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Abstract
Pacific Gas and Electric Company (PGandE) has sponsored development of a computer-based system for real-time analysis of local wind
measurements in a complex-terrain setting. Mass-consistent modeling
of tower- and Doppler-sounder data produces spatial wind-vector patterns on a color-graphic display. The system is currently deployed at
the Diablo Canyon Nuclear Power Plant to assist meteorologists in
supporting response to radiological emergencies.

1. Background
In the unlikely event of a release of radioactive effluent from
the Diablo Canyon Nuclear Power Plant (DCPP), safety of the
surrounding population will depend on a rapid and effective
response. Toward that end, an Emergency Operations Facility
(EOF) has been established near San Luis Obispo, California,
eleven-miles inland from the coastal plant site (Fig. 1). Public
protective action, when needed, will be directed from this site.
Regulations of the Nuclear Regulatory Commission and the
Federal Emergency Management Agency (FEMA/NRC, 1980)
require that appropriate meteorological measurements and
dispersion-modeling capability be available at the EOF for
real-time assessment of effluent transport and dilution within
a 10-mile radius of the plant site.
In response to these requirements, primary and back-up meteorological towers have been established at the DCPP site with
automated real-time input to a segmented Gaussian plumedispersion model. The model simulates the continuous release
of an effluent plume as a series of plume segments, each representing a release duration of 15 minutes. Meteorological input
is updated every 15 minutes so that each plume segment responds to conditions during its period of release as well as to
variations over time. Spatial variability in meteorological conditions is, however, unaccounted for in the modeling with site
measurements assumed representative of the entire plumetransport domain.
The limitations of such a modeling approach can be severe
in a complex-terrain setting where great spatial variability in
meteorological conditions might be expected. A lengthy record
of wind observations at the primary-tower site, coupled with
fluorescent-tracer experiments conducted at the site,1 support
a statistical expectation of plant-effluent transport paralleling

1
Meteorological data and tracer experiment results relating to the
Diablo Canyon Power Plant are available in the Final Safety Analysis
Report for the plant (PGandE, 1978).
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FIG. 1. Map of Diablo Canyon and vicinity indicating the location
of meteorological measurement sites.

the coast within five miles or so of the plant site. The data
suggest that the direction of transport from the plant site is well
represented by the measurements at the primary (or back-up)
tower. The tracer data suggest also that the effect of the many
side canyons indenting the coastal facade serve to enhance
lateral dispersion but do not alter the coast-following plume
trajectories to any appreciable extent. Beyond five miles, however, the course of effluent-plume transport becomes less certain as does the representativeness of plant site measurements.
Of special concern are the avenues of access to the inland valley
near Avila Beach, southeast, and Morro Bay, northwest of the
plant.
In view of the available data and the state of the art at the
time the real-time modeling system was developed, it was felt
that the spatially homogeneous segmented-plume approach
would be adequate in handling the initial stages (15 minutes to
1 hour) of an effluent release. During this stage, the plume
might be expected to remain within the domain represented by
plant-site meteorological measurements, especially in the lightwind situations conducive to greater concentration of contaminants. To address the modeling limitations at greater distances,
however, a two-step approach was adopted. First of all, a
professional meteorologist from the general office staff was
assigned to the emergency team to be dispatched to the EOF
in emergency situations. This person, through professional
judgment and access by phone to corporate and National
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Weather Service (NWS) meteorological information would
be on hand to interpret the modeling results and advise the
emergency team on the limitations of modeling assumptions.
Secondly, it was decided to expand the meteorological
measurement program to provide the meteorologist with needed
real-time definition of local wind patterns.
The purpose of this article is to describe the expanded meteorological measurement program and the manner in which
the information is processed to provide a real-time product of
utility to the meteorologist at the EOF. The processes of wind
measurement, analysis, and display have been combined in a
system developed by SRI International under contract to
PGandE. The system embodies several innovative features including the use of Doppler acoustic sounders for remote sensing
of upper-level wind; mass-consistent interpolation of wind
measurements on terrain-following flow surfaces; treatment of
lateral-terrain steering effects under conditions of stable stratification; and, a color-graphic display of resulting wind-vector
patterns over a three-dimensionalized base map of local terrain
features. The system is currently installed at the EOF where it
is hoped that the real-time wind-pattern displays will increase
confidence in the estimated transport paths of effluent plumes.
The system is currently undergoing field evaluation to assess
the reliability of the patterns and the adequacy of the measurement network.

