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PREFACE

In accordance with the letter of agreement of July 13,
1971, with the U.S. Atomic Energy Commission, Division of
Reactor Development and Technology, the Air Resources Labora-
tories have continued their study of atmospheric transport
and diffusion in the planetary boundary layer, micrometeor-
ology, diffusion climatology, and the application of this
work to the disposal of radioactive waste gases into the
atmosphere. The research is technically administered and
supervised through the Air Resources Environmental Laboratory
of the Air Resources Laboratories. The work 1s performed at
the Air Resources Laboratories Headquarters in Silver Spring,
Maryland, and at the Air Resources Idaho Falls Laboratory,
National Reactor Testing Station, Idaho. Any inquiry on the
research being performed should be directed to the editor,
Isaac Van der Hoven, Chief, Air Resources Environmental
Laboratory, Air Resources Laboratories, National Oceanic and
Atmospheric Administration, 8060 - 13th Street, Silver Spring,
Maryland 20910.
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ATMOSPHERIC TRANSPORT AND DIFFUSION IN THE
PLANETARY BOUNDARY LAYER

AIR RESOURCES LABORATORIES ANNUAL RESEARCH PROGRAM
REVIEW FOR THE ENVIRONMENTAL SAFETY BRANCH
DIVISION OF REACTOR DEVELOPMENT AND TECHNOLOGY
U. S. ATOMIC ENERGY COMMISSION

1. URBAN PLANETARY BOUNDARY LAYER STUDIES (OKLAHOMA CITY)
1.1 Introduction

In a continuing effort to learn something about the effect that a
city has on the low-level windfield, we carried out an extensive obser-
vational program near Oklahoma City from mid-September to mid-October
1971. A number of factors led to the choice of Oklahoma City for this
program. The most 1mportant ones were a meteorologically instrumented
500 m tower (the WKY TV tower, with meteorological equipment installed
and operated by NOAA's National Severe Storms Laboratory); the relative
flatness of the surrounding terrain so that the city itself could reason-
ably be assumed to be the only disrupting element in the flow; and the
expected prevalence of steady, moderate to strong southerly winds, which
greatly simplified the design of the observational network and permitted
accumulation of an "ensemble" of observations under similar meteorological
conditions.

The measurement program consisted of four separate parts: (1) fast-
response sensors were mounted on the WKY tower at two levels to accurately
measure the stress tensor and other turbulence statistics needed for
proper interpretation of the other data; (2) tetroons were released at
sites upwind from the city, the release points being varied as circum-
stances dictated, but were always chosen so that the tetroons would pass
close to the WKY tower, with the tracking radar situated about 8 km from
the tower; (3) pilot balloon soundings (and some radiosondes) were taken
by a mobile network of five stations arranged in three different configura-
tions, those of greatest interest being a Tine along the mean wind direc-
tion, passing through the heart of the city, and including a station ad-
jacent to the WKY tower; (4) slow-response wind measurements were made on
a continuous basis at five levels of the WKY tower and at about 30 m
above the ground with a network of nine stations occupying a region some
80 x 130 km centered around Oklahoma City.

These four measurement activities contributed to six distinct goals:
(1) to repeat the comparison of pibal and tower wind measurements carried
out in 1970 (see NOAA Tech. Memos. ERL ARL-28, 1971 and ERL ARL-32, 1972)

but with better quality control and greater precision; (2) to determine



the spatial variations in the windfield in the lowest 2 km, as induced by
the presence of the city; (3) to compare features of the windfield deter-
mined from a 1ine of pibal stations with the same features determined
from a series of tetroon flights passing close to that line of stations;
(4) to compare the '“Eulerian" covariance of horizontal and vertical velo-
city measured with fast-response sensors mounted on a tower with the
"Lagrangian" covariance of horizontal and vertical velocity determined
from a series of tetroon trajectories; (5) to determine the feasibility
of using standard pibal and radiosonde techniques to determine the verti-
cal variation of wind, geostrophic wind, and acceleration in the lowest

