April 14, 1978

Docket Ho. 50-410

MEMORANDUM FOR: D. Skovholt, Assistant Director for Qua11ty Assurance
and Operations .

FROM: D. B. Vassallo, Assistant Director for LURs, DPM

SUBJECT: REVIEW OF FIMAHCIAL INFORMATION FOR HINE MILE POINT
HUCLEAR STATION - UNIT 2

Niagara Mohawk Power Corporation has filed an amendment to the construction

permit application to add additional owners for the plant. One of the

matters that must be reviewad and accepted prior to amending the appil-
cation is the financial viability of the co-ocwners. ,

He request that you veview the financial informatjon: submitted in support
of the amendment and provide the appropriate requests for additional
infgrmation. A safety evaluation should be provided as the product of that
reviev.

Our target date for your input to a safety evaluation is July 14, 1978.

+* Griginal signed by
. B. Vassallo

D. B. Vassallo, Assistant Director
for Light Water Reactors
‘Division of Project Management
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H. Kane

B. Bordenick
A. Meltz
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RESPONSES TO NRC REQUESTS
DATED APRIL 22, 1977, FOR ADDITIONAL
INFORMATION REGARDING THE PROPOSED COOLING

SYSTEM DESIGN CHANGE

DOCKET NO. 50-410

NINE MILE POINT NUCLEAR STATION - UNIT 2
NIAGARA MOHAWK POWER CORPORATION

SEPTEMBER 30, 1977

Doc”m‘t# S%-'SL{O "‘*."vl
go?trol #gé - B
ate 2-9677) _of Dogiimare:
RESULATORY DOGRET FLE -
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Request 1

Provide the following performance characteristics (for design and off-design),
as applicable for this system:

1. Air and water mass flow rates at tower emission point
2. Efflux speed

3. Temperature of water entering and leaving the tower
4., Temperature of air leaving the tower

‘5. Amount of heat released.

Regponse

The design point for the Unit 2 cooling tower is 74 F wet bulb temperature
and 50 percent relative humidity.

The tower will have the following performance characteristics:

1. At the design point, the mass flow rate of dry air will be

166,779,400 1b/hr at the tower emission point. For the
design heat load, wet bulb temperature, and relative humidity,
the total mass flow rate of water at the tower emission point

~ will be 8,926,000 1b/hr of which 6,484,000 1b/hr will be
evaporation and drift and 2,442,000 1b/hr will be the initial
molsture contained in the air. 'The exit air volumes and |
evaporation rates for the off-design performance character-
igtics are shown in Figures Rl-1 and R1-2. '

2. The efflux speed will be 11.4 £ps at the desigﬁ point. The
approximate off-design velocities can be derived from the air 2
volumes given in Figure Rl~-1' divided by the exit area, 59,900 ft=.

3. At the design point, the temperature of the water entering the
tower will be 117 F, and the water temperature leaving the
tower will be 90 F. The minimum water temperature leaving the
tower basin will be controlled at 55 F, at which time the
water temperature entering the tower will be 82 F.

4, . At the design point, the temperature'of the air leaving the
cooling tower will be 106,7 F. Figure R1-3 gives the exit air
) temperatures for the off-design conditions.

5. At full load and tower design point, ghe amount of heat released
to the atmosphere will be 130.69 x 10 BTU/min. At full load
and a minimum controlled cooling tower basin temperature of
55 F, the heat released will be reduced by approximately
1.7 percent. The cooling tower basin temperature will be
controlled at a minimum of approximately 55 F regardless of
meteorological conditions.
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Request 2

Provide the following drift characteristics for this system:

1. Expected size distribution of drift droplets,

2. Concentration of dissolved and suspended solids in the tower basin.

Response

1. The drift droplet size spectrum used in the model is a composite of
two distributions: one for a natural draft tower(l) and the other
for a mechanical draft tower(2), The gpectrum is divided into six
equal size classes with each class representing a fixed percentage
‘of the total drift mass. The range of diameters spanned by the
distribution is variable, depending on the rate of air flow through -
the tower. Thus, the distribution is applicable for both natural
and mechanical draft cooling towers. The expected droplet size
spectrum at the design point for this system is given in Table R2-1.

