coastal meteorological networks
to determine effects oi
nuclear plant cooling systems3
Abstract
Twenty-five meteorological stations are in operation inland
from two nuclear power plants located on the Lake Michigan shoreline in southwestern lower Michigan. Their purpose is to provide data to enable meteorological effects of
mechanical-draft cooling towers at the Palisades Nuclear
Plant and a once-through cooling system at the Donald C.
Cook Nuclear Plant to be evaluated. Temperature, relative
humidity, and precipitation are measured at all stations,
total solar radiation and wind velocity at four, and visibility
at three. T h e stations, equipment, and calibration methods
are described, and examples of types of meteorological analyses are presented.

1. I n t r o d u c t i o n
Networks of meteorological stations along a coast are
uncommon. Two such networks are currently in operation along the southeastern shore of Lake Michigan as
part of a comprehensive field study conducted by the
University of Michigan to determine the meteorological
effects of cooling systems at two nuclear power plants.
The purpose of this article is to call attention to these
networks and to the data sets being produced.
One of the two nuclear plants associated with the
coastal networks is the Palisades Nuclear Plant located
near South Haven, Mich., and operated by Consumers
Power Co., Jackson, Mich. Its meteorological network
consists of 13 stations. The other is the Donald C. Cook
Nuclear Plant located near Bridgman, Mich., and operated by Indiana 8c Michigan Power Co., Ft. Wayne, Ind.
Its meteorological network consists of 12 stations. The
Palisades Nuclear Plant uses 36 cells of forced-draft cooling towers and is capable of producing up to about
700 MW electrical power. The Cook Nuclear Plant uses
a once-through lake cooling system and is capable of
producing about 1000 MW, with a second unit of equivalent generating capacity scheduled for operation in the
near future.
The two complete networks have been operating
since early in 1973. Preoperational data were obtained
by the Palisades network until April 1975, when the
cooling towers began operation, and by the Cook net1 Department of Atmospheric and Oceanic Science, T h e
University of Michigan, Ann Arbor, Mich. 48109.
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work until January 1975, when the once-through system
began operation. Except for periods of reactor shutoff
due to maintenance or modification, the networks have
been providing operational data since then. About two
years of operational data will be compared with about
two years of preoperational data to study the effects on
local meteorology caused by operation of each cooling
system. Effects on temperature, humidity, precipitation,
fog, and icing are of main interest.
2. Description of m e t e o r o l o g i c a l

networks

Locations of the stations comprising both networks are
shown in Fig. 1. Of the 13 stations comprising the
Palisades network, 11 are regular stations (denoted by
solid circles) and 2 are principal stations (denoted by
stars). Station 3, one of the principal stations, is about
0.8 km from the cooling towers; station 7, the other
principal station, is 19 km inland and acts as a control
station because it is out of range of a direct influence
by the cooling towers. Of the 12 stations comprising the
Cook network, 10 are regular stations and 2 are principal stations. Station 3 is a principal station about 1
km from Lake Michigan. Station 10 is located 13 km
inland and serves as the principal inland station for
the Cook network.
Figure 1 also shows other meteorological stations in
addition to the numbered ones comprising the two networks. These are denoted by special symbols as indicated in the legend. The open circles represent stations
having long-term precipitation or temperature data or,
for some stations, both. The airport at Benton Harbor
has a Federal Aviation Administration station that has
hourly weather observations in daytime. Locations of
water temperature measurements in Lake Michigan are
shown by crosses, with the depth of measurement indicated. In addition to those shown, water temperatures
at six locations and at least two depths near the Cook
Nuclear Plant have been measured occasionally. A series
of thermistors extending from shore on both sides of
the thermal discharge is used.
3. I n s t r u m e n t a t i o n , m e a s u r e m e n t s , a n d o b s e r v a t i o n s
Table 1 contains information on the equipment in the
meteorological networks. Each station is equipped with
a hygrothermograph to measure temperature and relative humidity and a weighing type gage to measure precipitation. The principal stations have, in addition, a
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FIG. 1. Locations of meteorological stations in the Palisades and Cook networks.
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visiometer to measure visibility, wind equipment to
measure speed and direction at 3 m, and a pyranometer
to measure total solar radiation 011 a horizontal surface.
Dew point was measured with EG&G model 880 dew
point hygrometers at station 3 in both networks until
recently. The recordings were terminated because accurate data could not be maintained in spite of factory
repair and adjustment of the equipment and careful
field maintenance.
A detailed discussion of instrument characteristics
such as accuracies, time constants, or sensitivities is beyond the scope of this paper. The instrument types and
manufacturers are given in Table 1. Tests made as part
of this program indicate that the manufacturer's specifications represent reasonable values of each instrument's
performance characteristics.
Other special information being obtained includes
time-lapse photographs of the cooling tower plume and
observations of plume behavior and effects by plant
personnel. Cameras are located at station 3 and at the
plant site 011 the roof of the turbine building. Plume
observations are recorded three times each day by plant
personnel.