2 km; and to test the technique of determining the shearing stress by
vertical integration of the geostrophic departure; (6) to test a techni-
que developed at the National Reactor Testing Station (NRTS) for deter-
mining trajectories from a network of near-surface wind measurements.
Since analysis of the data is currently underway, it is now most appro-
priate to describe the program in detail by breaking it down according to
measurement program. |

1.2 The WKY Tower Measurements

STow-response measurements of wind speed and direction were made at
five levels on the tower — approximately 26, 44, 90, 266, and 444 m above
the surface. Slow-response temperature measurements were made at these
same levels and also at the surface and 177 and 355 m. These data were
recorded continuously throughout the program and were subjected to vastly
improved quality control procedures than in 1970. In addition, fast-
response measurements of three wind components, using orthogonal arrays
of propeller anemometers were made at 177 and 355 m; these were recorded
in analog form while tetroon and/or pibal operations were 1n progress.
They are discussed in greater detail in section 1.5.

1.3 Three-Dimensional Tetroon Trajectories

Constant volume balloon (tetroon) flights near Oklahoma City during
September-0ctober 1971 provide information on the influence of an iso-
lated urban area on the horizontal and vertical airflow in unstable and
relatively stable conditions. The tetroons were tracked by an M-33 radar.
Launch mobility was provided by a large truck fitted out as an inflation
van. Tetroon positions were obtained at 1-sec intervals and stored on
magnetic tape. These 1-sec readings were later averaged to yield 30-sec
average tetroon positions and derived velocities. As usual, transponders
were attached to the tetroons to permit accurate positioning at very low
elevation angles. The tetroons were inflated to float at a mean height
300 m above ground, since one purpose of the experiment was to compare
Reynoids stresses derived from the tetroons with the stresses derived
in the conventional fashion from fixed-point instruments (Gill props)
on the 450-m WKY tower.




The solid lines in figure 1 crudely estimate the partitioning of
OkTahoma City according to building type. The small area labeled 1 repre-
sents the downtown area with buildings as high as 40 stories (120 m),
area 2 the semibuilt-up industrial and commercial areas with buildings
about 10 stories (30 m), area 3 the residential area, and area 4 the rural
area. The dashed lines indicate terrain height about sea level at 40-m
intervals. The slight variation 1n terrain height is mainly associated
with the three river systems in the area: the Cimarron River to the north,
the North Canadian River that passes through the southern edge of Oklahoma
City, and the Canadian River that passes about 30 km south of Oklahoma
City, or near Norman, Oklahoma. The locations of the instrumented TV
tower and the tetroon-tracking radar are also indicated in figure 1.

Figure 2 shows sequential tetroon trajectories for the first 2 days
of October. To make the city's influence on the trajectories more ob-
vious, we have doubled the east-west scale with respect to the north-south
scale. The dots indicate tetroon positions at 3-min intervals, the flight
numbers are given at the ends of the trajectories, and the time (CDT) when
the tetroons passed over the center of the city are shown in parentheses.
At this location, the wind consistently backed during the day; therefore,
tetroons released in the morning tended to pass to the east of downtown
and those released 1n the evening, west of downtown.

Quite apparent on morning flights 19, 20, and 24 is the tendency for
the tetroons to turn toward the left looking downwind (toward lower pres-
sure) as they pass over the city; in most cases this is followed by a re-
turn nearly to the original track. Complete compensation is prevented by
the diurnal backing of the wind. In the afternoon, this turning is not so
obvious, and instead wave-like oscillations occur over the city. The single
evening trajectory (flight 23) in fiqgure 2 is nearly straight.