2, The cooling tower is expected to be run at a yearly average of 1.78
cycles of concentration which will cause a total dissolved solids
(TDS) concentration of 388 mg/l in the tower basin. The predicted
drift amounts presented in Response 4 are based on seasonal average
cycles of concentration and total dissolved solids concentrations
as follows:

Wintexr, 1.75 cycles and 381 mg/l TDS
Spring, 1.79 cycles and 390 mg/l TDS
Summer, 1.87 cycles and 407 mg/1l TDS
Fall, 1.70 cycles and 370 mg/l TDS

oKy

The expected concentration of suspended solids in the tower basin

based on the mean makeup water suspended solids concentration and

the above cycles of concentration are: winter, 14.7 mg/l; spring, 15.0 mg/1l;
summer, 15.7 mg/l; and fall, 14.3 mg/l.

References

1. Jersey Central Power and Light Company, Salt Water Cooling Tower
Report, Forked River Nuclear Generating Station Unit 1, Environ-
mental Report, Docket No. 50-363, Appendix B, Attachment 5, January, 1972.

2, Environmental Protection Agency, Office of Research and Monitoring,
Corvallis, Oregon, ''Development and Demonstration of Low-Level
Drift Instrumentation," October, 1971.

2-1
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Droplet
-Interval (um)

TABLE R2-1

DROPLET SIZE SPECTRUM

2-25
25-50
50-75
75-100

100-125
125-150

B EE NN SN W

M B N ey EE o

Median
Diameter (um)

12.5
37.5
62.5
87.5
112.5
137.5

Mass

o

30
39
17
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Request 3

Substantiate that the Tsai and Johnson drift model, your reference 6, is
applicable for use at this Site and with the proposed cooling system.
Include in your discussion whether the values of your input data (tower
characteristics and meteorological variables) are within the range of
the data used to formulate this model.

Response

The Tsai and Johnson drift model1 is not restricted to use for a specific
type of cooling tower or range of meteorological conditions but is
applicable to any natural draft or mechanical draft cooling tower. The
model, reference 6, which was discussed in the '"Report on the Circulating
Water System Employing a Natural Draft Cooling Tower," is included in
this response.

The dimensions and performance characteristics of each individual tower

are used as input to the model. Performance data, such as exit air

velocity and temperature, are provided to the model as a function of the

ambient meteorological conditions., The drift droplet size spectrum used

in the model is also a function of ambient conditions as well as the

tower characteristics. Therefore, the model is applicable to any type of

cooling tower, including the Unit 2 cooling tower for this Site. |

The physical processes involved in drift droplet transport and deposition,
such as plume rise and evaporation, are treated in such a way that they

are well represented for any expected range of values of meteorological
parameters. Thus, the values of the input data to the model are not

confined to a narrow range because of the model formulations. The model

can be applied to any type of cooling tower under any range of meteorological
conditions.

Reference

1. Tsai, Y. J. and Johnson, D. M., "Cooling Tower Drift Model," presented
at the Fifth Annual Pittsburgh Conference on Modeling and Simulation,
April, 1974.
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COOLING TOWER DRIFT MODEL
Y. J. Tsal and D. H. Johnson
Environmental Engineering Division
Stone & Webster Engineering Corporation
Boston, Massachusetts

ABSTRACT

A computer model has been developed to predict the distribution of drift
from brackish or salt water cooling towers for power plant condensate
cooling. Drift from mechanical or natural draft towers can be evaluated,
taking into account tower characteristics, drift rate, droplet size
distribution, total dissolved solids in cooling water, rise of droplets
in the plume, evaporation and trajectory of falling droplets, and ambient
weather data. ' .

INTRODUCTION

Limited water availability and avoidance of thermal pollution are leading

to an increased reliance on cooling towers for power plant condensate
cooling. Evaluation of the environmental impact of cooling tower discharges
into the atmosphere requires prediction of the quantity and extent of
discharged material distribution.