4. D a t a p r o c e s s i n g
Meteorological data are recorded in the field as analog
signals on strip charts and abstracted in the laboratory
with a GRAF/PEN Sonic Digitizer, Model GP-2 (Science Accessories Corp., Southport, Conn.). The digitized
data are placed on magnetic tape or disk files for further processing and analysis on the University of
Michigan Amdahl 470V/6 computer facility.
5. D a t a a n a l y s i s
Analysis of the large amount of preoperational data
presently 011 hand and of the operational data that are
becoming available will provide significant information
not only on meteorological effects of cooling systems
but also on the coastal meteorology near the southeast
shoreline of Lake Michigan. Papers on advection-radiation fog, lake breezes and their effects on annual wind
statistics as well as on cooling tower plumes, wind-solar
power relations, and inland variations of temperature
are either in preparation or have been submitted for
publication in the open literature.
An example of a conventional type of analysis is the
isohyetal pattern shown in Fig. 2 for the Cook network

TABLE 1. Network instrumentation.

Variable

Instrument and Manufacturer

Height
above
Ground,
m

Calibration
Date
Installed

Frequency,
months

Technique

Precipitation

Weighing gage
Belfort Instrument Co.

1

Oct. 1972

6

Static weights

Temperature and relative
humidity

Hygro thermograph
Model 5-594
Belfort Instrument Co.

1.5

Feb. 1973

6

Calibration chamber

Wind speed

Gill 3-cup Anemometer
Model 12101
R. M . Young Co

3

Feb. 1973

6

Wind tunnel

Wind direction

Wind Vane
Model 104
WeatherMeasure Corp.

3

Feb. 1973

6

Circular linearity

Visibility

Visiometer
Model 1580
Meteorology Research Inc.

1.5

Oct. 1972
(P-3)
Mar. 1973
(C-3)
May 1973
(P-7)

12-18

Solar radiation

Pyranometer
Model R411
WeatherMeasure Corp.

1

Oct. 1972
(P-3)
Dec. 1972
(C-3)
Mar. 1973
(P-7)
Dec. 1972
(C-10)

12

Dew point

Dew point hygrometer
Model 880
EG&G Cambridge Systems

1.5

Feb. 1974
(P-3)
Mar. 1974
(C-3)

6

Manufacturer

Comparison with standard

Psychrometric.