To obtain a generalized picture of the turning, examine the mean
tetroon trajectories in figure 3; these are based on five flights passing
over the city from 0900 to 1200, 1200 to 1500, and 1500 to 1800 CDT. The
wind speeds are so nearly the same (13 to 14 m sec™') along all the tracks
that the averaging procedure causes little smoothing, but to ensure a mini-
mum of distortion, the coordinate axis for the averaging was centered on
the city's center and not on the Taunch site. Between 0900 and 1200 CDT, the
trajectory turning (backing) over the city at about 300 m amounted to 9°,
probably illustrating the additional frictional effect induced by the city.
Because of this turning the trajectory beyond the city shifted about 2 km
laterally from that shown by the light dashed 1ines. Inasmuch as trajec-
tories either side of the city presumably do not undergo such a shift,
downwind of the city there is lateral trajectory convergence to the left
and lateral trajectory divergence to the right of the city looking down-
wind. This lateral mass convergence and divergence could be compensated
for either by ascending and descending motion, respectively, or by an
increase in wind speed while it moves downwind to the right of the city.
Without simultaneous tetroon flights, it is difficult to tell which is the



Figure 1. Map showing the radar, tower, the partitioning
of the eity according to building type (see text), and
the terrain height in meters MSL (dashed lines).
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Figure 2. Sequential tetroon trajectories. The dots are tetroon
positions at 3-min intervals; flight numbers and passage (LT)
over city center are indicated at trajectory end. The E-W
scale 18 double the N-S scale.

case. Between 1200 and 1500 CDT, the mean trajectory backing over the
city amounted to only 3°, but the backing began farther upwind and ex-
tended farther downwind from the city than at the earlier times. Thus,
in this case also the lateral trajectory displacement amounted to about

2 km. Note that in early afternoon, even in the mean, wave-shaped tra-
jectory oscillations are set up by the city and appear to extend at least
50 km downwind. Between 1500 and 1800 CDT, the mean trajectory passing
west of downtown turns eastward at a 5° angle downwind of the city, but
there is no apparent upstream effect; however, this may be because the
launch site was too close to the city. The impression that late in the
day the city acts as an obstacle to the flow is confirmed in figure 4 by
the mean trajectories for 1800 to 2100 CDT. The two outer trajectories
are each the average of two trajectories, and under the relatively stable
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Figure 3. Mean tetroon trajectories across the city determined by
averaging five flights each period. The dashed lines illustrate
the mean lateral trajectory displacements caused by the city;
the mean angular turning is also shown. The E-W scale is double
the N-S scale.

conditions prevailing at this time, note that the air tends to bend around
the city somewhat 1ike the flow of water around a rock. The mean angular
turnings are small, only about 4°, but an opposing lateral trajectory dis-
placement of about 2 km occurred each side of the city, resulting in an over-
all Tlateral trajectory convergence in the lee of the city of about 4 km.
Once again, simultaneous flights would be required to see if this lateral

convergence was compensated for by an upward air motion or increase in
wind speed.

The two individual trajectories in fiqure 4 crossed the center of the
city at 1820 and 1950 CDT, respectively. The point of interest is that the
city center induced a fairly pronounced wave-shaped oscillation at 1820,
but there is no evidence of such an oscillation at 1950. Apparently, as
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Figure 4. Tetroon trajectories
across the city. The trajec-
tories farthest west and east
are each based on the average
of two individual trajectories.
Dots show tetroon positions at
3-min intervals.

1O km

the atmospheric stability increases, the effect the city has on the airflow
at heights of 300 m becomes very small. This is consistent with the exper-

ience at Columbus, Ohio (Angell et al., 1971), where the influence of the
city 1s mostly evident below 200 m.

Figure 5 shows the mean tetroon height traces for the five flights 1in
each of four time periods, whose mean horizontal trajectories appear 1in
figures 3 and 4. The heights have been averaged with respect to distance
from the city's center. The city-induced upward air motion is a maximum
in the late afternoon, but is also apparent during the morning, with
respective mean upward motions of 0.7 and 0.3 m sec™'. The point of maxi-
mum tetroon height moves farther downwind as the day progresses, but 1in
general it is centered almost over the city. Because the restoring force
acts to return the tetroon to its equilibrium (isopycnic) float surface,
this result may be misleading. A computer program estimates the air par-
cel vertical motion from the tetroon vertical motion. This program will
be run for all the Oklahoma City flights, but this has not yet been accom-
nlished. Preliminary results indicate, as expected, that the actual air
parcel vertical motion above the city is considerably larger than that in-
dicated by the tetroons, and that in general the crest of the air parcel
trajectory is several kilometers downwind of the city.
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An interesting feature of fiqure 5 is that the TV tower appears to be very

near the trough in the standing-wave pattern over the city, so that there
should be relatively little mean vertical motion at the tower. In other

words, by pure coincidence, for conditions prevailing during the experiment

the tower was approximately one-half the standing-wavelength from the cen-
ter of the city.

