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ON THE TRACKING OF SMOKESTACK AND COOLING 
TOWER PLUMES USING WIND MEASUREMENTS 

AT DIFFERENT LEVELS 

R. L. Miller A. A. N. Patrinos 

ABSTRACT 

Relationships between cooling tower and smokestack plumes at the Bowen 
Electric Generating Plant in northwestern Georgia and wind direction measurements 
at levels from the surface to 850 mb(~1 .5 km) are examined. The wind measurements 
play an important role in estimating plume directions which in turn are utilized to 
establish control and target (upwind and downwind) areas for a study of plant-
induced precipitation modification. Fifty-two plume observations were madeduring a 
three week period in December, 1979. Results indicate that a windset (4.5 km from the 
plant) mounted at a level approximating that of the cooling tower plume is a better 
predictor of plume direction than surface windsets (1.0 km from the plant) or 850 mb 
level winds. However, an apparent topographical influence on the wind direction 
measurements at the plume-level windset site somewhat limits its plume tracking 
capability, at least for ambient winds from the SW quadrant. 

INTRODUCTION 

The determination of the directions along which cooling tower and smokestack plumes from 
power plants travel is a major concern in studies using the upwind-downwind approach to investigate 
plant-induced weather modification.' Approximation of plume directions is particularly complicated 
for studies requiring knowledge of the directions at given times rather tl an on a climatological basis.2 

An approach to obtaining the desired data is by wind measurements at different levels; this is a 
challenging task. 

In an effort to establish the best method for estimating plume directions from available wind 
measurements at the Bowen Electric Generating Plant (Plant Bowen) in northwestern Georgia, 
members of the Oak Ridge National Laboratory (ORNL) made observations of the cooling tower and 
smokestack plumes during a three week period in December 1979. The observations provided a 
comparison with wind data at levels from the surface to 850 mb (~1.5 km) to determine the extent to 
which the wind directions at those levels reflected the plume directions. This investigation was part of a 
joint field study designated Winter Study of Power Plant Effects (WISPE) involving Battelle Pacific 
Northwest Laboratories, The Pennsylvania State University, and ORNL. The overall goal of WISPE 
was an improved understanding of the effects of cooling tower and smokestack plumes on local weather 
and atmospheric conditions. The field study was a part of the Meteorological Effects of Thermal 
Energy Releases (METER) program which is sponsored by the Department of Energy (DOE).3 Plant 
Bowen was selected as the site for WIS1 E because of its physical characteristics (the largest U.S. 
coal-fired power plant with coolingtowers) and because it has been the target of extensive field studies. 
Since February 1978, ORNL has been operating a recording raingage and windset network around the 
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plant to evaluate the potential precipitation modification by the heat and moisture releases.2 Plant 
Bowen, located about 64 km northwest of Atlanta and owned and operated by the Georgia Power 
Company, is a 3160 MW (electric) plant with two smokestacks and four natural-draft cooling towers. 
The height of each smokestack is 305 m, while the towers stand 119 m above the ground level of 220 m 
MSL. 

The incorporation of the plume observations in WISPE addressed the problem of estimating the 
plume directions prior to and during storm events from available wind measurements. Knowledge of 
the approximate cooling tower plume direction is crucial to the ORNL study of potential precipitation 
modification; specifically, the statistical design employed in most analyses of the network rainfall data 
is based on the control-target (upwind-downwind) concept, resembling the designs of many cloud 
seeding experiments.4,5 Thus, given the wind directions near the surface and at 850 mb for a particular 
storm event, can the plume directions be estimated satisfactorily? 

Additionally, the wind measurements and plume observations provided an excellent opportunity 
to examine the influence of topography on wind direction. Previous investigations have found local 
topography to perturb bo' the direction and speed of the wind near the surface.6,7,8 The general 
topographical features in the study area have previously been described in detail;1 specific features at 
the windset sites are discussed in the following section. 

OBSERVATIONS 

Fifty-two observations of the cooling tower and smokestack plumes were made during the period 
Dec. 5-18, 1979; two morning and two afternoon observations were scheduled daily, regardless of 
atmospheric conditions, with additional observations taken during storms. The following items were 
recorded at each observation: date and time, description of sky, occurrence of precipitation, directions 
of cooling tower and smokestack plumes (based on a 16-point compass), estimated length and height of 
\ sible cooling tower plume, and additional remarks (plume bifurcation, strong shear, etc.). Note that 
the plume directions are taken to be the directions from which the winds are approaching, thereby 
corresponding with the wind measurements. 

Simultaneous wind direction readings were obtained from three recording windsets in the study 
area: two windsets located 1.0 km NNE of Plant Bowen at a height of 6 m above ground level, and a 
meteorological station situated 4.5 km NE of the plant with wind instrumentation at the top of a 35-m 
tower. The former two windsets, which are separated from each other by ~ 5 0 m, are sited in a flat, 
well-exposed area. The meteorological station, however, stands at the crest of a 120-m hill in a large 
clearing which is surrounded by trees with heights of less than halfofthetower. Additionally, the wind 
direction at the 850 mb level was derived for each observation by interpolation of the National Weather 
Service maps. 

