particular area of
expertise - health physics, demography, geology, seismology, hydrology or meteorology, as
the case may be.

The task of evaluating the environmental characteristics of the area was facilitated by the
fact that more than 12 years of studies and measurements of environmental characteristics
were undertaken. For over twenty years, measurements have been made of the effects on
the environment of releases from at least one operating nuclear power facility at the Indian
Point Site.

Conservative projections have been made of the growth of population in the area and these
projections have been taken into account in plant design and operation as to control the
effects of accidents. Population estimates are presented in subchapter 2.4.

The census data for 1990 reveals that the population within a 10-mile radius of the site was
approximately 238,043 whereas the 2000 estimated population is 564,200. The land is now
zoned principally for residential and state park usage although there is some industrial
activity and a little agricultural and grazing activity. The projections do not indicate that the
land usage within this radius will shift appreciably during the period of plant operation.

Geologically, the site consists of a hard limestone formation in a jointed condition which
provides a solid bed for the plant foundation. The bedrock is sufficiently sound to support
any loads up to 50 tons per square foot, which is far in excess of any load imposed by the
plant. Although it is hard, the jointed limestone formation is permeable to water. Thus, if
water from the plant should enter the ground (an improbable event since the plant is
designed to preclude any leakage into the ground) it would percolate to the river rather than
enter any ground water supply. Additional studies by the geology consultant, Thomas W.
Fluhr, and examination of soil borings confirmed the above conclusions.

In the Hudson River, about 80,000,000 gallons of water flow past the plant each minute
during the peak tidal flow. This flow provides additional mixing and dilution for liquid
discharges from the facility. Plant design was based on the conservative assumption that
the river water is used for drinking, thus radioactive discharges are reduced by dilution with
ordinary plant effluent to concentrations that would be tolerable for drinking water. There is
very little danger of flooding at the site.

Significant seismic activity in the Indian Point area is rare and no damage has resulted
therefrom. As stated by the consultant on seismology, the site is “practically non-seismic”
and is as safe as any area, at present known.” Notwithstanding such assurance, the plant is
designed to withstand an earthquake of the highest intensity ever recorded in this area.
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Meteorological conditions in the area of the site were determined during a two-year test
program (1955 to 1957). The validity of these conclusions was verified by a test program
completed in October 1970. The meteorological analysis also includes data from periods of
November 26, 1969 through October 1, 1970, and January 1, 1970 through December 31,
1971. These data were used in evaluating the effects of gaseous discharges from the plant
during normal operations and during a postulated Loss-of-Coolant Accident. In addition,
data supplied by the U.S. Weather Bureau at the Bear Mountain Station, regarding the
meteorological conditions during periods of precipitation, have been used to evaluate the
rainout of fission gases into surface water reservoirs following a postulated Loss-of-Coolant
Accident. The evaluations indicate that the site meteorology provides adequate diffusion
and dilution of any released gases.

Environmental radioactivity has been measured at the site and surrounding area for nearly
twenty years in association with the operation of Indian Point 1, and the construction and
operation of Indian Point 2 and 3. These measurements are being continued and reported
as dictated by the Technical Specifications and ODCM. The radiation measurements of
fallout, water samples, vegetation, marine life, etc. have shown no perceptible post-
operative increase in radioactivity due to plant operations. Noticeable increases in fallout
have coincided with weapons testing programs and appear to be related almost entirely to
those programs. The New York State Department of Health, in an independent two-year

post-operative study(1), found that environmental radioactivity in the vicinity of the site is no
higher than anywhere else in the State of New York.

Consultants who participated in the preparation of the various reports, mea-surements and
conclusions appearing in this Chapter included Dr. Merril Eisenbud, then Director of
Environmental Radiation Laboratory, Institute of Industrial Medicine, New York University;
Dr. Benjamin Davidson (deceased), Meteorologist and Director, Geophysical Science
Laboratory, New York University College of Engineering; Dr. James Halitski, then Senior
Research Scientist, Department of Meteorology and Oceanography, New York University,
College of Engineering; Dr. Edgar M. Hoover, then at the Regional Economic Development
Institute, Inc.; Metcalf & Eddy Engineers, hydrology specialists; Rev. J. J. Lynch, S.
J., then Director of the Seismic Observatory, Fordham University; Mr. Sidney Paige, then
Consulting Geologist; Quirk, Lawler and Matusky Engineers, Environmental Science and
Engineering Consultants; Mr. Karl R. Kennison, Consulting Civil and Hydraulic Engineer;
Mr. Thomas W. Fluhr, P.E., Consulting Engineering Geologist; Reports by Captain Elliott B.
Roberts, Chief of the Geophysics Division, U.S. Department of Commerce and by Mr.
James Dorman, then at the Lamount Geologist Observatory, Columbia University. And
also, Reports by Parsons, Brincherhoff, Quade and Douglas Inc., Engineers; Dames &
Moore, Consultants; and Woodward-Clyde, Consultants.
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1)  Consolidated Edison Indian Point Reactor Post Operational Survey -
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2.2 LOCATION
2.21 General

The Indian Point site comprises approximately 239 acres of land on the east bank of the
Hudson River at Indian Point, Village of Buchanan, in upper Westchester County, New York.
Indian Point 3 is located adjacent to and south of Unit No. 1 with Indian Point 2 adjacent to and
north of Unit No. 1, which has been retired. The site is about 24 miles north of the New York
City boundary line. The nearest city is Peekskill, 2.5 miles northeast of Indian Point. [Deleted]

The minimum distance from the Indian Point 3 reactor center line to the boundary of the site
exclusion area and the outer boundary of the low population zone, as defined in 10 CFE 100.3
and 10 CFR 100.11, is 350 meters and 1100 meters, respectively.

2.2.2 Site Ownership and Control

Entergy is the sole owner of the Indian Point 3 Nuclear Power Plant. Figure 2.2-2 shows the
land owned by Entergy at the Indian Point site. Plant Drawing 9321-F-64513 [Formerly Figure
2.2-3] shows a plot plan of Indian Point 3 and the boundary line and the Hudson River. Figure
2.2-4 shows the Indian Point Energy Center site ownership boundaries, the location of
surrounding communities, and the Low Population Zone for Indian Point 3.

The Georgia — Pacific Corporation has an easement, (approximately 1610 feet long and 30 feet
wide), along Entergy’s southerly property line. The Georgia — Pacific easement is used for
overhead electrical power and telephone lines, and for underground gas, water and sewer lines.
These easements permit Entergy to determine all activities within the right-of-way in order to
ensure safe operation of the Units.

As shown in Figure 2.2-2, the Algonquin Gas Transmission Company has a 26 inch gas
mainline and a 30 inch gas main line on a right-of-way (approximately 1350 feet long and 65
feet wide) running east to west through Entergy’s property. One 30 inch main and two 24 inch
mains pass under the river to a pipeline facilities station on the easement near the river. One 24
inch main is available as a bypass alternative and ends in the pipeline facilities station while the
other two continue as the 30 and 26 inch mains. The threats posed by the rupture of these
pipelines and the release of natural gas (essentially methane) from them were addressed in
Item 7 of Supplement 1 to the original FSAR. The September 21, 1973 SER concluded the
failure of these gas lines would not impair the safe operation of the plant.

A subsequent evaluation in 2008 (Reference 1) discussed the consequences of fire and
explosion due to a pipeline rupture. The hazards created by a breach and explosion of the
pressurized above ground portions of the pipeline include:

a. potential missiles,

b. an over-pressurization event,

C. a vapor cloud or flash fire,

d a hypothetical vapor cloud explosion, and
e a jet fire

A simultaneous rupture and ignition of both gas mains at the above ground locations inside the
owner controlled area (OCA) is postulated to be the worst case scenario since this event will
result in the most significant release of gas volume and have the potential to contribute to the
largest potential fire. An attempt to uncover, breach and ignite a buried portion of the pipeline

Chapter 2, Page 3 of 569
Revision 08, 2019



IP3
FSAR UPDATE

was not considered feasible. The report concluded that the rupture of the natural gas pipelines
that cross the Indian Point site and subsequent ignition of the methane released will result in a
jet fire and injury or death to any people exposed to flames or intense thermal radiation. It will
not, however, damage any safety related structure. Even in the unlikely event of a hypothetical
vapor cloud explosion, structural damage to buildings other than the waterfront warehouse
adjacent to the pipelines will not occur. A flammable vapor cloud fire that engulfs the plant is
improbable because the turbulent momentum with which the methane exits the pipeline will
confine flammable methane concentrations to the point of release.

The Algonquin Gas Transmission Company has installed a 42 inch gas pipeline that crosses the
Hudson south of the site property and turns north. It passes through the easternmost corner of
the site and then crosses Broadway between the Switchyard and the GT 2 / 3 fuel oil storage
tank. The 42 inch gas line joins the 30 inch and 26 inch gas pipelines north of the switchyard
and east of the site. A safety evaluation performed for the proposed pipeline and the juncture
with the 30 and 26 inch pipelines concluded that the failure of these gas lines would not impair
the safe operation of the plant because the effects are acceptable or can be excluded by
probability (Reference 2).

An additional analysis (Reference 3) of a potential rupture of the underground portions of the
existing pipeline was subsequently performed using the same methodology as for the 42 inch
pipeline. This was requested due to allegations. It was concluded that safe operation would not
be impaired since the plant would be able to safely shutdown following any affects such as
damage to overhead transmission lines and that the probability of ruptures were sufficiently
remote that ruptures could be excluded based on probability. During operation of the 42 inch
pipeline the 26 inch pipeline will normally be idled (at normal operating pressure but no gas
flow) which further restricts probability.

The Indian Point 3 protected area is enclosed by a chain link type security fence surmounted by
three-strand barbed wire as indicated in Entergy’s Security Plan. Appropriate control is
maintained by Entergy at all access points into the Indian Point 3 security protected area. In
addition, some areas within the protected area are designated as “vital areas” and access is
controlled by a system of identification badges/card keys, locks and alarms.

Employees, who would need access to or through any portions of Entergy property, are required
to adhere to the security provisions and check points operated and controlled by Entergy’s
security force. Details of Entergy’s security program are given in the Security Plan for Indian
Point Energy Center.

2.2.3 Access

The site is accessible by several roads in the Village of Buchanan. Two paved roads link the
eastern boundary of the site to the existing plant. The site is not served by rail. The Indian
Point 3 protected area is bounded by chain link-type fencing, or the equivalent, and contains an
interior roadway system, access to which is under the control of Entergy’s Guard Force.
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2.2.4 Control of Exclusion and Restricted Area

In the event of an emergency situation at any of the Indian Point Units, the person in charge at
that Unit shall immediately inform the person in charge at the other units. Further action,
evaluation or institution of the offsite emergency plan will then depend on the seriousness of the
emergency situation. Further details are provided in the Indian Point Energy Center Emergency
Plan.

Control of the Indian Point Site Restricted Area to exclude unauthorized personnel at all times is
controlled by IPEC. IPEC has responsibility for maintaining direct and continuous control over
the persons on its property.

2.2.5 Activities on the Site

The principal activities on the site are the generation, transmission and distribution of electrical
energy; associated service activities; activities relating to the controlled conversion of the
nuclear energy of fuel to heat energy by the process of nuclear fission; and the storage,
utilization and production of special nuclear, source and by-product materials.

23 TOPOGRAPHY

The Indian Point Site is surrounded on almost all sides by high ground ranging from 600 to 1000
feet above sea level. The site is located on the east bank of the Hudson River, which runs
northeast to southwest at this point but turns sharply northwest approximately two miles
northeast of the plant. The west bank of the Hudson is flanked by the steep, heavily wooded
slopes of the Dunderberg and West Mountains to the northwest (elevations 1086 fee and 1257
feet respectively) and Buckberg Mountain to the west-southwest (elevation 793 feet). These
peaks extend to the west by other names and gradually rise to slightly higher peaks.

The general orientation of this mass of high ground is northeast to southwest. One mile
northwest of the site, Dunderberg bulges to the east, and north of Dunderberg and the site, high
ground reaching 800 feet forms the east bank of the Hudson as the river makes a sharp turn to
the northwest. To the east of the site, peaks are generally lower than those to the north and
west. Spitzenberg and Blue Mountains average about 600 feet in height and there is a weak,
poorly defined series of ridges which again seem to run in a north-northeast direction. The river
south of the site makes another sharp bend to the southeast and the widens as it flows past
Croton and Haverstraw.