In the evening, the tetroons descended slightly over the city, the oppo-
site of their daytime behavior. This may be because so 1ittle vertical air
motion occurred 1n the evening that the tetroons basically followed their
isopycnic float surface, which descended over the relatively warm city

(heat island effect). During the day, the isopycnic surfaces may also dip
over the city, but this effect on the tetroon height traces is completely
masked by the strong vertical air motions occurring in daytime.




One purpose of the experiment was to compare the Reynolds stress mea-
sured from sequential horizontal and vertical velocities along the tetroon
trajectories with the stress measured in the conventional manner on the
TV tower. The tower data are not yet available so that comparisons are not
now possible. However, it is of interest to see how the tetroon-derived
stress over the city compares with that over the countryside. For this
preliminary investigation, we assume that the first hour of tetroon flight
in the southerly flow was basically over the city (after the first hour,
the tetroons were near the tower) and that the second hour of flight was
over the country.

Figure 6 shows the mean urban and rural tetroon-derived stress as a
function of time. The urban stress is always greater than the rural stress,
as would probably be anticipated. Furthermore, although the rural stress
1S a maximum in midafternoon, as might be expected because of the strong
convection occurring then, the urban stress is a maximum (nearly 2.5 dynes
cm-%) in the morning. This shift in peak value to the morning is probably
because the mean tetroon trajectory was directly over the downtown area
(fig. 3). Thus, this implies that the city, particularly its center, in-
duces an anomalously large downward transport of momentum.

An interesting point still to be investigated is the extent to which
the standing-wave pattern associated with the city causes the relatively
large downward transport of momentum over the city. This will be estimated
from the cospectra of longitudinal and vertical velocity. This is of
special interest because the momentum flux associated with the standing
wave cannot show up in the momentum flux obtained at a fixed point, namely

on the TV tower. Thus, the possibility exists that conventional tower esti-
mates of momentum flux are seriously wrong in locations near cities or hills

where standing-wave patterns are well established. Of course, aircraft
measurements would yield representative flux estimates under such conditions.
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1.4 Pibal - Radiosonde Measurements

This program consisted of three different phases. In Phase I, a line
of five stations was set up, oriented with the prevailing wind from roughly
25 km upwind of the downtown area to 25 km downwind, passing through the
downtown area and past the WKY tower. In Phase II, the five stations were
situated in the four corners and at the center of a rectangle roughly 80
by 120 km, with the center station at Tinker Air Force Base just outside
Oklahoma City. In this phase, radiosondes as well as pibals were taken.
In Phase III, five theodolites were set up adjacent to the WKY tower;
each balloon was tracked by all five theodolites, permitting evaluation
of each sounding along 10 baselines of varying length and orientation,
assessment of observer accuracy, and comparison of pibal-determined winds
with those measured on the tower. In all three phases, we used only
double-theodolite tracking. Baselines were, wherever possible, at least
/50 m long, and the basic data period was 2 hr during which 20 balloons
were tracked at each station. Each balloon was tracked for 10 min and
reached a height of roughly 1.5 to 2.0 km. To permit tracking at this
pace, two teams of observers were stationed at each site; the first team
tracked the first balloon, and halfway through this sounding, the second
team began tracking the second balloon, etc.

Phase I was from September 27 to October 1, the synoptic pattern was
steady, and the wind blew directly along the line of stations. Data were
collected during 11 different 2-hr periods on these 5 days, and because
of the unchanging overall picture, these 11 periods may be combined into
a single ensemble. Preliminary examination of the soundings indicates a
far greater diurnal variation than had been expected, undoubtedly due in
part to diurnal changes in geostrophic wind associated with the large-
scale terrain slope (as described, for example, by Bonner and Paegle,
1970), but also very likely due in part to the thermal and roughness
field associated with the urban area.