2. Wind measurement network
A wind measurement network has been designed within practical constraints to provide information for deducing the effect
of local-terrain features on patterns of wind flow and turbulence. Budgetary considerations have limited the network at
present to three Doppler acoustic sounders and four surface
measurement installations in addition to the existing primary
and back-up towers. Figure 1 shows an initial measurement
configuration designed to monitor air flow along the coast (primary and back-up tower sites), through the inland valleys (Los
Osos, Foothill and Service Center sites), through the major gap
at the Visitor Center site and over the top of the local terrain
ridge at Davis Peak. Local flows in narrow canyons throughout
the terrain, while of interest, are not currently monitored and
not thought to significantly affect plume transport paths as
discussed in section 1. The appropriateness of this network will
be subject to evaluation in terms of the wind patterns developed
as discussed in section 3 and the results of field-gas-tracer
experiments conducted since the network was installed. Adjustments in the number and distribution of measurement sites
will then be considered and can easily be accommodated by
the system.
At the heart of the measurement network are three Doppleracoustic sounders (Fig. 2). These instruments provide remote
sensing of wind speed, wind direction, standard deviation of
wind-direction variability (sigma theta), vertical velocity, and
standard deviation of vertical velocity (sigma w), as well as
information on echo characteristics useful in deducing the presence of inversion layers. At each Doppler location, the above
parameters are provided as 15-minute-averaged values for each
of twenty 30-m thick vertical layers above the instrument site.
Layer midpoints extend from 40 m to 610 m above ground
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FIG. 2. Doppler acoustic sounder at the power-plant visitor center.

level. Given the locations of the three Dopplers in lowland
areas on the order of 50 m or less above sea level, the Dopplers
provide information from near sea level to heights just exceeding the maximum elevation (~600 m) of the local terrain.
Together these instruments provide a continuous three-dimensional characterization of airflow in the layer of air affected by
local terrain and affecting the dispersion of effluent plumes.
Performance of the Dopplers at Diablo Canyon has proven quite
satisfactory both in availability of data and accuracy of measurement. This is especially true for wind speed and direction
in the lowest few hundred meters. Figure 3 provides an example
of performance for the plant-site Doppler in comparison with
measurements from the back-up tower. The two instruments
are virtually colocated with a horizontal separation of about
30 m. Since the tower is at a slightly lower elevation on sloping
terrain, the vertical separation of measurements is on the order
of 10 m. A thorough evaluation of the Doppler technique has
been made against instrumentation on the National Oceanic and
Atmospheric Administration (NOAA) meteorological tower at

FIG. 3. A comparison of Doppler and tower wind measurements at
the DCPP site, September 15, 1986.
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Boulder, Colorado as documented by NOAA, 1984. The
NOAA comparisons of the REMTECH Doppler with towermounted sonic anemometers produced correlation coefficients
on the order of 0.93 and higher for both wind speed and direction. Bias was negligible for wind speed and a few degrees
for wind direction. Doppler data are telemetered to the EOF
on a continuous basis via dedicated land line and are available
also at the San Francisco General Office of PGandE via dial-up
modem. All Doppler data is archived on magnetic tape as a
permanent record.
In addition to the Doppler data, measurements of wind speed,
wind direction, and sigma theta are available as 15-minute
averages from meteorological towers strategically placed
throughout the local area (Fig. 1). All of these provide data at
or near the 10-m level using research-grade instrumentation2
with low starting threshold, quick response, and high sampling
frequency. The primary and back-up towers provide the same
data also at the 76-m and 60-m levels, respectively. All of these
tower-mounted systems are designed to meet or exceed the
American Nuclear Society standard for meteorological measurements at nuclear-plant sites (American Nuclear Society,
1984). Tower data are telemetered to the EOF and to PGandE's
general office on a continuous basis via dedicated land line or
dial-up modem and are archived on magnetic tape as a permanent record.

3. Wind data management and display
Given the availability of the supplemental wind data at the
EOF, there arises the question of how to best manage and
interpret the data in emergency situations. Considering the vast
amount of data from multiple sites and levels, there is an obvious problem of meaningful assimilation of the information
by a single meteorologist on a real-time basis. A fifteen-minute
updating of meteorological information is typical for nuclearemergency response. Ideally, the meteorologist at the EOF
should be able to see at a glance the implications of the heterogeneous wind-data record for plume transport and diffusion.
Such a capability would logically involve the subjective or
objective definition of spatial wind patterns through which the
effluent plumes might be projected to flow. Such pattern definition would in turn require a method for interpolating the
relatively sparse though strategically placed wind measurements to other, "nonmeasured" locations.
As a practical solution to this problem, PGandE's Meteorology Services Group devised an objective approach that would
involve no data handling or analysis at all by the EOF meteorologist. The approach involves automated input of measured
wind data to a microcomputer code. The code, in turn, performs
an objective analysis of the data, producing spatial vector patterns output to a color graphic Cathode-Ray Terminal (CRT)
display. In order to treat the effect of complex terrain on the
spatial distribution of flow, patterns are produced by a twostep, diagnostic, mass-consistent interpolation process. Available wind measurements are first interpolated by a standard