[Deleted]

2.4 POPULATION

241 General

An initial report was prepared by Environmental Analysis, Inc. in June 1972. The report, which
is included herein (see pages 2.4.P-1 to 2.4.P-42), used the 1970 population census to update
population estimates and population projections to the year 2010, in 10-year intervals, for an

area within a sixty-mile radius of the Indian Point Nuclear Power Plant Site at Buchanan, New
York.
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The resident population distribution, based on a May 1970 report was presented graphically by
indicating the population estimated for each of the individual area segments of the selected grid
system. The population distribution for a 55 mile radius is presented in Figure 2.4-1. The grid
was centered on the reactor facility and extended radially for a distance of 55 miles. This area

was subdivided by concentric circles with radii of 15, 25, 35, 45, and 55 miles, and by equally
spaced radial lines.

The grid system, superimposed on the geographical area surrounding the site, for a 60-mile
radius, is shown in Figure 2.4-2. Each sector of 22.5° was based on a line segment 11.25° from
north (resulting in two subdivisions of the north bisected 22.50 sector); the others were designed
in a clockwise fashion. The number of persons residing in each segment, based on the 1972
report, is presented in Figures 2.4-3 and 2.4-4 for the 5-mile and 60-mile radii, respectively.

Table 2.4-1, based on the June 1972 report, is a summary of the cumulative ring
population estimates for the years 1970 to 2010, in 10 year increments, for complete ring zones
up to sixty miles from the site.

In 1992, the Authority submitted new demographic and population distribution data on the
Nuclear Regulatory Commission as part of its License Extension Request. This data shows that
the projections performed in 1972 by Environmental Analysts were quite realistic, although
slightly conservative. The rate of growth within the 50 mile radius was slightly slower than
projected. Projections through 2010 should, thus, be viewed as conservative.

In 2003, KLD Associates, Inc. updated population distribution data for the 50 mile radius
surrounding Indian Point using 2000 Census data. Table 2.4-2 summarizes this data by Zone.
Tables 2.4-3 through 2.4-18 show population distribution by sector and zone. Table 2.4-19
shows population by segment. A comparison of the 1972 projections with 2000 Census data
continues to show that projections through 2010 should be viewed as conservative.

A comparison of the 1972 projections found in Table 2.4-1 with 1990 and 2000 Census data
is shown below:

1990 Projection 1990 Census 2000
from 1972 Study Projection 2000 Census
from 1972
Study
0-2 miles 15,673 16,774 20,698 12,442
0-5 miles 84,512 73,935 129,397 77,619
0-10 miles 408,198 237,338 564,220 257,475

Projections through 2010 should thus be viewed as conservative.
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2.4.2 Population Centers

The closest population centers (defined in 10 CFR 100 as containing more than 25,000
residents) are Newburgh, N.Y. and White Plains, N.Y., both approximately 17 miles from the
plant site. However, based on projected populations, the outer boundary of the more
densely populated area of the City of Peekskill has been conservatively selected as the
closest population center.

2.4.3 Low Population Zone

The Code of Federal Regulations, Title 10, Part 100 requires that a reactor be so situated that
there is no population center, which is defined as a city of no less than 25,000 people, having its
nearest boundary closer than 1-1/3 times the low population zone radius. Based on the 10 CFR
100 definition, and the outer boundary of the more densely populated area of the City of
Peekskill as the population center, the low population zone (LPZ) for the plant is 1100 meters.
(See Figure 2.2-4)

About 50 people reside within the low population zone, all of them to the east-southeast. This
estimate of 50 people (a number which is expected to remain fairly static) is based on a survey
of the area conducted by Consolidated Edison in September 1971.

244 Exclusion Area

The exclusion area for Indian Point 3 is shown in Figure 2.2-2. The minimum distance from
the reactor containment to the boundary of the exclusion area is 350 meters. This exclusion
area satisfied both 10 CFR 100.3 and 10 CFR 100.11.

245 Land Usage

Figures 2.4-6, 2.4-7, and 2.4-8 show, respectively, the land usage based upon official zoning
maps, areas served by public utilities and areas served by sewage systems. The area
surrounding the Indian Point Site is generally residential with some large parks and military
reservations. The majority of the area to the east of the river within 15 miles of the site is zoned
for residential usage as shown on the map in Figure 2.4-6. West of the river, within a fifteen-mile
radius, the Palisades Interstate Park and residential areas are the dominant land usage. The
only agricultural areas within fifteen miles are south and northwest of the plant, on the west
side of the river.

References
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Table 2.4-1

SUMMARY OF CUMULATIVE RING POPULATION ESTIMATES

1970

21

745

9,255
20,318
34,553
52,683
218,398
450,207
888,163
3,984,844
11,659,574
17,471,479
19,510,656

(JUNE 1972)

1980

31

1,008
11,981
25,747
44,338
70,053
297,459
603,034
1,179,611
4,637,627
12,882,240
18,991,980
21,383,172
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1990

45

1,375
15,673
33,045
57,544
94,512
408,198
814,078
1,577,851
5,480,207
14,403,268
20,923,966
23,821,556
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2000

65

1,891
20,698
42,926
75,482
129,397
564,220
1,107,195
2,125,429
6,584,630
16,333,563
23,400,331
26,997,743

2010

88

2,453
26,016
53,349
94,451
168,164
734,682
1,423,387
2,711,048
7,724,505
18,276,655
25,899,727
30,235,074
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Table 2.4-2

2000 Population Estimates By 360 Degree Zone

ZONE 2000 Population Accumulated Totals
0-1 mile 1,971
1-2 miles 10,471
2-3 miles 19,516
3-4 miles 18,791
4-5 miles 26,870 77,619 (within 5 miles)
5-6 miles 27,674
6-7 miles 21,404
7-8 miles 25,688
8-9 miles 49,767
9-10 miles 55,323 257,475 (within 10 miles)
10-15 miles 398,447
15-20 miles 460,697
20-25 miles 1,116,848 2,233,467 (within 25 miles)
25-30 miles 2,205,078
30-35 miles 2,544,937
35-40 miles 3,734,393
40-45 miles 3,833,427
45-50 miles 2,232,598 16,783,900 (within 50 miles)
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Table 2.4-3

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 1 (North)

2000

__Zone Population
0-1 mile 0
1-2 miles 11
2-3 miles 109
3-4 miles 183
4-5 miles 343
5-6 miles 300
6-7 miles 1,322
7-8 miles 2,395
8-9 miles 7,460
9-10 miles 182
10-15 miles 1,366
15-20 miles 43,748
20-25 miles 32,751
25-30 miles 54,348
30-35 miles 48,971
35-40 miles 18,752
40-45 miles 20,142
45-50 miles 41,358
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Table 2.4-4
2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 2 (North-Northeast)

2000

Zone Population
0-1 mile 0
1-2 miles 0
2-3 miles 314
3-4 miles 661
4-5 miles 1,716
5-6 miles 921
6-7 miles 1,044
7-8 miles 340
8-9 miles 838
9-10 miles 1,235
10-15 miles 2,453
15-20 miles 4,967
20-25 miles 23,111
25-30 miles 22,593
30-35 miles 8,417
35-40 miles 10,711
40-45 miles 8,153
45-50 miles 2,859
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Table 2.4-5

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 3 (Northeast)

2000

Zone Population
0-1 mile 17
1-2 miles 3,439
2-3 miles 9,774
3-4 miles 4,510
4-5 miles 2,973
5-6 miles 3,823
6-7 miles 3,356
7-8 miles 1,760
8-9 miles 1,196
9-10 miles 1,097
10-15 miles 14,549
15-20 miles 14,593
20-25 miles 14,498
25-30 miles 11,974
30-35 miles 18,004
35-40 miles 18,775
40-45 miles 6,511
45-50 miles 7,254
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Table 2.4-6

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 4 (East-Northeast)

2000

Zone Population
0-1 mile 7
1-2 miles 1,653
2-3 miles 2,841
3-4 miles 3,238
4-5 miles 2,178
5-6 miles 3,683
6-7 miles 2,473
7-8 miles 4,797
8-9 miles 6,936
9-10 miles 6,915
10-15 miles 24,469
15-20 miles 13,258
20-25 miles 20,375
25-30 miles 89,902
30-35 miles 35,294
35-40 miles 21,347
40-45 miles 22,265
45-50 miles 78,210
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Table 2.4-7

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 5 (East)

2000

Zone Population
0-1 mile 334
1-2 miles 315
2-3 miles 24
3-4 miles 950
4-5 miles 594
5-6 miles 620
6-7 miles 1,545
7-8 miles 1,355
8-9 miles 3,224
9-10 miles 3,426
10-15 miles 15,387
15-20 miles 8,093
20-25 miles 26,346
25-30 miles 22,542
30-35 miles 22,092
35-40 miles 172,384
40-45 miles 167,423
45-50 miles 88,353
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Table 2.4-8

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 6 (East-Southeast)

2000

Zone Population
0-1 mile 251
1-2 miles 192
2-3 miles 757
3-4 miles 656
4-5 miles 918
5-6 miles 304
6-7 miles 75
7-8 miles 319
8-9 miles 626
9-10 miles 2,113
10-15 miles 19,280
15-20 miles 11,355
20-25 miles 34,346
25-30 miles 141,922
30-35 miles 61,824
35-40 miles 18,609
40-45 miles 3,254
45-50 miles 29,437
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Table 2.4-9

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 7 (Southeast)

2000

Zone Population
0-1 mile 807
1-2 miles 922
2-3 miles 1,543
3-4 miles 2,490
4-5 miles 694
5-6 miles 4,590
6-7 miles 2,630
7-8 miles 3,004
8-9 miles 10,085
9-10 miles 6,001
10-15 miles 37,224
15-20 miles 18,930
20-25 miles 101,556
25-30 miles 37,702
30-35 miles 12,330
35-40 miles 80,302
40-45 miles 239,071
45-50 miles 309,332
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Table 2.4-10

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 8 (South-Southeast)

2000

Zone Population
0-1 mile 435
1-2 miles 2,042
2-3 miles 868
3-4 miles 136
4-5 miles 217
5-6 miles 0
6-7 miles a0
7-8 miles 0
8-9 miles 3,864
9-10 miles 9,817
10-15 miles 21,348
15-20 miles 116,963
20-25 miles 218,703
25-30 miles 295,031
30-35 miles 258,202
35-40 miles 603,637
40-45 miles 756,484
45-50 miles 464,715
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Table 2.4-11

2000 Population Estimates

Population Distribution By Sector and Zone

SECTOR: 9 (South)

2000

Zone Population
0-1 mile 68
1-2 miles 541
2-3 miles 0
3-4 miles 0
4-5 miles 1,229
5-6 miles 5,661
6-7 miles 942
7-8 miles 4716
8-9 miles 7,829
9-10 miles 7,864
10-15 miles 45,274
15-20 miles 47,358
20-25 miles 354,441
25-30 miles 926,582
30-35 miles 1,620,749
35-40 miles 2,099,064
40-45 miles 1,934,401
45-50 miles 743,893
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Table 2.4-12

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 10 (South-Southwest)

2000

Zone Population
0-1 mile 52
1-2 miles 604
2-3 miles 420
3-4 miles 2,853
4-5 miles 10,900
5-6 miles 5,970
6-7 miles 3,378
7-8 miles 3,778
8-9 miles 6,101
9-10 miles 10,856
10-15 miles 106,089
15-20 miles 68,692
20-25 miles 160,698
25-30 miles 437,592
30-35 miles 325,993
35-40 miles 529,035
40-45 miles 452,790
45-50 miles 351,395
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Table 2.4-13

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 11 (Southwest)

2000

Zone Population
0-1 mile 0
1-2 miles 0
2-3 miles 2,115
3-4 miles 2,486
4-5 miles 3,853
5-6 miles 626
6-7 miles 4,496
7-8 miles 3,090
8-9 miles 1,388
9-10 miles 2,955
10-15 miles 17,690
15-20 miles 40,837
20-25 miles 48,470
25-30 miles 69,388
30-35 miles 49,562
35-40 miles 98,399
40-45 miles 139,699
45-50 miles 58,048
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Table 2.4-14

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 12 (West-Southwest)