Phase III was on October 14 and 15. The weather was good, and data
were collected during five 2-hr periods. Examination of these data has
not started.

1.5 Fast-Response Wind and Temperature Fluctuation Measurements
1.5.1 Objective

The principal objective of this program was to estimate the momentum
and heat flux, using the eddy correlation method, at sufficient height on
the WKY tower to represent flow conditions above the surface layer in the
planetary boundary layer. The estimates of the momentum flux in particu-
lar are to be compared with similar measurements derived from balloon
and profile data gathered near the tower and from tetroon measurements.
Considerable emphasis will be placed on the Tow-frequency fluctuation
to find long-period oscillations in the measurements of the vertical
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componeant of the wind, which may be induced by the dynamics of flow over
the city.

1.5.2 Instrumentation

The selection of a sensor to measure the orthogonal components of the
wind was determined by the following factors. First, measurements of the
momentum flux were desired above 300 m; therefore, a fairly rugged Sys-
tem, requiring only periodic maintenance and calibration was needed.
Second, nonuniformity of the local terrain and vegetation near the tower
would make any measurements below 40 m suspect. In this height range,
the long wavelength end of the inertial subrange is about 1/10 the height.
Thus to measure the high frequency contribution to the momentum flux, we
needed a sensor with a distance constant of less than 2 m. What is commonly
referred to as a Gill propeller-type anemometer, described by Holmes et al.
(1964), meets these general requirements. Wind tunnel tests reported by
Camp et al. (1970) show the distance constant is dependent upon the angle
of attack with a maximum value of 1.2 m at longitudinal directions that
decreases to about 0.4 m at transverse flow directions.

Three individual propeller units (Young, Model Number 27100) were as-
sembled to form an orthogonal array by constructing a central mounting
block (fig. 7). The aluminum block was 10 cm in diameter and 5 cm thick.
The arm support holes were precision drilled to guarantee the angle be-
tween the respective propeller shafts of 90° + 0.1°, the accuracy suggested
by Kaimal and Haugen (1969) for accurately determining the momentum flux.
At the risk of adding slightly to the distance constant, a shaft extender
was used on the vertical pointing propeller to unify the response in trans-
verse flow conditions. The propeller shaft connects to a small generator
(53 mV m~* sec™!), and signal wires transmit the voltages to the base of
the tower. Two such arrays were constructed.

Obtaining a level array to the accuracy (+ 0.1°) suggested by Kaimal
and Haugen (1969) at 300 m above ground presented a much bigger problem.
Following the procedures suggested by Dunbar (private communication) a
sensitive electronic level monitor was constructed. The sensors (Hamlin,
Model Number 106), variable resistance type bubble levels (fig. 7), were
mounted on the aluminum mounting block parallel to the axis of the hori-
zontal propeller shafts. The position accuracy of the electronic level
sensors was checked and found to represent the horizontal plane defined
by the propeller shafts within the limits specified above. An a-c bridge
circuit was constructed to measure the resistance of the level indicators.
The bridge circuit was "portable," and the level indicators were useful
in positioning the array after calibrations. Sufficient signal wires were
available to allow monitoring of the level sensors from the base of the

tower at the beginning and end of each run.

A sensitive thermometer, consisting of a five-junction thermopile
(No. 40 copper/constantan), was constructed to measure temperature fluc-
tuations to allow us to estimate the heat flux. Both the sensing junction
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Figure 7. The orothogonal propeller anemometer used in the study.
The shaft extender is clearly visible atop the vertical pointing

anemometer and the bubble levels are to the right at the base of
that component.

and the reference junction were mounted in an aspirated radiation shield
(Climat, Model Number 061-1) similar to that used to shield the tempera-
ture gradient measuring system. The reference junction was enclosed in
an epoxy mass to lengthen its time constant to agree with that of the
gradient sensor. Tests showed that when mounted in the aspirator, the
sensor junction had a time constant of about 1 sec (1/e time), and the

reference junction was about 70 sec. Airflow in the shield was computed
to be 3 m sec™’.