The letters P and C denote stations in the Palisades and Cook networks, respectively.
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FIG. 2. Isohyets for average annual precipitation (top) and for 1973 precipitation (bottom),
in inches. Standard deviations of the mean are given alongside the totals for each station, and
years of record are given in parentheses. The letter M denotes missing data.
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FIG. 3. Variation of coastal to inland temperature difference (ordinate) with water to inland
temperature difference (abscissa) for spring, summer, and autumn of 1973. The temperature
difference between stations 3 and 10 is shown by a dashed line and that between stations 4
and 9 by a solid line.
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and surrounding area. The upper half of the figure is
an analysis of precipitation data from stations with long
record lengths and is therefore labeled as a climatology.
Record lengths are enclosed in parentheses. Standard
deviations of the means are also given alongside each
precipitation total. The lower half is an analysis of precipitation totals for all stations for 1973. The letter M
denotes missing data.
Inherent in most analyses is the important question
of a representative lake water temperature in relationships requiring it as an independent variable. For lack
of a more representative water temperature, that reported once per day for the St. Joseph, Mich., municipal water intake has been used. The intake is 3.96 m
deep and located 14 km north of the Cook Nuclear
Plant. A recent evaluation of its representativeness has
shown that it is usually within about 2°C of the surface
water temperature analysis based on satellite data using
NOAA-4 V H R R (very high resolution radiometer).
An example of the effects of lake temperature on the
variation of temperature inland is shown in Fig. 3. For
spring, summer, and autumn of 1973 for stations in the
Cook network, the average temperature difference between two near-shore stations (3 and 4) and two inland
stations (9 and 10) is shown in relation to the temperature difference between the inland stations and the
lake. The temperature difference between stations 3 and
10 is shown by a dashed line and that between stations
4 and 9 by a solid line. It is evident from the figure
that the temperature change from the shore inland is
strongly dependent upon the difference in temperature
between the water and the near-shore stations.

(Continued from announcements, page 1440)

Nordberg memorial symposium—Call for

papers

A COSPAR/IAMAP symposium, ' T h e Contribution of Space
Observations to Global Food Information Systems," will be
held in commemoration of William Nordberg, 8-10 June
1977, in Tel-Aviv, Israel. Organized in collaboration with
the United Nation's Food and Agricultural Organization,
and World Meteorological Organization, the format of the
symposium is designed to bring together specialists who are
familiar with the application of remote-sensing technology
to food information systems and the users or potential users
of those systems. A call for papers on the following session
topics has been issued: Food information systems—Crop observations; Food information systems—Growing conditions;
T h e influence of climatic change on crop production; Range
monitoring and management; and Marine food resources.
Persons wishing to submit papers for the symposium
should prepare a 200-word abstract not later than 15 February 1977, to be submitted to the Committee on Scientific

The use of a two-dimensional graph such as the above
to describe a multivariate system is probably inadequate, since inland temperature differences also depend
on variables such as wind velocity, cloudiness, thermal
stability, and terrain features. A graph of this type,
however, does give an indication of possible relationships, especially for variables that are highly correlated.
6. D a t a a v a i l a b i l i t y
Tabulations, summaries, data reduction procedures, and
analyses of data from the networks have been published
in three annual reports for each utility for the years
1973-75 and in special data reports for 1973 and 1974.
Additional data reports are in preparation.
Most tabulations and summaries in the data reports
are similar in format to those published by the National
Weather Service. In addition, hourly values of meteorological variables for all stations are stored on magnetic
tape and can be made available at cost. Inquiries should
be directed to either of the first two authors.
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Research (COSPAR) Secretariat, and to the author's national
institution adhering to COSPAR. Proceedings of the symposium will be published. Further information regarding
preparation of manuscripts and local arrangements is contained in a COSPAR circular published in late November;
copies may be obtained from: COSPAR Secretariat, 51 bd
de Montmorency 75016, Paris, France.

1977 A G U spring a n n u a l m e e t i n g — C a l l for papers
The American Geophysical Union (AGU) has issued a call
for papers for its annual spring meeting, to be held this
year in Washington, D.C., 30 May-3 June 1977. Of particular interest to AMS members is the session, " T h e Weather
Dependence of Energy Demand and Energy Consumption."
Abstracts of papers dealing with data and modeling aspects
of this topic should be submitted by 4 March 1977 to:
Dr. Elmar R. Reiter, Colorado State University, Solar Village, Solar House 3, Ft. Collins, Colo. 80523.

(More announcements on page 1440)
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