2000

Zone Population
0-1 mile 0
1-2 miles 457
2-3 miles 518
3-4 miles 628
4-5 miles 221
5-6 miles 433
6-7 miles 48
7-8 miles 134
8-9 miles 0
9-10 miles 5
10-15 miles 5,052
15-20 miles 4,381
20-25 miles 17,860
25-30 miles 15,165
30-35 miles 23,446
35-40 miles 22,991
40-45 miles 52,496
45-50 miles 27,668
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Table 2.4-15

2000 Population Estimates
Population Distribution By Sector and Zone

SECTOR: 13 (West)

2000

Zone Population
0-1 mile 0
1-2 miles 295
2-3 miles 154
3-4 miles 0
4-5 miles 0
5-6 miles 0
6-7 miles 0
7-8 miles 0
8-9 miles 0
9-10 miles 20
10-15 miles 6,164
15-20 miles 11,313
20-25 miles 17,014
25-30 miles 9.836
30-35 miles 18,522
35-40 miles 15,831
40-45 miles 11,592
45-50 miles 5,663

Chapter 2, Page 22 of 569
Revision 08, 2019



IP3
FSAR UPDATE

Table 2.4-16

2000 Population Estimates

Population Distribution by Sector and Zone

SECTOR: 14 (West-Northwest)

2000

Zone Population
0-1 mile 0
1-2 miles 0
2-3 miles 19
3-4 miles 0
4-5 miles 0
5-6 miles 0
6-7 miles 0
7-8 miles 0
8-9 miles 217
9-10 miles 1,633
10-15 miles 36,983
15-20 miles 10,970
20-25 miles 14,136
25-30 miles 47,249
30-35 miles 12,119
35-40 miles 6,654
40-45 miles 3,682
45-50 miles 6,307
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Table 2.4-17

2000 Population Estimates

Population Distribution By Sector and Zone

SECTOR: 15 (Northwest)

2000

Zone Population
0-1 mile 0
1-2 miles 0
2-3 miles 60
3-4 miles 0
4-5 miles 192
5-6 miles 0
6-7 miles 0
7-8 miles 0
8-9 miles 3
9-10 miles 1,204
10-15 miles 9,477
15-20 miles 10,441
20-25 miles 12,645
25-30 miles 10,588
30-35 miles 15,017
35-40 miles 9,956
40-45 miles 6,814
45-50 miles 14,385

Chapter 2, Page 24 of 569
Revision 08, 2019



IP3
FSAR UPDATE

Table 2.4-18

2000 Population Estimates

Population Distribution By Sector and Zone

SECTOR: 18 (North-Northwest)

2000

Zone Population
0-1 mile 0
1-2 miles 0
2-3 miles 0
3-4 miles 0
4-5 miles 842
5-6 miles 743
6-7 miles 5
7-8 miles 0
8-9 miles 0
9-10 miles 0
10-15 miles 35,642
15-20 miles 34,798
20-25 miles 19,898
25-30 miles 12,664
30-35 miles 14,395
35-40 miles 7,946
40-45 miles 8,650
45-50 miles 3,721
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TABLE 2.4-19

PERMANENT RESIDENT
POPULATION BY SEGMENT

Ring Residential
Segment (Miles) Population
1-N 0-2 11
2-NNE 0-2 0
3-NE 0-2 3,456
4-ENE 0-2 1,660
5-E 0-2 649
6-ESE 0-2 443
7-SE 0-2 1,729
8-SSE 0-2 2,477
9-S 0-2 609
10-SSW 0-2 656
11-SW 0-2 0
12-WSW 0-2 457
13-W 0-2 295
14-WNW 0-2 0
15-NW 0-2 0
16-NNW 0-2 0
Ring 0-2 Miles 12,442
1-N 2-5 635
2-NNE 2-5 2,691
3-NE 2-5 17,257
4-ENE 2-5 8,257
5-E 2-5 1,568
6-ESE 2-5 2,331
7-SE 2-5 4,727
8-SSE 2-5 1,221
9-S 2-5 1,229
10-SSW 2-5 14,173
11-SW 2-5 8,454
12-WSW 2-5 1,367
13-W 2-5 154
14-WNW 2-5 19
15-NW 2-5 252
16-NNW 2-5 842
Ring 2-5 Miles 65,177
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Ring Residential
Segment (Miles) Population
N 5-10 11,659
NNE 5-10 4,378
NE 5.10 11,232
ENE 5-10 24,804
E 5-10 10,170
ESE 5-10 3,437
SE 5-10 26,310
SSE 5-10 13,771
S 5-10 27,012
SSW 5-10 30,083
SW 5-10 12,555
WSE 5-10 620
W 5-10 20
WNW 5-10 1,850
NW 5-10 1,207
NNW 5-10 748
Ring 5-10 Miles 163,403
Cumulative Totals
Total 0-2 Miles 12,442
Total 0-5 Miles 77,619
Total 0-10 Miles 257,475
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5 HYDROLOGY

Between 2005 and 2007, GZA GeoEnvironmental (GZA), performed a comprehensive
hydrogeolic investigation of the site. This investigation was initiated to understand groundwater
flow and contaminant transport. During this investigation numerous borings were advanced to
study the site geology, hydrology and aquifer properties. Details of the geology, hydrology and
aquifer properties can be found in the GZA report (Reference 1).
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In response to the Atomic Energy Commission (AEC) questions during the review of the original
FSAR, a number of additional reviews were performed. These were documented in the
responses to AEC Questions Q2.7 through Q2.11 in Supplement 10 (January 1973) to the IP3
FSAR (Reference 2). In particular, the responses to Q2.9 and Q2.11 provided additional
information regarding potential wind generated wave action and hurricane surge attenuation.

The response to Q2.11, regarding maximum hurricane surges during spring tides, reevaluated
earlier work using consideration of estuary effects in the Hudson River from a surge at the
mouth, the Battery. The study considered variations along the Hudson River in channel
geometry, friction coefficient, and hurricane stages at the Battery as a function of time. The
river is about 5,000 feet wide at Indian Point and the maximum water surface elevation at this
location from hurricanes, wind surges, and high tides was determined to be 12.4 feet above
mean sea level (Reference 2). In addition, the response to Q2.11 also provided a range of wind
generated wave action during a probable maximum hurricane. The significant wave run-up was
estimated to vary from less than 2.5 feet to 4.1 feet, dependent on the forward speed of the
hurricane.

Since wind generated wave action in conjunction with extreme flooding conditions could raise
the flooding level above plant grade in the vicinity of the service water pumps, the AEC
concluded in their original Safety Evaluation Report (SER) for the Indian Point Unit No. 3
Operating License (Reference 3) that Technical Specification requirements were warranted to
protect the service water pumps and shutdown the plant based on rising river water levels.
Thus, the Staff concluded in Reference 3 that the combination of the elevation of the plant
structures, the load-bearing capacity of the intake structure and the Technical Specification
requirements on plant operation and service water pump protection, result in acceptable
conditions to protect the plant against flooding. (Note: The requirements which were contained
in the original Technical Specifications, Section 6.12 are currently contained in the IP3
Technical Requirements Manual, Section 3.7.E).
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REFERENCES FOR SECTION 2.5

1) GZA,_Hydrogeologic Site Information Report for the Indian Point Energy Center, January
7, 2008.

2) Original IP3 FSAR Chapter 2 Questions and Answers Q2.7 through Q2.11, IP3 FSAR
Supplement 10 — January 1973.

3) Safety Evaluation Report By The Directorate of Licensing U.S. Atomic Energy
Commission In The Matter Of Consoldated Edison Company of New York, Inc., Indian
Point Nuclear Generating Unit No. 3, Docket 50-286, September 21, 1973.
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Stillwater PMF x Ratio of D.A. 111-2 1,010,000
' PMF vs. Hudson River Basin D.A. 111-2 530,000
' PMF vs. Max Observed Flood 111-384 850,000
1:10,000 Y. Instant. Peak-NYSCD 1918-54 115 688,000
— (610,000)*
Dimensional Analysis 11I-5 880,000
_Average 880,000
“Not included in Anerage
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AVERAGE DEPTH OVER AREAS IN INCHES

‘72 hours 25.8 236 [218 201 191 [173 147 [133
1% 6 hours 12.3 108 [96 |84 78 |65 4% 4.3
'2"6 hours 2] 26 |25 |24 28 |22 |hs il
376 hours 2.3 22 |21 |20 20 |19 |17 15
476 hours 1.8 17 |16 |15 15 |14 |13 2
2day” 45 43 |[E1 |88 87 |85 |83 32
37 day” 22 20 [19 |19 18 |18 |16 [
Total area of Isohyet 56 140 [330 710 1060 [2130 11020 | 17210 |
(sq. mi)
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2.6 Meteorology

The description of site meteorology is given in Section 2.6.1 while a brief discussion of specific
site meteorological and atmospheric diffusion studies are given in section 2.6.2. The technical
reports pertaining to these site specific studies are also include. The safety analysis presented
in section 2.6.3 and 2.6.4 is based on the site specific studies discussed in section 2.6.2.
Section 2.6.5 provides a brief description of the onsite meteorological monitoring program.

The discussion of site meteorology given in section 2.6.1 is based on selected individual years
in which analysis of meteorological data was performed. It should be pointed out that although
the years selected are representative of the site meteorology, at least some year to year
variability in the meteorological parameters will occur.

2.6.1 Site Meteorology

Winds

An important meteorological characteristic of the Indian Point Environment is that both northerly
and southerly winds occur at maximum frequency. This is evident in all meteorological data
collected at Indian Point from 1955 to the present.

Figures 2.6-1 a, b, and c present some constructed wind roses prepared using meteorological
data collected during 1984 from the onsite 122 meter meteorological tower "-**%. These wind
roses provide an example of typical wind direction and frequency distributions that occur at
Indian Point, on a quarterly basis for the 10 meter, 60 meter, and 122 meter levels of the tower.
These wind roses show clearly the bidirectional frequencies in the wind directions, with
frequency maximas in the north and south direction.

A comparison of the 10 meter level wind roses between each of the four quarterly periods
during 1984 (Figure 2.6-1a) shows that north winds had the highest frequency during the period
January-March, while northeast winds dominated during the remaining three quarterly periods.
The period July-September had the highest frequency of northeast and south winds. South
winds occurred with the lowest frequency during the period January-March.

At both the 60 meter and 122 meter levels (Figures 2.6-1b, 2.6-1c), a distinct peak in frequency
of north winds occurred for all four quarterly periods. The 60 meter level, like the 10 meter level
also displayed a peak in frequency of northeast winds particularly during the July-September
period. This peak in northeast winds was not nearly as pronounced at the 122 meter level. The
frequency of south and southeast winds was lowest during the period January-March and more
pronounced during the remaining three quarterly periods. These figures also indicate a smaller
third peak in the frequency of northwest winds which was most pronounced during the January-
March period at all three tower levels. The relatively low frequency of south winds and the third
peak in the frequency of northwest winds is likely to be the result of the stronger large scale
(gradient) winds during the January-March period.

These wind characteristics for 1984 are generally consistent with wind observations collected
during other years, with the most significant feature being the tendency for air flow along the
axis of the valley. Differences in wind distributions that do occur between years can be
attributed to year to year variability in the strength and movement of synoptic scale weather
systems (cyclones and anticyclones).
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The 1984 data, as well as analysis of meteorological data from other years (see section 2.6.2),
suggests that winds in the region are controlled primarily by topography. It appears that both
terrain channeling and a thermally driven valley wind is contributing to the observed wind
direction frequency distribution.

Terrain channeling occurs when surface air flow at some angle to the valley, is deflected by the
elevated valley walls and forced to flow along the valley axis. Terrain channeling is dependent
only on the orientation of the valley, and the strength and direction of large scale winds. The
thermally driven valley winds are induced by differential heating between one region of the
valley and an adjacent region with different topography. The differential heating induces an
along valley pressure gradient which drives the up or down-valley wind. Up-valley winds are
confined during the daytime when surface heating is occurring while down-valley winds are
primarily nocturnal, when there is significant surface radiative cooling. Consequently, up-valley
winds will occur during hours with unstable stability classes while down-valley winds are
characteristic of hours when low level inversions are occurring and stability classes are stable.
These up and down-valley winds are most prevalent during the summer and fall season when
the large scale (gradient) winds are weakest. Under these conditions it is common to observe
north or northeast winds during the night and early morning at Indian Point, with a shift to
southerly winds occurring within a few hours of sunrise, when surface heating commences.
Thus, diurnal variations in winds at Indian Point will have the highest frequency of occurrence
during the summer and fall season.