1.5.3 Exposure

As discussed in a preceding section, one of the important objectives
of this study was to measure the effect of a city on a relatively uniform
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flow. Thus, on the WKY tower, located NNE of downtown Oklahoma City, the
primary measurements (wind and temperature) were taken from the SW side.
The support for the orthogonal wind system was constructed to extend from
the tower arms used to mount the profile system, as shown in figure 8.

In this position, the center of the array extended 4.2 m from the face of
the tower and had its major axis pointing in a 240° + 2° direction. Thus,
winds blowing down the center of the orthogonal wind system blow from 195°.
Throughout the measurement program, wind and temperature fluctuation sen-
sors were 354 m above ground. The aerovane was removed to avoid any pos-
sibility of interference. The second system was 158 m above ground through-
out most of the test; temperature fluctuations were not measured at the
lower level.

Figure 8. The orthogonal propeller anemometer in the extended position.
At this time the propeller anemometer and the aerovane were being com-
pared, normally the aerovane was removed to avoid interference.

13



The two primary factors that influence the accuracy of the wind com-
ponent measurements, deviation from a cosine response and flow interfer-
ence caused by the tower, are wind direction dependent. Maximum accuracy
was obtained when the wind direction was 195° + 40°, or within 5° of being
transverse to one of the horizontal sensors. According to Gill et al.
(1967), the effect the tower has on the measurements is less than 2 per-
cent in this direction sector, if we assume the anemometer extends 3 m from
the tower. This approximately true since a tower is about 3.1 m on a side
and the anemometer extends 4.2 m. Tower effects do not exceed 5 percent
until wind direction fluctuations exceed 195° + 80°. Winds from 310°
through north to 80° cannot be analyzed due to tower interference. The
calibration error caused by a deviation from a cosine response at trans-
verse attack angles, when the propeller is changing direction of rotation,
can be minimized when a data run can be subdivided into periods when the
flow 1s longitudinal and when it is transverse. Such subdivisions were
generally possible in the stronger wind conditions; major problems were
encountered though when winds were light and variable. Although an analy-
tic expression for the calibration has been proposed by Drinkrow (1972),
1t was not used; rather, a table of values based on figure 3 from Holmes,
et al. (1964) was used to correct for deviations from a cosine response.

1.5.4 Signal Conditioning, Recording, and Calibrating

All signals were transmitted to ground level by shielded cables;
nonetheless, a considerable amount of high frequency noise was acquired.
A simple first-order filter, with cut-off frequency of 13 Hz, limited the
noise on all six anemometer signals. The gain of the amplifier and the
input bias were changed from one run to the next in order to maintain an
optimum signal level at the input to the recorder. A1l signals, includ-
ing a zero level and bias voltage, were recorded in FM mode on a 14-
track analog magnetic tape recorder. The six wind channels were also
monitored on a multichannel stripchart recorder.

A voltage calibration, zero and + 200 mV, was performed on each
amplifier at the beginning and end of each run in order to document gain
and bias settings. At four times during the tests, a calibration signal
was applied from the anemometer using a constant speed (1800 rpm) motor
to spin the anemometer shafts; propellers were removed during this pro-
cess. The range in the values from each anemometer was less than 1/2
percent of the calibration value. Thus a single set of calibration vol-
tages was used for all of the records.

The sensors operated from September 24 through October 12, 1971, and
recorded /7 hours of data, the mean wind direction was between 160 and
220° for 47 hr of this period. Of the remaining 30 hr of data, approxi-
mately one-half are not useful because directions were more northerly
and tower influences will not be negligible. A1l tapes were digitized at
the NRTS computer facility. The digitizing rate was 10 observations/sec,
and the resolution is + | part in 8192. The data will be subdivided into
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20-min blocks for editing and computing of basic statistics — the mean,
variance, skewness, and kurtosis. The spectra and cospectra will be com-
puted for longer periods, in most cases 60 to 100 min long.

1.6 Mesoscale Windfield and Transport Analysis

The network of wind stations used in this experiment was set up speci-
fically for this study. Except for the NRTS mesonetwork, it was ARL's first
attempt to establish a mesoscale network of wind observations for a field
experiment. The wind observations obtained for the Los Angeles experiment
(see NOAA Tech. Memo. ERL ARL-32, 1971) were obtained from stations pre-
viously established for other purposes; this caused some of the data to
be of questionable value because of sensor height and. location.