ANALYSIS 

The analysis of the data was directed toward the previously mentioned objectives of investigating 
the relationships between plume observations and wind measurements and studying the influence of 
topography on wind direction. Initially, a few fundamental stratifications were performed. Table 1 
displays the wind direction distributions for observations and measurements, it should be noted that a 
comparison with climatological wind records would be of limited value, since thedistributions contain 
a maximum of only 52 observations or measurements taken at varying intervals during the daylight 
hours; furthermore, care must be exercised in comparisons between distributions because of missing 
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Table 1. Wind direction dlitributiont 
(number of occurrence!) 

Surface 
windsel 
No. 1 

Surface 
windsci 
No. 2 

Meteorological 
station 

Cooling 
tower 
plume 

Smokestack 
plume 

850 mb 
level 

winds 

N 8 4 12 9 6 7 
NNE 1 3 2 0 2 0 
NE 1 1 0 0 0 0 
ENE 2 2 0 1 0 0 
E 3 3 3 1 2 0 
t S E 7 3 1 4 4 0 
SE 4 3 10 3 2 0 
SSE 1 1 3 3 1 0 
S 0 0 5 7 7 0 
SSW 1 2 3 3 4 3 
SW 2 1 0 3 5 6 
WSW 0 1 j 3 0 12 
w 1 1 1 0 2 6 
W N W 4 5 2 2 3 9 
NW 2 2 6 6 3 7 
N N W 7 3 2 6 7 2 

Total 44 35 52 51 48 52 

data which preclude a one-to-one correspondence. Nevertheless, several general results are noted. The 
majority of cooling tower and smokestack plumes traveled from the northern or southern sectors, with 
few occurrences from the east or west. Differences can be detected between the two plumes, but the 
overall pattern is quite similar (64% of the observations matched identically). The surface windset 
measurements display prevailing winds in the northwestern and southeastern quadrants; the 
distributions would be almost identical because of the small separation distance, except that both 
windsets were inoperative at different periods of the field study due to power supply problems. The 
wind direction distributional the meteorological station appears to be bracketed by the surface windset 
and plume distributions. Finally, the distribution of the winds at the 850 mb level is markedly different 
from the others: there are no occurrences of winds with an easterly component. This finding suggests 
that the latter wind would be a poor predictor of plume direction. 

Figure I presents a further analysis of the data by plotting the wind directions from all observations 
and measurements as a function of observation number. This graphical display provides the 
opportunity for comparison of the wind directions at a set time, as well as following the trend from one 
observation to the next. The ordinate is displayed as several complete cycles of wind direction, thereby 
permitting a constant comparison of winds as they rotate around the compass. The wind at the 850 mb 
level, however, has two breaks in its trace because it oscillates around the western sector rather than 
rotating around through the eastern sector. This is another indication that the 8S0 mb wind level is 
inadequate as a predictor of plume direction. It appears that the meteorological station estimates the 
cooling tower plume considerably better than the two surface windsets. Indeed, for most observations 
the meteorological station is an acceptable predictor of the cooling tower plume (within 22.5° for 88% 
of the observations). 

An interesting feature of Figure 1 is the shifting back and forth of the six traces. The fluctuations 
tend to lessen with height, with the 850 mb level wind being quite steady in comparison with the others. 
The traces are often aligned in an order corresponding to height, either following the familiar Ekman 
spiral model or some inverse of it. The meteorological station trace is frequently positioned between the 
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Fig. 1. Wind directions as • function of observation number. The ordinate is shown as several complete cycles to facilitate a 
continuous comparison between the winds. 

surface windsets and the cooling tower plume, suggesting that its effective height also lies between the 
two. In terms of absolute height, the windset at the meteorological station is ~ 3 5 m above the mouth of 
the cooling tower; but since the elevation is greater at the former site and since plume rise should also be 
considered, the relative order of the wind direction traces is as expected. Only three periods of 
precipitation occurred during the field study, as denoted in Figure 1. This was unfortunate since the 
objective of the observations was concerned primarily with wind relationships prior to and during 
storm events. The available data points are too few to draw any conclusions regarding relationships 
during storms. 

Another analysis was performed by computing the correlation coefficients between five of the six 
wind directions. The 850 mb level wind direction was subtracted from each of the three windset 
measurements and two plume observations to obtain five angular differences for each time of 
observation (providing none of the data were missing). This technique of sacrificing one set of wind 
directions allows the remaining five sets to be readily correlated. The results are presented in Table II. 
The highest correlation is between the two surface windsets, and the lowest correlation involves the 
second surface windset and the cooling tower plume. The correlations indicate that the meteorological 
station with its higher coefficient is a better predictor of the cooling tower plume direction than the two 
surface windsets. 