The diurnal variation of the vector mean wind as measured 70-feet above river during
September-October 1955 is shown in Figure 2.6-2 for conditions in which the large scale flow
was virtually zero (12 days) and in Figure 2.6-3 for conditions in which the large scale flow
(gradient wind) was less than 16 MPH (35 days). It may be seen that for these virtually
stagnant prevailing wind conditions, there is a regular diurnal shift in wind direction and that the
mean vector wind associated with the down-valley flow is on the order of 6 MPH.

A measure of the reliability of the diurnal shift in wind direction is shown in figure 2.6-4 where
the steadiness of the wind (vector) mean speed over the mean scalar speed is shown as a
function of time and the strength of the prevailing flow. Where the steadiness is close to one
(an extraordinarily high value for meteorological wind systems in this latitude), the reliability of a
given wind direction is very high, It may be seen that the down-valley nocturnal flow is
extremely reliable from 20-08 hours while the up-valley flow is as reliable from about 14-16
hours under zero pressure gradient conditions. For weak pressure gradient conditions the
nocturnal flow direction is very probable from 24 to 08 hours and thereafter becomes quite
unreliable. In short, these data indicate that a consecutive 24 hours down-valley flow with light
wind speeds and inversion conditions is extremely improbable.

Atmosphere Stability

Tables 2.6-1, 2.6-2 and 2.6-3 provide the wind direction percent frequency distribution as a
function of stability at the 10 meter level of the 122 meter meteorological tower.(5) The Pasquill
stability classes are based on vertical temperature gradients (0C/100 meters) and are the same
as the NRC classification of atmospheric stability (6). Table 2.6-1 shows the joint frequency
distribution for a one year period while Table 2.6-2 and 2.6-3 give distributions for the summer
season (May — October) and winter season (November — April), respectively.
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Inspection of tables 2.6-1, 2.6-2 and 2.6-3 show that stability Class E occurred with the highest
frequency for all wind directions (total) both for the one year period and for the summer and
winter seasons. For the one year period it occurred 37.17% of the time. Similar percent
frequencies are shown for the summer and winter seasons. This stability class occurred most
frequently during south southwest winds with a second peak in frequency occurring for
northeast winds. The total percent frequencies show stability Class D occurs with the second
highest frequency while Class G had the lowest frequency occurring only 1.69% of the time for
the one year period. Again similar percent frequencies are indicated for the summer and winter
seasons.

Joint Frequency Distributions

Tables 2.6-4 (sheets 1 through 28) provides recent joint frequencies of wind direction, wind
speed and atmospheric stability for the quarterly periods in 1986. Sixteen wind directions,
seven wind speed categories including calm winds and seven Pasquill stability classes (A-G)
are used. The stability classes are determined from 61-10 meter vertical temperature difference
(delta-T). Data recovery during 1986 was 99 percent (13 missing hours) during the April-June
period and 100 percent for the remaining quarterly periods.

Thunderstorms

Thunderstorms, although not unique to the Indian Point Site, are important since they can
produce wind and precipitation patterns in the Indian Point environment that have considerable
spatial and temporal variability. An important characteristic of thunderstorms is a downdraft of
relatively cold air which spreads radially outward at the earth’s surface. This cold air outflow,
commonly called a gust front, can at times travel significant distances from the immediate storm
environment. A typical gust front will appear as a sharp change in wind speed and direction and
a drop in ambient air temperature.

Figure 2.6-5 shows the mean annual distribution of days with thunderstorms for the northeast
United States. (7) This map is based on data from the period 1952-1962. Figure 2.6-5 shows
that in the vicinity of Indian Point an average of between 20 and 30 days per year will have
thunderstorms. Most of these thunderstorm days will occur during the summer season.

2.6.2 Meteorological and Atmospheric Diffusion Studies at Indian Point

New York University under a contract with Consolidated Edison Company made extensive tests
on the meteorological conditions at the Indian Pont site. The testing program started in 1955
and was completed in 1957. Site meteorology (wind direction, wind speed and vertical
temperature gradient) and atmospheric diffusion characteristics as determined from this testing
program are described in three technical reports prepared by the New York University staff
under the immediate direction of Professor Benjamin Davidson. The original New York
University reports, or applicable excerpts there from, which were reviewed by Professor
Davidson and the Consolidated Edison staff, are provided on pages Q1-Q44 and R1-11. In
addition, information on precipitation, the prevalent wind directions associated with precipitation,
a table of wind directions during thunderstorms and associated wind roses are given on pages
R12-R20.

Due to questions concerning the relevancy of certain meteorological data obtained in the 1956-
1957 period a new meteorological monitoring program in the Hudson River Valley was initiated
to try to verify the results of the old study. The locations of the meteorological towers erected
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for the new program did not correspond to the locations of the towers used in the earlier
program, and the data were not reliable, due to instrumentation difficulties. The two sets of data
were, therefore, difficult to compare although it was evident that no substantial change occurred
in the valley meteorology from 1956-1969.

The experimental program was reorganized in the fall of 1969, and a new meteorological tower
site was selected as close to the original 1956 one as was possible under current conditions.
Wind observations were made at this 100-foot tower at Indian Point and at a ship anchored in
the Hudson River northwest of Indian Point. The results of the program for the period 26
November 1969 to 1 October 1970 are presented in Dr. Halitsky’s report NYU-TR-71-3 (see
pages Y-1to Y-32).

The conclusions, as stated in the report, are:

1) Annual average statistics of wind speed direction and vertical temperature differences
were substantially the same for 1956 and 1970.

2) Average wind hodographs, as the ships exhibited the same diurnal reversal pattern
and the same 2.5 m/sec nighttime down-valley speed in both years. The average
wind hodograph at the tower showed a similar pattern of reversal, but the nighttime
down-valley speed was about 2 m/sec.

3) All sixteen daily wind hodographs used for calculating the average hodograph at the
tower showed the diurnal reversal and exhibited considerable variability in speed
and direction from day to day through a complete cycle.

4) Maximum persistencies of low-speed inversion winds in the critical 005-020 sector
were 2 hours, 4 hours and 3 hours for 1, 1.5 and 2 m/sec speeds, respectively,
during the entire ten-month data record.

Additional data acquired from 1 January 1970 to 31 December 1971 is presented in NYU-TR-
73-1 (see pages Z-1 to Z-82).

In addition to these meteorological studies, several diffusion studies pertaining to atmospheric
diffusion modeling applied to the Indian Point Site were conducted. The final reports pertaining
to these diffusion studies are given on pages 2.6.K-1 to 2.6.K-15, 2.6.L-1 to0 2.6.L-67 and 2.6.M1
to 2.6.M-11.

2.6.3 Application of the Site Meteorology to the Safety Analysis of the Loss-of Coolant
Accident

The atmospheric dispersion factors required for the safety analysis of Chapter 14 have been
computed for the worst possible meteorological conditions which could prevail at the Indian
Point site.

A search of the records indicates that the most protracted consecutive period during which the
wind direction was substantially from the same directions was five days. The winds in this case
were from the northwest and speeds ranged from 15 to 30 MPH. In view of the large wind
speeds and slightly unstable to adiabatic range of thermal stability associated with this period of
maximum wind direction duration, this case does not represent the most conservative
meteorology associated with the Loss-of-Coolant Accident.
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The most frequent wind flow at low heights under inversion conditions is down the axis of the
valley. This direction, roughly 010-0300, is also the direction of maximum wind frequency at the
100 ft. tower level. Because of the relatively high frequency of inversion conditions associated
with this wind direction, the safety analysis assumed that the distribution of wind speed and
thermal stability during the hypothetical accident is exactly that measured at the 100 ft. tower
level for the 005-0200 wind direction. The valley wind is diurnal in nature, i.e., up-valley during
unstable hours and down-valley during stable hours.

The safety analysis of the Loss-of-Coolant Accident assumed that the accident occurs during
down-valley inversion flow conditions and that these conditions persisted for 24 hours with
average wind speeds slightly less than 2 m/sec. Figures 2.6-2 and 2.6-3 indicate that the
duration of the down-valley flow is about 12 hours rather than 24 hours, and that the vector
mean wind speeds are on the order of 2.5 m/sec.

In view of the discussion above, it must be concluded that the safety analysis for the first 24
hours was conservative to within a factor of about two.

The remainder of the safety analysis assumed that for the next 30 days, 35% of the winds are in
the 200 sector corresponding to the nocturnal down-valley flow and that wind speed and thermal
stability were as observed over the period of one year as measured at the 100 ft. tower location.
If the observations were distributed uniformly throughout the year, slightly over 100 hours per
month of 005-0200 winds could be expected to occur. The analysis assumes 276 hours of 005-
0200 winds occur in the first 31 days after the accident, and that about 130 of these hours are
characterized by inversion conditions. Approximately 35 weak pressure gradient days were
observed in September-October 1955 or about 430 hours per month. From Figure 2.6-4, the
hours during which the down-valley flow is quite reliable under weak pressure gradient
conditions are from 00-08 hours. Assuming that the reliability is 1.0 during these hours (it is fact
about 0.9 or less), the number of down-valley inversion winds per month during September and
October is on the order of 140 hours per month. This indicates that the meteorology assumed
in the safety analysis beyond the first 24 hours is about right for the worst months (September
and October) and is undoubtedly conservative, with varying degrees of conservatism, for about
ten months of the year.

The inversion frequency assumed for the 30-day accident case is conservative because the
evaluation was made from joint assumptions concerning the postulated meteorological
conditions viz.,

1) Inversion conditions prevail for 42.4% of the time

2) The wind direction is within a narrow 200 sector, for 35% of the time

This is equivalent to assuming that in the model 200 sector, the inversion frequency is 14.8
percent for the 30-day period. The observed annual maximum inversion frequency for a 200
sector is 6.2% (p.29, Table 3-3, NYU Tech. Report 372.3, Section 1.6). If we assume that the
inversion frequency is spread uniformly throughout the year, almost three months worth of
inversion in the model 200 sector are considered to occur in the first 31-day month after the
accident. The assumptions of uniform spread of inversion frequency over the year are
examined above, where an attempt was made to isolate those local meteorological conditions at
Indian Point which might yield the highest 30-day dose. It is concluded that the “worst”
meteorological conditions are associated with the nocturnal down-valley flow which is most
frequent during September and October.
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2.6.4 Conservatism of Indian Point Site Meteorology with Respect to Calculation of Off-Site
Doses

The conservatism of the site meteorology was evaluated with respect to wake dilution factors,
Pasquill categories for stability classification and site shaping characteristics.

Building wake dilution factors, documented in reports by Dr. Halitsky titled “An Analysis of the
Con Edison and AEC-DRL Wake Diffusion Models as Applied to the Indian Point Site”, (see
pages 2.6.K-1 to 2.6-K-15) and “An Analysis of the Con Edison and AEC-DRL Accident
meteorology models as Applied to the Indian Point Site”, (see pages 2.6.L-1 to 2.6.L-67)
demonstrate that limiting the building wake dispersion correction factor to a value of 3, as
required by AEC Safety Guide No. 4, is overly conservative. Both the Con Edison wake model
and the Safety Guide model, without limiting the building wake dispersion correction factor, are
realistically conservative when compared to actual field and wind tunnel measurements. The
reports also evaluate the overall conservatism of the Con Edison accident diffusion model.
Specific investigations of the turbulence characteristics and wind persistence for the site are
presented.

In addition, these two reports show that the classification of atmospheric stability using the
criteria documented in Safety Guide No. 23 is not appropriate for the Indian Point site. The
significance of the valley influence in generating lateral dispersion, and meandering of the wind,
create horizontal standard deviations of greater magnitude than those determined by using
vertical temperature gradients. The data indicate Pasquill categories measured under inversion
conditions with horizontal wind fluctuations similar to a Pasquill D category while, vertically,
Pasquill categories are E, F, or G.