Since the area surrounding Oklahoma City is moderately populated, it
was possible to mount the wind sensors approximately 30 m high on existing
towers. Figure 9 shows the positions of the eight wind stations in the
90 x 130 km area centered on the WKY tower. Wind data were also extracted
at 44, 266, and 444 m for use in the analyses. The configuration of the
network provided optimum coverage of south-to-north tetroon flights.

© 0 5 10 mi.
L L J
Scale

terrain ht.< 1200 ft. ms| 850

gjﬁi?} Figure 9. Wind station network
configuration for Oklahoma
study. Flat topography is in-
dicated by the 1200-ft contour.

o WKY tower

......

1437 »
terrain ht.> 1200 ft. ms|
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The local topography provided an interesting contrast to the terrain
characteristics of the upper Snake River Plain. The height difference
between the highest point on the grid (about 440 m) to the lowest point
(about 260 m) is about 180 m in a distance of about 90 km. This repre-
sents an average slope of about 2 x 10-°, or about 1/5 of the slope over
the NRTS mesonetwork, and would indicate a more gently varying terrain.
On a scale of less than a kilometer, nowever, the Oklahoma terrain may -
vary by over 30 m in a distance of 400 m, which 1s considerably rougher
than the NRTS terrain. The most noticeable terrain feature within the
boundaries of the grid is the protrusion of the slightly higher ground
from the west. Oklahoma City is on a peninsula of this slightly higher
ground with the terrain sloping downward and away from the city to the
north, east, and south.

The wind data set from the mesonetwork was from September 21 through
October 12, 1971. The wind speed and direction on the strip charFs were
averaged over 20-min periods and recorded on punch cards for editing and

transfer to disc storage.

Windfield plots every 3 hr, similar to those for the NRTS network,
were produced and examined. There were no wind patterns that could be
recognized systematically with mesoscale features observed in the data
set. Under the conditions of a very weak synoptic-scale pressure gradient,
there seemed to be a slight influence of the higher ground to the west, as
indicated by the nighttime westerly winds. This phenomenon would probably
occur more during July and August when daytime heating is greater.

The most severe horizontal variations in the windfields of this data
set seem to be associated with the fronts passing through the area. An
example of this is shown in figure 10. For 6 days previous to this series,
the windfields showed southerly flow with very 1ittle horizontal variation.
Shortly after 0400 CDT October 2, a weak front passed the northwest corner
of the grid and proceeded southeastward causing the spatial variation shown
in the series of plots. This frontal system was accompanied by a consider-
able amount of thundershower activity, which would account for much of the
horizontal variation. By 0700 October 3, the front was 80 km southeast
of Oklahoma City and the windfield pattern is once again quite uniform,
but with winds from the north.

The overall conclusion one might draw from the windfield plots of this
data set is that the primary influences on the flow through the grid were
the synoptic-scale pressure patterns and frontal systems. Figure 11 shows
an interesting circulation pattern, of a larger scale than the grid, pass-
ing through the area on October 11. A frontal system oriented east-west
through southern Kansas moved slowly toward the area during the period but
did not pass through, while the flow through the area rotated through 360°.

The transport of hypothetical particles from the WKY tower for the
22-day period of the experiment is depicted with the same type of trajec-

tory plots that were produced for the NRTS (Wendell, 1970). The high
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Figure 12. Tragjectory plots at 1-hr intervals showing the paths of hypo-
thetical particles advected with 20-min averaged windfield data. Each
plot econtains 12 particle trajectories with the release time for the
first particle shown at the top of the plot. The arrow at the top of
each plot indicates the gemeral direction of the wind change shown by
the trajectories.

and Paegle (1970). They attributed the oscillation to the alternate heat-
ing and cooling of the sloped terrain. A reexamination of the windfield
plots indicates that the phase of the oscillation agrees well with their
observations. |

An oscillation of this type would have important implications in both
accidental and routine releases of an effluent. For the emergency situa-

tion, the ability to anticipate a 15 to 30° turning of the wind would be
important. Under a sustained and controlled effluent release, the rela-
tionship of the oscillation to the diurnal variation in stability would
be helpful in determining the area that would receive the highest long-
term dose.

