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MEASURED VERSUS EMPIRICAL TECHNIQUES TO DETERMINE 
THE PLUME SIGMA-Y FOR GROUND SOURCES

Isaac Van der Hoven

Abstract. Three empirical techniques, namely, the AT/AZ, a@, and 
AT/AZ adjusted by a wind meander factor, were used to predict the 
crosswind plume concentration standard deviation (ay). Ratios of 
measured to predicted ay were formed. The AT/AZ technique adjusted 
by a meander factor showed the best agreement with measured values.

1. INTRODUCTION

In a previous report Van der Hoven (1981) compared measured crosswind plume 
concentration standard deviations (ay) with those computed by an empirical 
classification technique based on the temperature gradient in the vertical as 
suggested by the Nuclear Regulatory Commission (1980) in their Regulatory Guide 
1.23. The Guide also suggested a second technique based on the standard devia­
tion of measured wind directions. Further, a modification to the temperature 
gradient classification is suggested by the Nuclear Regulatory Commission (1979) 
in Regulatory Guide 1.145 whereby a correction factor is applied to the ay value 
to account for horizontal wind direction meander under low wind speeds and 
stable to neutral temperature gradients. In all three techniques the numerical 
value for Oy is based on the Pasquill (1961) classification as described by 
Gifford (1961). In addition, as quoted from Regulatory Guide 1.145, "for pur­
poses of estimating ay during extremely stable (G) atmospheric conditions, 
without plume meander or other lateral enhancement, the following approximation 
is appropriate:

ay(G) = 2/3 ay(F)",
where F is the most stable condition of the Pasquill classification. It is the 
intent of the present study to compute cry by the three techniques using mete­
orological data from a series of tracer field experiments and compare them with 
actual measurements of oy

2. DATA BASE

The data base used in this study was the series of tracer field experiments 
listed in Table 1. Only the ground releases were used. Plume concentration 
measurements were available at arc distances ranging from 100 to 3,200 meters. 
Terrain characteristics ranged from the flat, desert terrain in Washington and 
Idaho to a mountainous, wooded site in Tennessee. A coastal site and actual 
operating reactor sites were also used. Meteorological measurements were 
obtained from towers at or near the point of tracer release. Extracted from the 
reports were the following data:

1) measured Oy value along each sampling arc



2) temperature profile in the vertical

3) standard deviation of the horizontal wind direction

4) wind speed

Wind speeds were usually measured at a height of 10 meters while temperature 
gradients were measured between 10 and 40 meters. Tracer gas releases were 
usually over a one-hour period. In all, there were 369 measurements of Oy.

3. DATA ANALYSIS

Measured versus predicted ratios of ay were computed for each hourly tracer 
release, sampling arc, and classification scheme. These ratios were then 
averaged for each site and for each classification scheme and are shown in table 
2. Also shown is the standard deviation of the ensemble average. A grand 
average ratio is also shown combining all the sites.

As a function of arc distance, the ratio values were plotted for each site 
as shown in figures 1, 2 and 3. The plotted symbols are identified according to 
site as shown in table 2.

4. DISCUSSION

All other factors being equal, a measured to predicted ay ratio greater 
than 1 indicates a conservative prediction since this would predict a higher 
concentration than was measured. Ratios less than 1 would predict a lower con­
centration than was measured and thus would be viewed as nonconservative.

As shown in table 2 and in figures 1,2 and 3, none of the Cy ratios were 
less than 1, so one would conclude that on average, all of the three ay predic­
tive techniques were conservative. On average, using the temperature gradient 
(AT) technique as shown in figure 1, the River Bend, Clinch River and Rancho 
Seco sites indicated considerably larger ratios than the Idaho, Hanford and San 
Onofre sites. However, when modifying the AT technique by the meander factor as 
shown in figure 2, the ratios of all the sites show considerably better agree­
ment on average, ranging from 1.01 to 2.35 as a function of arc distance. 
Similarly, using the horizontal wind standard deviation (eg) the average 
measured to predicted average ratio ranged from 1.47 to 2.66. The similarity 
between figures 2 and 3 should not be surprising since the standard deviation of 
the wind direction would also include the lower frequency meander when averaged 
over an hour.

As a measure of the scatter of the individual ratios around the average, 
the standard deviation was computed and are shown in table 2. The greatest 
amount of scatter occurred when using the AT diffusion classification scheme, 
which, as an average of all the sites, was 4.03^3.32. In a statistical sense 
the interpretation would be that 68% of the individual ratios were between 0.71 
and 7.35. The least amount of scatter (1.65+1.01) occurred using the AT 
scheme modified by a meander factor followed closely by the eg scheme with a 
value of 1.95 + 1.14.



An inspection of figures 1, 2 and 3 does not show any clear trend of the 
ratios as a function of downwind distance. The obviously large ratios of 
measured to computed cry values shown in figure 1, as noted in the beginning of 
this section, was probably due to the large number of thermally stable cases 
during the tracer releases at Rancho Seco, Clinch River and River Bend. For 
these three sites, 46 cases were stable, 10 were neutral and 5 were unstable as 
defined by the vertical temperature profile.

5. CONCLUSION

For the real-time assessment of an accidental release of radioactive 
effluents from a nuclear power plant, the use of a Cy value as determined from 
the temperature change with height (AT/AZ), which has been adjusted for wind 
direction meander, appears to agree more closely with measured Oy values as 
determined from a series of tracer field experiments. The oq approach to deter­
mine Oy also does well as shown by measured to predicted ratios. However, this 
technique has the problem in that at wind speeds below the starting speed of the 
anemometer, the vane is not moving and ctq cannot be determined. This problem 
can be seen in table 2 where measured oq values were not available at the River 
Bend and Clinch River sites because of the very low wind speeds during stable 
conditions. Except for the San Onofre site, the highest measured to predicted 
(and therefore the most conservative) ratio occurred using the AT/AZ approach. 
This was also true for the standard deviation of the ratios.
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Table 1. Tracer Field Experiments

Location Reference

Idaho National Engineering Lab., ID Izlitzer et al. (1963) 

Sagendorf et al. (1974) 

Start et al. (1980)

Pacific Northwest Labs., WA Nickola (1977)

Three Mile Island Reactor Site, PA Metropolitan Ed. Co. (1972) 

River Bend Reactor Site, LA Gulf State Utilities (1974) 

Clinch River Reactor Site, TN Wilson et al. (1976)

San Onofre Reactor Site, CA Septoff et al. (1977)

Rancho Seco Reactor Site, CA Start et al. (1977)
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Fig. 1. Measured versus predicted sigma-y ratios as 

a function of distance and delta-T classification.
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Fig. 2. Measured versus predicted sigma-y ratios as 

a function of distance and delta -T modified by a 

meander classification.
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Fig. 3. Measured versus predicted sigma-y ratios as 

a function of distance and sigma-theta classification.
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