MODEL DEVELOPMENT

The drift droplets are entrained by the air draft through the tower
fi1l, and the size distribution is determined by the air velocity inside
the tower and drift eliminator efficiency. The model uses droplet size
distribution?1§?E)mechanical or natural draft towers based upon field
measurements The drift is carried.out of the tower and rises
within the buoyant plume to a height determined by the plume characteris-
tics and the droplet fall velocity. Droplets fall from the tower plume
with a terminal velocity.' Stoke's Law is used for water droplets under
80 microns in diameter falling through air. Larger droplets(g?ll with a
velocity determined empirically to be a function of diameter .
evaporation of the falling droplets is calculated as a(gynction of
droplet radius, ailr temperature, and relative humidity . Evaporation
continues until ground level is reached or the droplet vapor pressure is
in equilibrium state with ambient air. The equilibrium diameter for
saline droplets is calculated as a function of salt concentration and
ambient relative humidity.

MODEL OPERATION

The imput data to the drift model consists of the cooling tower character-
istics and field weather measurements. The model calculates the drift
transport for each set of meteorological data at three hour intervals.

The drift mass 1s divided into droplet size classes. TFor each size

class, the initial rise in the plume is computed. Droplet fall, evaporation,
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and downwind transport are calculated at ten-second intervals until
ground level is reached. . The process is iterated each three hours. for

10 years of weather data and the drift accumulated by direction and
distance from the tower.

RESULTS AND AP?LICATIONS .

The drift model has four groups of output: annual deposition of dissolved
solids, annual deposition of water, maximum near-ground air concentration,
and annual near-ground air concentration. These data are then used to
evaluate cooling tower impact upon the environment. They are used to
determine effects upon plant foliage and growth and ground water quality.
The S&Yasooling tower drift model results compare well ‘with other existipg
models such as the Bosanquet method, Gaussian dispersion method, :
Hosler, et al. method, and the diffusion model developed by Westinghouse.
The S&W model has the added flexibility of using historical meteorological
data and produces a comprehensive set of predictions for evaluation of
cooling tower drift environmental impact. ' k

REFERENCES .
(1) EPA, Office of Research and Monitoring, Corvallis, Oregon, "Develop-
ment and Demonstration of Low-Level Drift Instrumentationm," October, 1971.

(2) Jersey Central Power and Light Company, 'Cooling Tower Report,"
" Forked River Nuclear Statiorn Unit 1, Environmental Report, Appendix B,
Attachment 5, January, 1972.

(3) List, Robert J., "Smithsonian Meteorological Tables," Smithsonian
Institution, No. 4014, Washington, D. C., 1966.

(4) AEC, Division of Reactor Development and Technology, "The State of
the Art of Salwater Cooling Towers for Steam Electric Generating
Plants,' February, 1973.



HE B PR N M D GE BN W O Ok ¥ A Ak TR AE W ea 9=




Request 4

In addition to Figures 5 and 6, Water and Salt Drift for an Annual
Period, provide figures showing water and salt drift amounts for each
month or season of the year.

Response

The Tsai and Johnson drift model that was used to produce Figures 5 and 6
has since been revised to incorporate a more realistic plume rise approach
and to differentiate between those drift droplets which settle to the
ground and those that remain suspended in the atmosphere due to turbulent
mixing. This latest version of the drift model was run with revised
cooling tower characteristics and three years of onsite meteorological
data (January 1, 1974, to December 31, 1976).

The meteorological input data used in the model consisted of wind speed,
wind direction, dry-bulb temperature, wet-bulb temperature, and relative
humidity at the 200 foot level, The difference between the dry-bulb
temperature at 200 feet and at 27 feet (AT) was also used. Normally,

the low-level relative humidity would be used to determine tower performance;
but due to the large amount of time data was not collected for this
parameter, the upper level relative humidity was chosen. A comparison

of the relative humidities at these two levels showed an average difference
of only 4.6 percent, which has little effect on the salt drift model
output. The results of a sensitivity test of the drift model to relative
humidity, using one month (December, 1974) of meteorological data, .

showed an 11 percent decrease in the maximum salt deposition rate and an
8.7 percent decrease in the maximum water deposition rate by using the

200 foot relative humidity in place of the 30 foot relative humidity.