2
Instrument specifications are available from the author upon request.
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weighting scheme to a grid of points covering the regional area
of interest. This "initial" wind field is then adjusted by an
iterative numerical scheme to approach a condition of nondivergence that satisfies the continuity equation for local conservation of mass. In this scheme, the terrain is assumed to exert
its effect by inducing vertical motion in flow that follows the
vertical contour of the terrain. The mass-consistent adjustment
assures that the horizontal spatial patterns are consistent with
the terrain-induced vertical motions in preserving mass continuity.
The approach has been implemented at the EOF by SRI
International under contract to PGandE. The SRI system uses
a Digital Equipment Corporation Micro PDP-11 computer with
color graphic display peripheral as a compact work station (Fig.
4). Real-time wind data are input automatically from the three
Doppler sounders and from the Foothill, Service Center and
Davis Peak sites (Fig. 1). The input data may be reviewed and
edited interactively, if so desired, and augmented with data
from additional sites if and when available. Provision is made
for on-line storage of up to 30 consecutive days of wind data.
For the purpose of pattern analysis, the data are input to an
updated version of the SRI COMPLEX model (Endlich, et al.,
1982) that interpolates and adjusts the data to mass consistency
and outputs the "color-graphic" wind patterns. Initial wind
fields are obtained by a 1 / r2 weighted interpolation of measured
data to produce a three-dimensional array of wind vectors
(24 X 24 horizontally and 5 vertically). Horizontal resolution
depends on the geographic domain chosen. Vertical resolution
depends upon a user selected vertical depth for the modeling
domain. Terrain is treated as a horizontal 72 x 72 array of
average terrain elevations with 1-km resolution. Modeling is

FIG. 4. Computer equipment for processing and display of wind
information.
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FIG. 5. Typical display of wind-field vectors superimposed on local area terrain.

done on a transformed, terrain following coordinate system and
the resulting wind vector patterns are output in the form of
gridded arrow plots with wind speed proportional to arrow
length (Figs. 4 and 5). As a user option, the arrow vector plots
may be output on one of three gridded domains with different
area coverage centered on the plant and its local terrain: a coarse
grid (72 km x 72 km; 3-km resolution), a medium grid (48
km x 48 km; 2-km resolution), and a fine grid (24 km x 24
km; 1-km resolution). The user may also select output on any
one of five terrain-following surfaces at different elevations
above ground level. Other options include the consideration
of geostrophic and thermal-wind components using measured
pressures and temperatures and the consideration of the effect
of vertical thermal stratification on the vertical-motion field
(Ludwig et al., 1985).
Figure 5 provides a sample of the system's graphic output
for the afternoon hours of two consecutive days in December
1986. The output shown is based on a limited data set involving
only the three Doppler sounders and illustrates modeled wind
patterns on the coarse grid for a terrain-following surface 20 m
above ground level. Vectors are displayed at 6-km intervals for
an uncluttered indication of the spatial pattern. The patterns in
the figure were chosen to illustrate a typical and important
feature of the local wind variability. Though both patterns exhibit the prevailing northwesterly flow typical of the powerplant site, flow through the downwind terrain can differ significantly in ways that can vary from day to day and even from
hour to hour.
At this point the patterns output from the system must be
treated as preliminary, pending further studies of pattern reliability. Local gas-tracer experiments conducted subsequent to

the installation of the measurement network should be helpful
in this regard as will sensitivity studies to determine an optimum
size and configuration for the measurement network supplying
the input data. In the meantime, the EOF meteorologist will
have a useful tool to help in assessing local wind variability.
Should the system output prove reliable in subsequent evaluations, consideration will be given to upgrading existing dispersion models to include the modeled wind fields directly in
the dispersion modeling process.