Pickard, Lowe and Garrick of Washington D.C., in the report, “A Study of Atmospheric Diffusion
Condition Probabilities using the Composite Year of Indian Point Site Weather Data” (see pages
2.6.M-1 to 2.6.M-11), illustrate the effects of the site shaping technique for estimating the 95%
confidence level of the annual average dispersion coefficient at the exclusion area envelope. In
addition, the report shows the effect of using the “split sigma” model to account for the lateral
wind meander observed in the valley.

The composite year of measured meteorological data was compiled in a form compatible with
AEC Safety Guide No 23 in sheets 8 to 14 of Table 2.6-5. In order to conform with the sensor
heights specified in Safety Guide No. 23 the measured AT was multiplied by a AT correction
factor. The method used to determine this factor assumes an exponential relationship between
temperature and height, such that measured temperature difference between any two heights
can be represented as a temperature difference between two other heights, according to the
following relationship:

AT correction factor = 1n (hye/hi)/ 1n ("um/"Im)

where:
hye = height of upper extrapolated temperature (ft)
hie = height of lower extrapolated temperature (ft)
hym = height of upper measured temperature (ft)
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him = height of lower measured temperature (ft)

Sheets 1 to 7 of Table 2.6-5 show data normalized to the sensor heights specified in Safety
Guide No. 23.

The composite year reflects those periods in which data recovery was the greatest. The
composite year consists of January through July of 1970, August 1971, September and October
1972 and November and December of 1970.

Incorporation of the aforementioned characteristics unique to the Indian Point valley site into
diffusion calculations, insure that off-site doses following a loss-of-coolant accident are within
the limitations outlined in 10 CFR 100.

2.6.5 Onsite Meteorological Measurements Program

The meteorological measurement program consists of three instrumented towers, redundant
power and ventilation systems, redundant communication systems, and a mini-computer
processor/recorder. The meteorological measurement program complies with the acceptance
criteria stated in Section 2.3.3. and in Section 17.2 of NUREG-75/087 Revision 1 (superseded
by NUREG-0800, Rev. 2, July 1981) with the former section dealing with meteorological
sensors and recorders, and the latter dealing with the Quality Assurance Program. The
meteorological measurements program consists of primary and backup systems. The accuracy
of the meteorological sensor and recording systems meet the system specifications given in the
Section C.4 of proposed Revision 1 to Regulatory Guide 1.23.

Primary System

A 122-meter, instrumented tower is located on the site and provides:
1. Wind direction and speed measurement at a minimum of two levels, one of which is
representative of the 10-meter level:
2. Standard deviations of wind direction fluctuations as calculated at all measured levels;
3. Vertical temperature difference for two layers (122-10 meters and 60-10 meters);
4. Ambient temperature measurements at the 10-meter level;

5. Precipitation measurements near ground level;

6. Pasquill stability classes as calculated from temperature difference.

To assure acceptable date recovery, the meteorological measurements system and associated
controlled environmental housing is connected to a power supply system which has a redundant
power source. A diesel generator has been installed to provide immediate power to the
meteorological tower system in the event of a power outage. The generator becomes fully
powered within 15 seconds after an automatic transfer switch is tripped. Various support
systems include an uninterruptible power supply, dedicated ventilation systems, halon fire
protection, and dedicated communications.
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The meteorological data is transmitted simultaneously to two data loggers located at the
Primary Tower site. One data logger transmits 15-minute average meteorological data to a
computer to determine joint frequency distributions, and the second data logger transmits 15-
minute average meteorological data to a computer located in the Buchanan Service Center,
which provides the capability for accessing the meteorological data remotely.

Meteorological data can be transmitted simultaneously to the IP3 / IP2 emergency response
organization and the NRC in a format designated by NUREG-0654/FEMA-REP-1.

Fifteen minute averages of meteorological parameters covering the 12-hour period previous to a
recall command is available upon interrogation of the system.

Backup Systems

In the event of a failure of the primary meteorological measurement system, a backup
meteorological system is used at the Indian Point site. This system is independent of the
primary system and consists of an instrumented meteorological tower (a backup tower located
approximately 2700 feet north of the primary tower). The associated data acquisition system for
the backup tower is located in the Emergency Operations Facility. The backup system provides
measurements of the 10-meter level of wind direction and speed, and an estimate of
atmospheric stability (Pasquill category using sigma theta which is a standard deviation of wind
fluctuation). The backup system provides information in the real-time mode. Changeover from
the primary system to the backup system occurs automatically. In the event of a failure of the
backup meteorological measurement system, a standby backup system exists at the 10-meter
level of the Buchanan Service Center building roof. It also provides measurements of the 10-
meter level of wind direction and speed, and an estimate of atmospheric stability (Pasquill
category using sigma theta which is a standard deviation of wind fluctuations). The changeover
from the backup system to the standby system also occurs automatically.

As in the case of the primary system, the backup meteorological measurements system and
associated controlled environmental housing system is connected to a power system which is
supplied form redundant power sources.

In addition to the backup meteorological measurements system, a backup communications line
to the meteorological system is operational. During an interim period, the backup
communications is provided via telephone lines routed through a telephone company central
office separate from the primary circuits.

Atmospheric Dispersion Factors for Routine Releases

Extensive analyses and calculations were carried out in 1991® to reevaluate the atmospheric
dispersion factors for routine releases at Indian Point. The primary objective was to ensure the
applicability of the dispersion factors in the Offisite Dose Calculation Manual (ODCM) in view of
potential changes in the meteorological conditions at the site.

In the analyses, consideration was given to an extended meteorological database and up-to-
date analytical models. Briefly, use was made of the following:

1. 10 years’ worth of hourly meteorological data collected on site for the period 1981
through 1990.
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2. Mixed-mode releases, whereby released plumes can be totally elevated, totally at
ground level, or in between,

3. Valley-flow considerations for the assessment of channeling and recirculation effects
(based on a site specific study®), and

4. Analytical models which permit the computation of radiation exposures due to inhalation
and due to immersion in finite clouds of radioactive material.

The locations of interest were the site boundary, the nearest residences in each sector, and
milking animals at 5 miles. See Ref. 8 for complete details and results.
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Table 2.6-1
ANNUAL SUMMARY OF WIND DIRECTION PERCENT FREQUENCY DISTRIBUTION

AS A FUNCTION OF STABILITY - 10M LEVEL
(JANUARY 1, 1979 - DECEMBER 31, 1980)

Wind Stablility Class

Direction A B C D E F G
N 1.28 0.36 0.48 3.39 2.67 0.50 0.09
NNE 1.76 0.40 0.46 3.15 3.33 0.80 0.17
NE 0.63 0.35 0.58 4.22 4.66 2.12 0.40
ENE 0.06 0.07 0.17 1.59 2.61 1.84 0.43
E 0.01 0.03 0.03 0.64 1.49 0.59 0.11
ESE 0.01 0.01 0.01 0.27 0.73 0.21 0.04
SE 0.03 0.01 0.02 0.23 0.67 0.26 0.02
SSE 0.09 0.03 0.04 0.45 1.04 0.31 0.05
S 2.04 0.25 0.29 1.74 3.39 0.76 0.11
SSW 2.58 0.51 0.38 2.14 5.04 0.72 0.05
SW 1.16 0.33 0.35 1.89 3.03 0.51 0.03
WSsw 0.49 0.17 0.16 0.96 1.44 0.39 0.02
W 0.56 0.22 0.17 1.40 1.64 0.43 0.06
WNW 0.47 0.15 0.26 1.64 1.49 0.21 0.03
NW 0.70 0.31 0.32 2.36 1.85 0.10 0.01
NNW 0.80 0.40 0.49 3.26 1.60 0.17 0.04
CALM 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MISSING 0.12 0.05 0.03 0.21 0.51 0.15 0.02
TOTAL % 12.80 3.66 4.23  29.56 37.17 10.08 1.69

NO. OF HOURS 2244 641 742 5183 6519 1768 297
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Table 2.6-2

Wind *
Direction A B c E | G
Chapter 2, Page 388 of 569
Revision 08, 2019




IP3
FSAR UPDATE

Table 2.6-3
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2.7 GEOLOGY

Between 2005 and 2007, GZA GeoEnvironmental (GZA), perfomed a comprehensive
hydrogeolic investigation of the site. This investigation was initiated to understand groundwater
flow and contaminant transport. During this investigation numerous borings were advanced to
study the site geology, hydrology and aquifer properties. Details of the geology, hydrology and
aquifer properties can be found in the GZA report (Reference 7).
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) GZA, Hydrogeologic Site Information Report for the Indian Point Energy Center, January
7, 2008.
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2.9 ENVIRONMENTAL MONITORING PROGRAM

2.9.1 General

A program to determine the environmental radioactivity in the vicinity of Indian Point Station was
instituted in 1958, four years prior to the initial operation of Consolidated Edison’s Indian Point
Unit No. 1. The purpose of this survey was to determine the natural background radioactivity
and to show the variations in the activities that may be expected from natural sources, fallout
from bomb tests and other sources in the vicinity. This program has been continued to the
present so that changes in the environment, resulting from station operations, could be
accounted for. The results of these surveys are reported annually to the Nuclear Regulatory
Commission.

In addition, the New York State Department of Health has conducted surveys throughout the
State of New York since 1955, including extensive surveys in the vicinity of the Indian Point
Station since 1958. In 1965 and 1966, they reported the findings in the vicinity of the Indian
Point Station in two special reports. Since that time, their reporting has been on a statewide
basis in quarterly bulletins and in annual reports.

In 1964, the New York University Medical Center began a research program on the ecology of
the Hudson River. The New York University studies include the biology of the Hudson River,
the distribution and abundance of fish in the river, pesticides and radio-ecological studies. The
results of this program, supported by the United States Public Health Service, the New York
State Department of Health, and the Consolidated Edison Company have been submitted in
several program reports.

The various studies mentioned above included measurements of radioactivity in fresh water,
river water, river bottom sediments, fish, aquatic vegetation, soil, vegetation and air in the
vicinity of the Indian Point Station. The results of these monitoring programs have shown that
the operation of the Indian Point Units 1, 2, and 3 have had no deleterious effects on the
environment.

2.9.2 Survey Programs

The survey of environmental radioactivity in the vicinity of Indian Point Station provides an
indication of the integrity of the in-plant radiation monitoring instrumentation and can reveal any
buildup of long lived radionuclides.

By determining the activity of filterable air particulate, vegetation, drinking water and above
ground gamma fields, an indirect monitoring of discharges to the atmosphere is provided by the
environmental survey program.

The effect of liquid effluents on the Hudson River is monitored by measuring the activity of the
cooling water inlet to and discharge from the station, discharges from the plant, activity analysis
of river shoreline soils and river fish and invertebrates.

A detailed description of the media sampled in accordance with plant Environmental Monitoring
Program and the ODCM is given below:
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Air Particulate and Organic lodide

Concentration of radioactive particles in the air is measured weekly from 5 stations.

Membrane filters precede charcoal impregnated filters. The particulate filters are assayed for
gross beta activity and are composited for quarterly gamma spectral analysis. Charcoal filters
have gamma spectral analysis for I-131 performed weekly.

Reservoir Water

Drinking water is sampled monthly from an area reservoir. The water sampled is analyzed for
gross beta activity, and for other nuclides via gamma spectral analysis. A quarterly composite
sample is analyzed for tritium.

Hudson River \Water

Continuous flow samples of the condenser inlet cooling water and discharge water are collected
and composited. Samples are taken, at a frequency specified in the ODCM, from continuous
samples and composited for a monthly gamma spectroscopy analysis, and for a quarterly tritium
analysis.

Hudson River Shoreline Soil

Twice a year, at least 90 days apart, samples of river shoreline soil are taken at two locations.
Gamma spectral analysis is performed on each sample.

Hudson River Fish and Shellfish

Fish and invertebrates are caught seasonally (semi-annually if not seasonal) where available
near the site and analyzed by gamma spectral analysis.

Vegetation

Samples of broad leaf vegetation are collected monthly, if available, in the critical wind sections
within several miles of the plant. Gamma spectral and lodine-131 analyses are performed on
these samples.

Milk
Milk samples are obtained, when available, on a monthly basis (semi-monthly when animals are

on pasture) from dairy farms, located within 5 miles of the site. The samples are analyzed for
lodine-131 content, and for other nuclides by gamma spectral analysis.

Direct Gamma (Continuous)

At 40 locations near the site and out to about 5 miles, the background gross gamma radiation is
continuously monitored. The measuring devices consist of two sets of thermoluminescent
dosimeters (TLDs). The TLDs are removed at quarterly intervals and the amount of absorbed
background radioactivity is recorded.