19



Of the remaining 24 trajectory plots, three indicated sustained
easterly flow, seven sustained northerly flow, four sustained westerly
flow, and 10 a dispersion over a significant portion of the grid. In
these 10 sets only five contained evidence of the spreading being caused
by curved streamlines. This observation is confirmed by the differences
shown in comparing the windfield trajectories with those produced by the
source wind only.

Trajectory plots for the same data set were produced using the WKY
wind as if it applied over the whole grid. The results of a comparison
of the areas covered by the two sets of plots are shown in table 1. Ex-
amples of these comparisons are shown in figure 13. The first two show
poor agreement in terms of area covered. The third comparison (0800 CDT,
October 11, 1971) agrees well in spite of the large spread in the trajec-
tories. This release period corresponds to the occurrence of the rotating
windfield discussed above (fig. 11). An interesting feature in this
situation is that a seemingly significant amount of spatial variation
occurred caused by curved streamlines from 1000 CDT on the 11th to 0700
CDT on the 12th, but it is lateral to the direction of transport and
causes little discrepancy in the single-station trajectories. The last

WKY 2000 10702771 WF WKY 0800 10/0%/71 WF WKY 0800 10/11/71 WF WKY 2000 10711771 WF

—x»,
—=»,
—_—=»,

WKY 2000 10702771 S5 WKY 0800 1p/04%/71 SS WKY 0B00 10711771 SS WKY 2000 10711771 55
r— '
A .

i_ L 1%—-
byl
-;" ! w1 >
L ]

Figure 13. Windfield (WF) - single station (SS)
comparisons. See fig. 12 for other details.
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Table 1. Comparison of Area Covered by Windfield
and Single Station Trajectories

Number of Percent of

Area Agreement Cacas Total
Good (90% to 95% mutually covered) 27 64
Fair (70% mutually covered) 9 22
Poor (<70% mutually covered) 6 14

comparison in fiqure 13 is a continuation of the October 11 release. If
we consider area coverage alone, there is fair agreement in the plots, but
individually, the last nine of the 12 trajectories show significant
differences.

To compare trajectories of individual particles computed with wind-
field and single-station data, we calculated separation distances and
stored them according to distance traveled by the particle in the wind-
field. Some statistical results of these comparisons are shown in table 2.
The number of particles on the grid is strongly dependent on the grid geom-
etry. The distances from the source to the boundaries are about 43 km east
and west, 65 km to the north and south, and about 77 km to the grid corners.
There 1s a distinctive drop in the number of particles available for com-
parison as each of these distances is exceeded, indicating a high percen-
tage of relatively straight trajectories. The separation statistics: of
table 2 indicate that, for the period of this data sample, inside a 32-km
radius a particle being advected by the source wind would be within 8 km
of its position in the windfield for at least 70 to 80 percent of the time.
At a distance of 48 km, with about 89 percent of the particles still on the
grid, the average separation is 14 km and growing rapidly. This would
cause serious problems only for unexpected short releases of material.

The favorable area comparisons would show single-station transport to be
a reasonable approximation for long-term controlled releases.

Even though 1t was not their primary purpose, the tetroons flown
through the grid provided a valuable source of information on the flow

above the tower network. There were 54 flights that were compared with
simultaneous windfield trajectories. The average heights of these

flights varied as follows: 24 flights at or below 300 m (above the ground),
25 flights above 300 m, and five flights above 610 m. The average height
for all the flights was 380 m above the ground. A trajectory plot was
produced for each tetroon flight including also the trajectory of a hypo-
thetical particle carried by the windfield. Information was printed at
15-min intervals on the positions, separation, speed, and direction of the
tetroon and particle. Figure 14 shows examples of these plots. The primary



Table 2. Statistice on Separation of Particles Advected
by the Windfield and Particle Movement by the Source
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