There was also a substitution of the 100 foot wind direction when the
200 foot wind direction was missing to ensure that a high percentage of
the data was used. This practice does not significantly affect the salt
drift results because of the very small changes in wind direction with
height between these levels.

Average . annual salt deposition rates in lbs/acre/year are shown in ‘
Figure 4-1., The maximum salt deposition rate was predicted to be 0.27
lbs/acre/year, 6750 feet northwest of the tower. Figure 4-2 presents
annual water deposition rates in lbs/acre/year with maximum value of

690.6 lbs/acre/year occurring 6750 feet northwest of the tower. This
amount of water corresponds to 0.0030 inches of water per year.

Average monthly salt deposition rates in lbs/acre/month are shown in
Figures 4-3 through 4-14, Monthly and seasonal water deposition rates

are not shown because the maximum annual amount of 0.0030 inches is
insignificant compared to annual precipitation at the Site.
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Request 5

Substantiate that the Kaylor, Petrillo, and Tsai plume model, your
reference 7, is applicable for use at this Site and with this proposed
cooling system. Include in your discussion whether the values of your
input data (tower characteristics and meteorological variables) are
within the range of data used to formulate the model.

Response

The Kaylor, Petrillo, and Tsal plume model is applicable to any natural
draft or mechanical draft tower including the Unit 2 cooling tower for.
this Site. The general applicability of the model results from using
tower-specific information as input data to the model. Performance

data, such as exit air velocity and temperature, are provided to the
model as a function of the ambient meteorological conditions. Also, the
basic equations used to formulate the model are applicable for any
expected range of values of the meteorological parameters. Therefore,

the values of the input data to the model are not restricted to a specific
range of data used to formulate the model.

A validation of the Kaylor, Petrillq, and Tsai plume model was recently
made by Argonne National Laboratory . Field data at the Paradise and

Chalk Point cooling towers were used for the model and data comparison

of plume behavior. As a result of this validation, it was pointed out

that plume length and plume height predicted by this model appear reasonable
and acceptable in terms of model performance.

Reference

1. Policastro, A. J., Carhart, R..A., and DeVantier, B., "Validation
of Selected Mathematical Models for Plume Dispersion from
Natural-Draft Cooling Towers,'" Argonne National Laboratory, presented
at Waste Heat Management and Utilization Conference, Miami Beach,
May 9-11, 1977. ‘







) ' -

—

Request 6 <

Substantiate that the use of &our referenced Rochester data are applicable
for drift and plume predictions at the Nine Mile Point Site.. Include in
your discussion a comparison of Rochester data (dry and wet-bulb temperatures,

wind speed, and direction) with data collected onsite during a concurrent
period.

Response

The Rochester data was originally used for preliminary drift and plume
predictions because sufficient onsite data was not available, Three

years of onsite data are now available, and the drift and plume predictions
have been revised using the onsite data. These results are presented in
response to Requests 4 and 7.
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Request 7 : "

In addition to Figures 8 through 12, Predicted AnnualfPlume Lengths,
provide figures showing monthly or seasonal elevated plume lengths.

Response

The visible plume model used to produce Figures 8 to 12 was run with
revised cooling tower characteristics described in Request 1 and three
years of onsite meteorological data from January 1, ‘1974, to December 31, 1976.

!

The meteorological input data used in the model consisted of wind speed,
wind direction, dry-bulb temperature, wet-bulb temperature, and relative
humidity at the 200 foot level. 1In order to ensure that greater than 90
percent of the 3 year data base would be used, the 100 foot wind direction
was substituted for the 200 foot wind direction when it was missing.

This procedure does not significantly alter the visible plume results
since the change in wind directdion with height is very small between

these levels; ¢ . ;

Figures 7-1 through 7-25 provide the percent of time 'that a visible

plume is predicted to occur within 5000 feet of ‘the natural draft cooling
tower for each wind direction quadrant and for all wind directions
combined for each season of the year and for the entire year. These
contours do not represent individual ‘plume outlines, but the combination
of many individual plumes, in order to show the maximum vertical and
horizontal extent of the visible plume for each given frequency of
occurrence.
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