Chapter 2, Page 431 of 569
Revision 08, 2019



IP3
FSAR UPDATE

2.9.3 Summary

The environmental monitoring program conducted by Entergy supplies sufficient data to
determine the compliance of Indian Point Unit Nos. 1, 2 and 3 with the requirements of 10 CFR
20. The environmental survey program which monitors air, water, river shoreline sediments,
terrestial vegetation, milk and selected aquatic biota provides an indication of the cumulative
amounts of radioactivity in the environment.

Results of the environmental monitoring program are reported on an annual basis to the nuclear
Regulatory Commission, who are thereby advised of the short and long-term trends in the
environment. In addition, discharges of radioactive liquids and gases are reported to the
Nuclear Regulatory Commission.

In the event that the Indian Point Station Environmental Monitoring Program detects increases
in the background radiation levels above the reporting levels specified in the Offsite Dose
Calculation Manual (ODCM), Entergy will notify the Nuclear Regulatory Commission.

Although the design of Indian Point 3 and administrative controls are such that liquid and
gaseous effluents are released in accordance with the requirements of 10 CFR 20, the
environmental monitoring program conducted by IP3 and IP2 provides a redundant means of
insuring that the operation of this facility does not pose any undue risk to the health and safety
of the public.
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	8 per cent of the basin.
	B. Basin Hydrology
	The general climate of the Hudson River Basin may be considered
	as moist continental.  The Upper Hudson Basin has comparatively
	long, cold and snowy winters sand short mild summers.  In the
	Lower Hudson Basin, the climate is much milder due to the modify-
	ing influence exerted by the valley.  For these areas there are
	usually longer summer periods and milder winters.  The Mohawk River
	Basin has variable weather conditions with characteristics of both
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	The average annual temperature within the basin ranges from 50 F
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	corresponding average July temperature varies form 75 F to 65 F
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	The maximum and minimum temperatures recorded in the basin are 106 F
	and -42 F respectively.
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	The average annual precipitation varies from 34 inches in the center
	of the basin to more than 50 inches in the Adirondacks.  Most of the
	basin receives an average of about 40 inches.  In general, the pre-
	cipitation is distributed evenly through the year with a slight rise
	during the summer.  Figure II-3 depics the normal annual precipi-
	tation for the entire Hudson River Basin.
	The average annual snowfall for the basin ranges from about 30 inches
	in New York City to over 130 inches in the Adirondack mountains.
	A summary of major basin characteristics including rainfall and run-
	off data for the three subbasins i.e. the Upper Hudson, Mohawk and
	Lower Hudson Rivers, is given in Table II-2.
	The U.S. Geological Survey (U.S.G.S.) maintains stream gages at
	some 62 locations in the basin; 21 in the Upper Hudson, 11 in the
	Mohawk and 30 in the Lower Hudson Basin.  Because of tidal oscilla-
	tion, it is not possible to measure the fresh water flow in the
	Lower Hudson River directly.  Flow histograms in the tidal portion
	of the river are usually constructed from a knowledge of the Green
	Island time-discharge relation (the most downstream gaging station
	above tidewater).  The ration of the drainage areas tributary to
	Green Island and the Battery is 1.65.  However, analysis of data
	developed by the U.S.G.S. indicates that a yield factor of 1.225
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	HUDSON RIVER BASIN CHARACTERISTICS
	Drainage           Channel            Mean              Mean An-        Mean Annual
	Area                Length            Annual             nual pre-           Evaporation              Mean Annual              Storage
	Subbasin                  (sq.mi.)              (miles)           Temp  F            cipation             & Trans                         Runoff                Usable Capac-
	(inches)           Precipitation                                               ity     acre – ft.
	cfs       cfs       in
	sq.mi.
	Upper Hudson
	River Basin 4627 150 40 40 16 7400 1.60 24 863,000
	Mohawk River
	Basin 3462 155 45 46 24 5600 1.61 22 203,900
	Lower Hudson
	River Basin 4561 154 48 42 20   8700* 1.90 22 551,000
	* Estimated
	-11-
	-11-
	represents the statistically probably value of the ration of the
	Lower Hudson discharge to Green Island discharge.
	A summary of runoff data at several stations representative of the
	three subbasins, i.e. the Upper Hudson, Mohawk and Lower Hudson
	Rivers, is given in Table II-3.
	A comparison of long term Lower Hudson monthly average flows with
	the 1964 histogram is shown on Figure II-4.  These histograms were
	prepared from the Upper Hudson flow measurements at the Mechanicville
	gage and the Mohawk River measurements at the Cohoes gage for the period
	from 1918 to 1947 and the Green Island gage for later years.  The
	Lower Hudson River values referred to in this section were established
	using the yield factor of 1.225.
	Flood records indicate that in the past several major floods in the
	Hudson River Basin have occurred during the spring as well as during
	the fall or early winter.  General storms covering the entire watershed
	are usually of the transcontinental (cyclonic) or tropical types.
	The greatest flood of record over most of the basin occurred in March,
	1913 as the result of a period of rapid thaw followed by five days of
	heavy rainfall.  The March, 1936 storm, which followed a sudden rise
	in temperature after a winter of heavy snowfall was the second greatest
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	TABLE II-3
	STREAMGAGE SUMMARY AT REPRESENTATIVE
	STATIONS IN THE HUDSON RIVER BASIN
	Station                        Area (sq.mi.)    Mean Flow (cfs)     Mean    Runoff        Years of
	Record
	(csm)   (inches)
	Mohawk River Basin
	Mohawk River
	near Rome 150 379 2.53 34.4 47
	near Little Falls 1,348 2,708 2.01 27.1 41
	at Cohoes 3,453 5,537 1.61 21.8 43
	Upper Hudson River Basin
	Hudson River
	near Newcomb 192 387 2.02 27.4 43
	at Gooley 419 830 1.98 27.0 52
	at North Creek 792 1,534 1.94 26.3 61
	at Hadley 1,664 2,849 1.71 23.3 47
	at Mechanicville 4,500 7,431 1.65 22.42 70
	Sacandaga River
	near Hadley 1,055 2,106 2.00 27.2 61
	Hoosic River
	near Eagle Bridge 510 903 1.77 24.1 56
	Schroon River
	at Riverbank 527 795 1.51 20.6 61
	Lower Hudson River Basin
	Hudson River At
	Green Island 8,090 13,060 1.62 22.0 22
	Kinderhook Creek
	at Rossman 329 454 1.38 18.8 44
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	TABLE II-3 (Continued)
	STREAMGAGE SUMMARY AT REPRESENTATIVE
	STATIONS IN THE HUDSON RIVER BASIN
	Station                        Area (sq.mi.)    Mean Flow (cfs)     Mean    Runoff        Years of
	Record
	(csm)   (inches)
	Catskill Creek
	at Oak Hill 98 126 1.29 17.5 58
	Walkill River
	at Gardiner 711 1,045 1.47 20.0 44
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	FIGURE II-4
	-12
	Several tropical type storms occurred in October, 1869; November,
	1927; and September, 1938.
	Table II-4 summarizes the peak discharges and stages of the Hudson
	River at Troy and Albany during the eight largest floods since 1846.
	Several peak discharge frequency curves based upon a number of
	statistical evaluation methods are shown in Figure II-5.  Further
	discussion of these curves is presented in the next chapter.
	Most of the major floods occurred prior to construction of the
	Sacandaga Reservoir in 1930 which greatly moderated downstream
	flows.  This reservoir and several other reservoirs control about
	20 per cent of the entire Hudson River watershed,    they have been built
	to control floods, augment the natural river flows, and for munici-
	pal and industrial supply.  The major seven reservoirs in the Basin
	are listed in Table II-5.  Detailed description of these reservoirs
	appear in Chapter IV of this report.
	C. Hudson River Channel Characteristics
	The major Hudson River Channel characteristics used in flood routing
	of the probable maximum flood and backwater computations are summarized
	below.
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	TABLE II-4
	Flood Stages and Discharges, Hudson River
	(Hudson River Basin)
	Flood                                        Troy, N. Y.                                         Albany, N. Y.
	Drainage  Area  8,090 sq.mi.              Drainage Area 8,270 sq.mi.
	Peak Stage      Peak Discharge        Peak Stage    Peak Discharge
	(ft.m.s.1.)               (c.f.s.)                      (ft.m.s.1.)              (c.f.s.)
	October 5, 1869 1   2    18.98
	April 10, 1895 1    2 16.42
	March 28, 1913 1    2 29.4 223,000 21.45 228,000
	April 12, 1922  1    25.7 154,000 15.98 158,000
	November 4, 1927  1 24.8 150,000 15.96 153,000
	March 19, 1936 19.17 215,000 17.5 220,000
	September 22, 1938 27.1 183,000 16.5 187,000
	December 31, 1948              26.74                    181,000                          17.46  3          185,000  3
	Bank full stage 24.0  11.0
	1 Before completion of Sacandaga Reservoir and 27 ft. navigation channel
	to Albany
	2 Before construction of Federal lock and dam at Troy.
	3 January 1, 1949.
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	TABLE II-5
	MAJOR HUDSON RIVER BASIN RESERVOIR SUMMARY
	No. Reservoir  Year  Usable
	Placed in Stream Capacity Drainage Purposes Distance  Service   (ac-ft) Area Area  from Indian Point
	(miles)
	MOHAWK
	RIVER BASIN
	1 Delta Reservoir 1912 Mohawk River 64,500 140 Canal Regulation 225
	2 Hinckley Reservoir 1914 West Canada Creek 78,000 374 Canal Regulation 217
	and Utica Water
	Supply
	3 Schoharie Reservoir 1926 Schoharie Creek 61,400 314 New York City 190
	Water Supply
	UPPER HUDSON
	RIVER BASIN
	4 Indian Lake 1898 Indian River 103,000 131 River Regulations, 250
	Power
	5 Sacandaga Reservoir 1931 Sacandaga River 760,000 1,044 River Regulation, 180
	Flood Control,
	Power
	LOWER HUDSON
	RIVER BASIN
	Ashokan Reservoir 1915 Esophs Creek 383,000 257 New York City 75
	Water Supply
	Rondout Reservoir  Rondout Creek 158,000 95 New York City 75
	Water Supply
	-13-
	The Lower Hudson River Channel is a relatively deep and straight
	channel.  The aviation in the cross sectional     area, at mean low
	water, between the ocean entrance and the head at the Federal Dam
	at Troy is shown in Figure II-6.  The variation is significant and
	erratic and cannot be accurately described by a simple mathematical
	model.  The total area in the Lower Hudson ranges between over
	250,000 sq. ft. in Haverstraw Bay and less than 50,000 sq. ft. at
	Troy with an average of about 120,000 sq. ft.
	The top width at mean low water is shown in Figure II-7.  The vari-
	ation in the surface width is even more erratic than the cross-sec-
	tional area.  This is due to the presence of several bays and
	shoals in the Lower Hudson.  Two major bays are located on Figure II-6.
	These are Haverstraw Bay and Newburgh Bay.
	The mean depth of the river is shown in Figure II-8.  The mean depth
	is defined as the cross-sectional area divided by the top width.
	From the Battery to the head of Haverstraw Bay, the mean depth
	generally decreases from some 38 feet to about 16 feet.  Upstream
	of Haverstraw Bay the depth abruptly increases, in an erratic manner,
	reaching a maximum of approximately 100 feet in the vicinity of West
	Point.  Point values approach some 200 feet.  This abrupt increase
	in depth has a significant effect on salt water intrusion in the river.
	II-19
	FIGURE II-6                                                                                                  II-20
	FIGURE II-7                            II-21
	FIGURE II-8                                                                                         II-22
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	As indicated before, the Lower Hudson River is a tidal estuary
	between the Federal Dam at Troy and the New York Harbor.  It is
	also classified as a dampened, reflected tidal wave regimen.15
	Dampening occurs by dissipation of tidal energy via channel fric-
	tion as the oceanic tidal wave progresses upstream.  Reflection
	includes secondary wave propagations caused by channel obstructions.
	Complete reflection occurs at the Federal Dam at Troy.  Additional
	wave reflections occur due to significant changes in channel width.
	As widths increase, wave amplitudes tend to decrease, whereas a
	decrease in channel width causes an increase in wave amplitudes.
	Tidal behavior at any section is the composite effect of ocean
	tide, channel friction and wave reflection.  The primary ocean
	tides are also variable with maximum amplitudes occurring during
	spring tide and minimum amplitude during neap tide.  Variations
	in fresh water discharge and the barometric conditions also   con-
	tribute to changes in amplitude.
	Figure II-9 illustrates the principal tidal characteristics along
	The stretch of river between the ocean entrance and Poughkeepsie.
	High and low water above mean low water at Sandy Hook, New Jersey
