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2.6 Meteorologqy

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 Meteoroloqy

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 (1,2,3,4)* 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-la) 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-ic), 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 partic•ularly 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 q'uarterly 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 (00/1 00 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 Meteorologqical 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 RI-Il. 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 mneteorological 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-1 to 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 in/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 in/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 in/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-I5, 2.6.L-1 to 2.6.L-67 and 2.6.M1
to 2.6.M-1 1.

2.6.3 Application of the Site MeteoroloQy 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 fiow at low heights under inversion conditions is down the axis of the
valley. This direction, roughly 010-030o, 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 005-020o 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 in/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 mn/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 20o 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 005-020o winds could be expected to occur. The analysis assumes 276 hours of 005-
020o 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 20o sector, for 35% of the time

This is equivalent to assuming that in the model 20o sector, the inversion frequency is 14.8
percent for the 30-day period. The observed annual maximum inversion frequency for a 20o
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 20o 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 Meteorolocqy 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,
Pasquiil 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 = I n (hue/hie)/1 in (hum/ him)

where:

hue = height of upper extrapolated temperature (ft)

hie = height of lower extrapolated temperature (ft)

hurn = height of upper measured temperature (ft)
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hirm = 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 Meteoroloqical Measurements Progqram

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 0.4 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 (8) 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 reieases, 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(9)), 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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Tabie 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
Direction

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
N NW
CALM
MISSING
TOTAL %

NO. OF HOURS

Stablility Class
A B C D E F G

1.28
1.76
0.63
0.06
0.01
0.01
0.03
0.09
2.04
2.58
1.16
0.49
0.56
0.47
0.70
0.80
0.00
0.12

12.80
2244

0.36
0.40
0.35
0.07
0.03
0.01
0.01
0.03
0.25
0.51
0.33
0.17
0.22
0.15
0.31
0.40
0.00
0.05
3.66

641

0.48
0.46
0.58
0.17
0.03
0.01
0.02
0.04
0.29
0.38
0.35
0.16
0.17
0.26
0.32
0.49
0.00
0.03
4.23

742

3.39
3.15
4.22
1.59
0.64
0.27
0.23
0.45
1.74
2.14
1.89
0.96
1.40
1.64
2.36
3.26
0.00
0.21

29.56
5183

2.67
3.33
4.66
2.61
1.49
0.73
0.67
1.04
3.39
5.04
3.03
1.44
1.64
1.49
1.85
1.60
0.00
0.51

37.17
6519

0.50
0.80
2.12
1.84
0.59
0.21
0.26
0.31
0.76
0.72
0.51
0.39
0.43
0.21
0.10
0.17
0.00
0.15

10.08
1768

0.09
0.17
0.40
0.43
0.11
0.04
0.02
0.05
0.11
0.05
0.03
0.02
0.06
0.03
0.01
0.04
0.00
0.02
1.69
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