4. Summary and conclusions
A system for real-time analysis of local wind patterns has been
installed by PGandE at the Emergency Operations Facility for
Diablo Canyon Nuclear Power Plant. The operational system
has been successful in assimilating diverse wind-measurement
data and producing real-time CRT displays of local wind fields
based on objective analysis. At present the system is under
evaluation to determine the reliability of the output patterns
and the adequacy of the network for input measurements.
The system is designed to provide an interim solution to
addressing the complex influence of rugged terrain and a coastal
environment on the wind patterns in the vicinity of the plant.
Until such influence can be successfully handled directly in the
dispersion-modeling process, the system will assist in moremeaningful interpretation of available dispersion modeling output. There is no expectation that a mass-consistent interpolation
scheme will be sufficient in deducing the full range of complexity in a coastal-complex-terrain environment. The system
will, however, enable the EOF meteorologist to quickly assess
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the likely transport paths of effluent plumes based on a strategically placed network of wind measurements. It is hoped
that the information derived will serve to increase confidence
in the meteorological basis for decision making in the emergency response context.
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announcements
Proceedings of Third International Conference
on Statistical Climatology Available
The Proceedings of the Third International Conference on
Statistical Climatology are available through the Austrian
Meteorological Society (Osterreichische Gesellschaft fur Meteorologie), Hohe Warte 38, A-1191 Wien, Austria, for a
subscription price of $40.00 (450 Austrian shillings), plus
postage.

Selected Publications of American Institute of
Physics Available
The American Institute of Physics (AIP) Center for History of
Physics and Niels Bohr Library announce the availability of a
list of selected publications on the following topics: information on the AIP Center, photograph catalogs, catalogs of
source materials, materials on documentation and preservation, books, and other materials. For more information, contact the Center for History of Physics, American Institute of
Physics, 335 East 45th Street, New York, NY 10017.

Graduate-Study Scholarships To Be Awarded
By APCA
APCA has announced that it is soliciting applications for three
graduate-study scholarships—one for $4,000.00 and two for
$2,000.00—to be awarded for the 1988-89 academic year.
APCA is an association dedicated to air-pollution control and
hazardous-waste management.
Applications for the scholarships must be received by APCA
at its Pittsburgh, Pennsylvania headquarters no later than 15,
November 1987. The scholarships are funded by the "APCA
Scholarship Endowment Trust Fund/' which was established
in 1981.
The scholarships will assist graduate students who are working toward and training for careers in areas of air-pollution
control such as, but not limited to, air emissions from hazardous waste, acidic deposition, indoor-air quality, improved
fuel combustion, new or improved pollution-control techno1

Notice of registration deadlines for meetings, workshops,
and seminars, deadlines for submittal of abstracts or papers
to be presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at
least three months before deadline dates.—News Ed.

logy, and physical or chemical characterization of pollutants.
The awardees may attend the institution of their choice for
study and research within the areas defined by the applications
and as limited by terms of the fund.
At the start of the term for which the scholarships are
sought, applicants must be full-time graduate students pursuing courses of study and research leading to careers in air
pollution related fields as noted above. Awards will be made
on the basis of academic record and career goals without consideration of sex, race, national origin, financial need, age, or
physical disability. Each award will be for one year. An
awardee may apply for a one-year renewal award if justified
by acceptable academic progress during the first year.
Selection of the awardees will be made by the Scholarship
Selections Subcommittee of the APCA Scholarship Awards
Committee. Announcement of the scholarship awards will be
made by 1 March 1988 and will be available for use in the fall
1988 academic year.
APCA is a nonprofit technical and educational association
for professionals concerned with environmental issues, principally air-pollution control and hazardous-waste management. Headquartered in Pittsburgh, APCA has nearly 9 000
members in approximately 50 countries. Its members represent such sectors of employment as industry, government,
academia, consulting, and research.
Application forms for the scholarships may be obtained from
the APCA Scholarship Fund, P.O. Box 2861, Pittsburgh, PA
15230.

Women-Scientist Exhibit to End
"My Daughter, the Scientist," a traveling exhibition that
features the achievements of today's women scientists and
engineers, will make its last scheduled appearance at the
Museum of Science in Boston, Massachusetts, from 3 October
1987 through 3 January 1988. Joanne Simpson, AMS Scientific
and Technological Activities Commissioner and Head of the
Severe Storms Branch of the Laboratory for Atmospheres at
NASA Goddard Space Flight Center, is one of the distinguished
scientists featured in the exhibit (see Bull. Amer. Meteor.
Soc., 66, p. 1326). The exhibit was first presented at the
Chicago Museum of Science and Industry from May through
September 1985, and had been shown in six cities around the
United States.
announcements (continued on page 1216)
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