	are shown on the upper figure.  The half-tide level indicates the
	average slope in the river.  The total fall from Troy to the sea is
	about 2 feet.
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	FIGURE II-9                                                                                      II-24
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	The variation in the tidal range along the river is shown in the
	middle figure.  It will be noted that, in moving upstream, the
	range of tide diminishes from about 4.4 feet at the Battery to a
	minimum of about 2.6 feet at a point near Storm King (mile point
	56).  The tidal range then reaches a maximum of 4.1 feet at a
	point near Catskill and then increases to 4.8 feet at Troy.
	The high water and low water lunar intervals, as referred to the
	transit of the moon over the meridian of Greenwich, are shown on the
	lower figure.
	Figure II-10 shows the variation of mean sectional, tidal velocity
	along the river.  The raw data for the ebb and flood strengths
	were obtained from the 1929 U.S.G.S. study.  Ebb and flood strengths
	were each averaged across the river cross section.  Mean absolute
	velocity over a tidal cycle ws then obtained by averaging section
	averaged ebb and flood strengths.
	The variation of the mean tidal “flow” along the river is also shown
	on Figure II-10.  It will be noticed that the mean tidal flow decreases
	from a maximum of 425,000 cfs at the Battery to zero at the Federal
	Dam at Troy (about mile point 153).
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	FIGURE II-10                                                       II-26
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	Hudson River salt intrusions at equilibrium, or near equilibrium
	conditons, for selected flows are shown on Figure II-11    Data
	are shown for both the Hudson River model and the prototype con-
	ditions.  Prototype profiles were obtained by chemical and elect-
	trical measurements sand are representative of equilibrium condi-
	tions.  Model profiles represent steady state equilibrium condi-
	tions and were obtained by chemical measurement on the Hudson
	River model at the Waterways Experiment Station, U.S. Army Corps
	of Engineers, Vicksbury, Mississippi.  Salinities shown are tidal
	average values over a tidal cycle and a full channel cross-seciton.
	The Vicksbury model is operated for the mean tide.
	Figure II-12 shows the relationship between the length of salt water
	intrusion at equilibrium in miles and fresh water flow in the lower
	Hudson.  this length is defined as the point on the intrusion curve
	at which the salinity is 100 ppm.
	These results indicate that the salinity intrusion is influenced by
	the oceanic tidal action which causes the ocean-derived salt to ad-
	vance landward and the up river inflow which tends to flush the es-
	tuary.
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	FIGURE II-11                                                                          II-28
	FIGURE 11-12                                                                       II-29
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	MAXIMUM FLOOD AT INDIAN POINT
	No detailed investigation had been performed prior to this study
	A semi-empirical approach was followed by Q L & M in early 1970 to
	III-1
	Figure III-1                                                                               III-2
	-18-
	A more comprehensive study of a formal or detailed nature involving
	The results of the sem-empirical study are presented first followed
	III-3
	-19-
	The first study was of a preliminary nature and was based upon
	The 1968 preliminary estimates were then modified as a result of
	Another investigation based upon several Corps of Engineers studies
	Six different methods were used to determine the probable maximum
	III-4
	TABLE III-1
	COMPONENT FLOW & WATER ELEVATION
	AT INDIAN POINT
	February 1969 Estimates
	1.  Maximum Ebb Flow 275,000 cfs
	2.  Flow Caused by Dam Failure 785,000 cfs
	3.  Flow Cuased by Maximum Rain 397,000 cfs
	4.  Total Flow at Indian Point 1,457,000 cfs
	5.  Elevation at Indian Point
	Resulting from the Total
	Flow 11.7 ft (MSL Datum)
	-20-
	The PMF values at Indian Point were predicted on the basis of a
	The values corresponding to the above listed basins are compared
	III-6
	TABLE III-2
	A SUMMARY OF THE METHODS USED TO
	PREDICT PROBABLE MAXIMUM FLOOD AT INDIAN POINT
	#                                             Method                                              Figure                                     PMF a I. P. (CFS)
	*Not included in Anerage
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	TABLE III-3
	COMPARISON OF DRAINAGE BASINS
	III-8
	-21-
	The relationship between the drainage area and computed probable
	The fact that the Hudson River Basin is regulated appreciably is
	A prediction of the Hudson River PMF on the basis of the maximum
	A more realistic approach taking into consideration the combined
	III-9
	FIGURE III-2  PROBABLE MAXIMUM FLOOD – DRAINAGE AREA RELATIONSHIP
	Figure III-3                           II-11
	Figure III-4                                     III-12
	-22-
	Another simple estimate equating the probable maximum flood to a
	III-13
	Figure III-5                                               III-14
	-23-
	The probable maximum precipitation for this study was developed from
	The PMP curves of Figure III-6 were obtained by transposing storms
	III-14a
	Figure III-6                                                                           III-15
	-24-
	The general level of these curves has been found to be consistent
	On the basis of these curves, a probable maximum precipitation
	The storm selected for application to the Hudson River Basin is
	This pattern was considered in this study  due to the similarity
	Because of the comparatively small differences between the average
	The purpose of this step is to define rain concentration associated
	The computational procedure is described below.  Due to the presence
	III-19
	-26-
	III-21
	Figure III-9                                                                              III-22
	-28-
	III-23
	-29-
	The results of the areas (step a), separate storm depths of rain-
	(step h) for the total duration of the probable maximum storm are
	Report No. 40 was employed.  The procedure consists of the follow-
	III-24
	TABLE III-4
	ISOHYET VALUES FOR THE TOTAL DURATION
	III-25
	-30-
	III-26
	-31-
	The results of the incremental average depth for the first 4
	6-hour increments and for the second and third days are summarized
	The incremental values of the isohyets for the 12 subdurations were
	12 subdurations for each one of the 28 subbasins shown in Figure II-1
	III-27
	The incremental PMP values and related runoff for the entire Hudson
	River Basin above Indian Point are depicted in figure III-10.  It
	Unit hydrographs for 12 subbasins in the Upper Hudson were taken
	III-37
	-34-
	Unit hydrographs for approximately 70 percent of the
	No unit hydrograph was derived for subbasin 18.5.  This subbasin
	III-39    Figure III-11
	III-40    TABLE III-12
	III-41    Figure  III-15
	III-45
	-35-
	The construction of the shape of the synthetic unit hydrographs
	The area under the synthetic unit hydrographs which should be
	Three typical unit hydrographs for three subbasins in the Upper
	Figure III-15 compares the unit hydrograph peaks used in this study
	III-46
	-36-
	The Corps of Engineers results are represented by a mean, upper
	The Upper Hudson unit hydrograph peaks which were developed from
	A more elaborate verification of the developed Hudson River Basin
	III-47
	-37-
	Storms swept the New York and southern New England area in three
	The Mohawk River discharge observed at Cohoes reached a peak of
	The unit hydrographs developed for the above-mentioned basins (all
	III-48
	-38-
	III-49
	Figure III-16
	The agreement between the observed and computed results for the
	The specific details of this procedure, excluding reservoir flood
	Mohawk River Basin computations will be used in a detailed manner
	III-59
	-41-
	Subbasin No. 15 envelops an area of 2170 square miles
	Subbasin No. 16 includes Schoharie Creek basin which
	Subbasin No. 17 includes the remaining 366 square miles
	III-60
	Figure III-20 summarizes the necessary basic data
	III-62
	-43-
	The Schoharie Creek flood hydrograph is also given
	A base flow of 1 cfs/square mile was added to the
	III-63
	-44-
	The generated flood curve in Figure III-20 includes
	The generated flood hydrographs for the three Mohawk
	River Subbasins were combined and routed downstream
	III-21.  The Mohawk River Flood downstream of its
	The resultant is represented by (15 + 16) curve in
	III-65
	-45-
	The resultant flood hydrograph was  then routed
	The routed hydrograph was  then combined with the
	The foregoing procedure and the one outlined in
	A listing of the Mohawk River Program is given in
	Plate III-2 is a listing of the input or data file
	III-66
	-46-
	graph for each subbasin and the results used to con-
	OF HUDSON RIVER BASIN RESERVOIRS
	A conservative estimate of the combined failure effect is presented
	Following this is a detailed evaluation of the probable maximum
	Reservoir flood routing procedures used in this study and referred
	The major reservoirs located upstream of the Indian Point site
	Moreover, most of these reservoirs are located in the Upper Hudson
	A formula developed by Lishtwan20 and a wave profile expression
	Chow’s21 equation of the wave profile, resulting from the failure
	IV-2
	Integrating this equation from the origin at the dam site to the
	Lishtwan’s 20 equation of the flow downstream of the dam site may
	IV-3  -59-
	Equations IV-4 and IV-5 were used to determine the flow at Indian
	Point 3 Point resulting from failure of the hypothetical reservoirs at
	Comparison of these results with those resulting from the failure
	Furthermore, no advantage was taken of the storage available in the
	IV-4
	At elevation 771.0 feet above mean sea level (Crest of Conklingville
	IV-7
	IV-8
	-61-
	A typical cross-section of the Conklingville Dam is depicted in
	The dam was built by the state of New York and is maintained and
	It is an earth dam with a relatively impermeable core founded on
	The dam is very stable and has proven its ability to withstand
	A two-day inspection of the dam and reservoir, conducted after
	The dam is relatively impervious and seepage is reduced by the use
	IV-12
	IV-14
	-63-
	The outlet works consist of three 8 foot diameter Dow Valves an
	Figure IV-4 shows the combined discharge variation with the stage
	IV-15
	IV-16
	-64-
	Equation IV-6 was programmed as shown on Plate IV-2 and the input
	IV-17
	IV-18
	IV-19
	-65-
	It was assumed that the outlet works would start operation when
	IV-20
	-66-
	The program output includes subbasin #8 flood hydrograph (inflow
	The program, data file and printout are shown in plates IV-2
	IV-6.  The computed reservoir inflow reached a peak of 262,362 cfs
	The maximum reservoir stage resulting frm routing subbasin #8 flood
	IV-21
	IV-22
	IV-23
	IV-24
	IV-25
	IV-26
	-67-
	These findings were discussed with Mr. Robert Forrest, Chief
	Engineer of the Board of Hudson River – Black River Regulating
	IV-27
	-68-
	These comments and the dam failure analysis of the next section
	Dam will not be overtopped.  Another dam stability criterion in-
	In general, earth dams will fail when seepage water escapes at the
	As indicated earlier, the Conklingville Dam is provided with an
	IV-28
	-69-
	In other words, the material was assumed to be homogenous.  The
	The flow lines in this portion may be approximated by
	A may be taken as the difference between the total
	Integration of Darcy’s equation and the use of the
	IV-11
	When the distance s1\ is small by comparison to s, the
	Equations IV-9, IV-10 and IV-12 can be solved simultaneously to
	The results for both conditions are depicted in Figure IV-7.  In
	This indicates that the seepage water would collect in the rock toe
	IV-32
	IV-33
	-72-
	and would be safely discharged without carrying soil grains with
	it.  In other words piping would not occur.
	As a conclusion, therefore, the safety of the Conklingville Dam
	under the probable maximum precipitation conditions considered in
	this study would not fail from earthquake, overtopping or piping.
	C. Ashokan Dam Studies
	1. Introduction
	This section presents the results of the Ashokan Reservoir studies.
	As in the previous section, the presentation begins with a general
	description of the reservoir and dam followed by delineation of the
	reservoir flood routing procedure used in connection with the
	Indian Point PMF determination.  Evaluation of the Ashokan Dam
	failure is given next.
	The work required to achieve the dam failure analysis objective
	includes:
	a. Determination of the effect of routing the Esopus
	Creek flood hydrograph resulting from the selected probable
	maximum storm (Figure III-8) through the reservoir on
	the dam.
	b. Since the results of item (a) above showed that the
	dam will not fail, a more critical condition involving
	IV-34
	IV-35
	-73-
	the effect of a local probable maximum storm (over
	Esopus Creek Basin only) on the dam was investigated.
	This condition resulted in a partial failure of the
	dam.
	The last item in this section documents the results of the com-