The previous results have shown that out of the available measurements, the meteorological 
station has best estimated the cooling tower plume direction. Concern has existed, however, regarding 
the topographical influence on the wind direction measured at the meteorological station because it is 
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Table II. Correlation coefficients between wind directions 

Surface 
windsel 

No. 1 

Surface 
windset 
No. 2 

Meteorological 
station 

Coo l ing 
tower 
plume 

Smokestack 
plume 

Surface windset 1.000 0.995 0.922 0.824 0.824 
No. 1 

Surface windset 1.000 0.906 0.769 0.797 
No. 2 

Meteorological 1.000 0.906 0.906 
stat ion 

Cool ing tower 1.000 0.979 
plume 

Smokestack 1.000 
plume 

located on the crest of a I20-m hill. For this reason, a comparison was conducted between the 
meteorological station and the cooling tower plume by computing the difference between the two wind 
directions at a given time, 0MEI — 0c.r. (where 6 is in degrees of the compass), and stratifying each 
difference according to the cooling tower plume direction in which it occurred. This technique is quite 
similar to the method used by Weidner and Stearns.8 The differences were stratified by cooling tower 
plume direction since the plume was assumed to be uninfluenced by the topography. Figure 2 displays a 
graph of the mean differences, 0MET — 0c.r.; note that because of the limited number of observations, 
some directions contain no points and others are based on one to nine observations. The only direction 
which appears somewhat out of line is SSW. The other graph depicted in Figure 2 is the mean absolute 
value of the differences, I0mei — OCT. I. Large values (too great to be explained by a difference in effective 
heights) occur in the SSW and SW directions, each the mean of three observations. A check of the 
absolute value of the differences, I 0MET — 0c. T. I, for all observations reveals six cases with magnitudes of 
45° or more: three with the cooling tower plume direction from the SW and one each from the 
directions of S, SSW, and NW. 

Because of the sparsity of data, the differences were grouped together by quadrants; for example, 
the four cooling tower plume directions S, SSE, SE,and ESE were combined to form the SE quadrant. 
Table III presents for three quadrants (the NE quadrant contained only two observations) the 
calculations of 0MF.T — 0C.T., I0MET — 0c. R.I, the standard deviation O ( 0 M E r — gc/,-), and the number of 
observations, n. The values of I0MET — 0C.T.I and A ( G M E T - 0 C T ) , are substantially greater for the SW 
quadrant than the other quadrants. It should be noted, however, that n o f t h e S W quadrant is about half 
of the other two. 

Results of the comparison between the meteorological station and the cooling tower plume 
indicate signs of a topographical influence on the wind direction recorded by the former for cooling 
tower plume directions from the S W quadrant. It should be emphasized that due to the small number of 
observations, no definite conclusions can presently be drawn; further observations are planned in an 
upcoming field study. Moreover, assuming a topographical effect is present for ambient southwesterly 
winds, a physical explanation is difficult if the other quadrants are not also affected because the hill is 
located in the SW corner of a "matrix" of other hills of similar height which would seem likely to 
influence wind direction at the meteorological station for ambient winds from other quadrants. At any 
rate, current speculation on the cause of a topographical effect is that the southwesterly flow is 
channeled through the small valleys to the north and east of the hill, and this shifting of f low in the 
valleys influences the flow at the crest of the hill. 
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Fig. 2. Mean differences, 6MET - 0C.T~, and mean absolute values of differences, IAMET - SC.T. I, as a function of cooling 
tower plume direction, 9C.T. • 

Table III. Wind direction differences 
grouped by quadrants 

Quadrant 0MET — 0C.I. '0ME1 — flc.l. 1 CT(0Mtr - 0c. 1.) n 

SE 0.0 15.9 21.0 17 
SW - 7 . 5 42.5 68.4 9 
N W 5.9 I I . 7 16.9 23 

CONCLUSIONS 

Observations were made of the cooling tower and smokestack plumes at Plant Bowen in 
northwestern Georgia for comparison with wind measurements at heights from the surface to 850 mb. 
This investigation was directed primarily toward determining the relationships between observations 
and measurements of wind direction prior to and during storm events. Based on the results of several 
analyses, the meteorological station was found to be a better predictor of the cooling tower plume 
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direction than the surface windsets or 850 mb level winds. A possible complication is an apparent 
topographical influence on the wind direction measurements of the meteorological station situated on 
top of a hill. The influence is only noticeable, at least from the available data, for cooling tower plume 
directions (assumed to be the ambient flow) from the S W quadrant. Further observations planned for a 
future field study should answer existing questions concerning the best measurement or combination of 
measurements for plume directions prior to and during storm events and the extent of a topographical 
effect on the wind direction at the meteorological station. 
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