	bined effect at Indian Point resulting from simultaneous occurrence
	of the Ashokan Dam failure and a Hudson River Standard Project flood.
	2. Description of Ashokan Reservoir and Dam
	The Ashokan Reservoir is the second largest regulating feature in
	the Hudson River Basin.  It controls some 257 square miles of the
	Esopus Creek Basin which drains the southerly slope of the Catskill
	Mountains.  This area is designated as Subbasin No. 19 in Figure
	II-1.
	The reservoir is an artificial lake about 12 miles long, located
	about six miles west of the city of Kingston, and is part of the
	New York City Water Supply System.  It was formed by construction
	of the Ashokan Dam during 1907-11.  The dam is located on Esopus
	Creek which discharges into the Hudson River some 60 miles upstream
	of Indian Point.  The layout of the reservoir is shown in Figure
	IV-8.
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	The reservoir has a surface area of 8180 acres and consists of
	two basins connected by a dividing weir.  The west basin controls
	about 90 per cent of the drainage area and has a storage capacity
	of 6.3 billion cubic feet at elevation 590.0.  The east basin is
	3 feet lower than the west basin and has a capacity of 10.8 billion
	cubic feet at elevation 587.0
	The reservoir has a maximum surface width of three miles with an
	average of about 1 mile.  The reservoir depth averages about 50
	feet and reaches a maximum of 190 feet.
	the reservoir is provided with a 900 foot long spillway having
	a crest elevation of 587.0.  The spillway is located at the
	eastern end of the east dike.  The stored water flows through the
	east basin and is carried by the Catskill Aqueduct to the New York
	City Water Supply System.  The aqueduct has a capacity of some
	600 million gallons per day.  Except for the dividing weir, the
	west basin is not provided with any kind of outlet works.
	The capacity curves of the east and west basins are shown in
	Figure IV-9.
	As shown in Figure IV-8 the Ashokan Dam consists of several parts.
	The length and elevation of each part are summarized in Table IV-1.
	IV-37
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	TABLE IV-1
	LENGTH AND ELEVATION
	OF ASHOKAN DAM PART
	Part                          Length (ft)                            Elevation, MSL
	Crest of Dam          Crest of Core
	Main Dam
	Masonry Part 1000 610
	Earth Part 3650 610 596
	West Dike 1700 610 596
	Middle Dike 6700 606 593
	East Dike 2600 602 593
	Spillway 900 587
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	Typical crosss-sections of the main dam (both the masonry and
	earth parts), west, middle and east dikes are shown in Figures
	IV-10 and IV-10a.
	3. Flood Routing through Ashokan Reservoir
	The outflow pattern that is produced by the Esopus Creek Basin
	(Subbasin No. 19) inflow into the Ashokan Reservoir was determined
	by an analytical procedure similar to the one used for Sacandaga
	Reservoir routing.  Because the Ashokan Reservoir consists of two
	basins, Equation IV-6 was adjusted to account for the various
	occurrences as follows:
	in which
	e and w = subscripts denoting east basin and west basin respect-
	tively.
	Equation IV-14 was programmed as shown on Plate IV-6 and the input
	or data file included:
	a. Subbasin No.19 unit hydrograph – see Table III-11
	b. Subbasin No. 19 inflow storm hydrograph comupted using
	IV-40
	IV-41
	IV-42
	IV-43
	IV-44   -76-
	the procedure of Section E of Chapter III.  This flood
	hydrograph was divided between the east and west basin on
	the basis of their drainage areas.
	c. Reservoir storage curves of Figure IV-9.  A straight
	line extrapolation was used for elevations in excess of
	elevations 587.0 and 590.0 for the east and west basins
	respectively.
	d. A time interval of 2 hours.
	e. Reservoir state – discharge formulas.  No advantage
	was taken of the 600 million gallons per day capacity of
	the Catskill Aqueduct.
	The outflow from the east basin, Oe, (spillway discharge
	only) was determined using the following equation:
	Oe = CLH ‘3/2                                                                (IV-15)
	in which
	C =  Constant equal to 4 feet ½ /second determined from
	data supplied by new York City Department of Water
	Resources.
	L = Length of Spillway (900 feet).
	H = Water head above the spillway in feet.
	The west basin outflow, Ow' (over the dividing weir) was
	computed using the following equation:
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	in which
	C =  Constant equal to 4 feet ½ /second
	L =  Length of weir in feet
	Hw = Water head above the crest in the west basin in feet
	He = Water head above the crest in the east basin in feet.
	The Ashokan Reservoir outflow was then combined with subbasin
	No. 20 flood hydrograph (directly downstream of the dam ) to obtain
	the total Esopus Creek flood hydrographs.
	The program, data file and printout are shown in Plates IV-6
	through IV-8 respectively.
	Figure VI-11 depicts the reservoir inflow and outflow hydrographs.
	The computed inflow reached a peak of about 58,000 cfs some 44
	hours after the beginning of the storm.  The corresponding maximum
	reservoir outflow is about 26,000 cfs occurring 8 hours later.
	The variation in the water surface elevation in the east, as well as
	in the west basin, is shown in Figure IV-11a.  The maximum elevation
	in the east basin is less than 591.  This is more than two feet
	below the crest of the east dike core and more than 11 feet below
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	IV-47
	IV-48
	IV-49
	IV-50
	IV-51
	IV-53
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	the crest of the east dike.  The maximum elevation in the west
	basin is about 595 feet above mean sea level.  This value is about
	one foot below the crest of the concrete wall core and 15 feet
	below the crest of the dike.
	4. Ashokan Dam Failure Analysis
	a. Under Hudson River Probable Maximum Flood Conditions
	The results of the previous section showed that under
	the Hudson River PMF conditions, the water level in
	the east and west basin would reach a maximum elevation
	of 590.74 and 595.14 respectively.  These values are
	below the elevations of the crest of the concrete wall
	core and well below the dike crest elevations.  There-
	fore, seepage or overtopping of the dam would not occur.
	this conclusion is supported by the events of the March,
	1951 flood.  The elevation of the water in the east basin
	reached a record high of 592.23 feet at 4:45 A.M. on March
	31, 1951.22  This value is about 1.5 feet higher than the
	above presented value of 590.74.  The March, 1951 flood
	was the highest of records extending back to 1904.
	Moreover, structural analysis of the Ashokan Dam indicated
	that the dam is stable under these conditions.  Details
	of the structural analysis under a more critical condi-
	IV-55  -79-
	tion are presented in the subsequent section.
	Therefore, there is no reason to believe that the
	Ashokan Dam would fail, under the Hudson River PMF
	conditions from overtopping or seepage.
	b. Under Esopus Creek Probable Maximum Flood Conditions
	As indicated earlier, a more critical condition sug-
	guested by the AEC personnel was investigated.  It
	was considered because the lower center of the selected
	PMS (Figure II-8) covers asn area to the east of the dam
	site.  Another storm pattern would have resulted in a
	storm center over the Esopus Creek Basin.  It was then
	decided to evaluate a probable maximum storm over Esopus
	Creek Basin, study its effect on Ashokan Dam and determine
	the water surface elevation at Indian Point as a result
	of this flood and a standard project flood over the
	rest of the Hudson River Basin.
	The Esopus Creek PMF and its effect on the dam are
	presented in this section    The effect on the Indian
	Point site is considered in the next section of this
	chapter.
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	Much of the discussion on the determination of the
	probable maximum flood at Indian Point presented in
	Chapter III applies here, mutatis mutandis.
	The depth-duration values of PMP for a basin having
	a drainage area of 257 square miles were obtained
	from Figure III-6.  The results are shown in
	Figure   IV-12.  The total rainfall for such basin
	is about 25 inches in 72 hours.
	The 6-hours incremental values of PMP over this
	subbasin were then rearranged in accordance with
	the Hydrometeorological Report No. 40 criteria.
	The rainfall excesses were obtained by substracting
	the rainfall losses of Chapter III from the PMP values.
	the incremental PMP values and related runoff for
	subbasin No.19 are depicted in Figure IV-13.  The
	results are also summarized in Table IV-2.
	Subbasin No.19 unit hydrograph – see Table III-12 –
	was then applied to the rainfall excess to obtain the
	flood hydrograph.
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	this hydrograph was routed through the Ashokan Reservoir
	following the procedure described earlier.
	Computer outputs of the reservoir inflow and outflow
	hydrographs as well as the related water surface ele-
	vations in both basins are shown in Plate IV-9.
	The reservoir inflow hydrograph is shown in Figure
	IV-14.  The computed inflow reached a peak of about
	200,00 cfs some 44 hours after the beginning of
	the Esopus Creek probable maximum flood.  This peak
	is about four times the peak resulting from the Hudson
	River probable maximum flood and resulted in a water
	surface elevation higher than the crest of the masonry
	wall in the west dike and earth part of the main dam.
	The variation in water elevation caused by runoff
	generated by the Esopus Creek PMP in both basins is
	shown in Figure IV-15.
	It was assumed that failure of the dikes and earth
	part of the main dam would occur with the reservoir
	water level at a foot higher than the crest of the
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	masonry core wall.  In other words, failure of the
	west dike and earth part of the main dam would occur
	when the west basin water level reaches elevation
	597.0. The corresponding east basin failure ele-
	vation is 594.0.
	The results of Figure IV-15 indicate that the failure
	elevation would be reached in the west basin 40 hours
	after the beginning of the storm.  The corresponding
	maximum water elevation in the east basin is about 590.5
	or 2.5 feet below the crest elevation of the east basin
	dikes.
	Structural analysis of the main dam, presented in the
	next section of this chapter, showed that the masonry
	part would not fail under the Esopus Creek PMP condi-
	tions.
	It was concluded, therefore, that only the west dike
	and the earth part of the main dam would fail 40 hours
	after the beginning of the Esopus Creek PMP.
	The influence of this failure on the reservoir outflow
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	and elevation is depicted in Figures IV-14 and IV-15
	respectively.  The specific details and effect of dam
	failure on the Indian Point site are presented in the
	last part of this chapter.
	c. Structural analysis of the masonry Part of the
	Main Dam (Olive Bidge Dam)
	The purpose of this section is to show that the
	masonry part of the main dam shown in Figure IV-10
	would not fail under the Esopus Creek PMP conditions.
	the following two conditions were evaluated:
	Condition i – An upstream water level at
	elevation 610.0 and no water downstream of
	the dam.
	Condition ii – An upstream water level
	equivalent to the east basin failure
	elevation of 597.0 and a water depth of
	20 feet downstream of the dam.
	Condition i:
	The major forces acting on the dam are
	indicated in Figure IV-16 and defined
	below:
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	CONDITIONS AT INDIAN POINT
	V-1  -97-
	The tidal variation in the Hudson River Estuary discussed in
	In the evaluation of the maximum water surface elevation at Indian
	V-2  -98-
	A detailed description of the standard step method employed in
	However, a new numerical method of computing gradually varied
	A discussion of both methods follows.
	V-3   -99-
	V-4    -100-
	The total head or elevation of the energy line above
	The river channel was conservatively approximated by
	The foregoing equations were programmed for solution on
	RAPIDATA time-sharing facilities.  The program is listed
	The Lower Hudson River Channel was divided into 136
	Plate V-2.  The locations of these stations expressed
	An estimated average value 0.025 was used for Manning’s
	V-6     -102-
	Hudson River flow resistance coefficient.  These estimates
	Geological Survey at the Poughkeepsie gaging site.  Values
	Moreover, the selected n value falls within the range
	Manning  n values, for a channel having an average
	The procedure used to compute the backwater profiles
	V-11     -103-
	V-12    -104-
	This method was developed by Prasad in 1968.25  Prasad
	V-13     -105-
	Equation V-6 is the well-known differential equation
	These two equations can be solved numerically to
	The foregoing procedure was programmed for solution on
	RAPIDATA time-sharing facilities.  A listing of the
	V-15     -107-
	On the basis of these observations, a more realistic approach
	The table values clearly indicate the influence of land runoff
	V-19    -109-
	In the vicinity of Albany, on the other hand, the April values
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