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DIFFUSION UNDER LOW WINDSPEED, INVERSION COI\IDI'I‘IC)NS:L

Jerrold F. Sagendorf
C. Ray Dickson

ABSTRACT

Recently there has been much interest in diffusion characteristics
of a stable atmosphere with light winds. The frequency and character-
ization of these "poor" diffusion conditions is important in predicting
the environmental impact of a power-generating facility.

A series of diffusion tests conducted under stable conditions
with windspeeds less than 2 m/sec is described. The results of these
tests indicate that diffusion was enhanced by horizontal fluctuations
in the wind direction. Measured peak concentrations averaged about
8 times less than the predicted values. Alternate methods of predicting
concentrations are explored, which seem to give more realistic results
for low windspeed, inversion conditions.

1. INTRODUCTION

In recent years there has been a marked increase in man's awareness
of the quality of his environment. At the same time, the energy crisis
has made the need for more power-generating facilities only too apparent.
To study the impact of a proposed power-generating facility on the en-
vironment, it becomes necessary to determine the atmospheric dispersion
characteristics in the area surrounding the facility. The common method
of calculating dispersion assumes the material is transported in the
mean wind direction, at the mean wind speed, while being dispersed by

atmospheric turbulence. Under the present diffusion categorization

method (NRC Regulatory Guide 1.23) the highest concentrations from a

1
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ground-level source are calculated with a stable atmosphere and near
calm winds. In fact, the calculated concentrations approach infinity as
the windspeed approaches zero.

This memorandum describes a series of 14 diffusion tests conducted
under stable conditions with light winds over flat, even terrain. This
is the first of a series in a comprehensive program to experimentally
determine actual dispersion characteristics under "limiting" meteorologi~
cal conditions. The second phase of the program involves assessing dif-
fusion parameters under the same meteorological conditions as above, but
over wooded, hilly terrain. The data for this phase has recently been
collected in a test series conducted along the Clinch River near Oak
Ridge, Tennessee. Phase three will consist of examining the effects of
buildings in the flow pattern over flat terrain with a range of wind-
speeds and stability conditions. It is planned that a fourth stage will
consist of tracer tests performed at actual nuclear power plant sites
with different topographical features. The uniqueness of this program
also involves the use of dual tracer releases (ground and elevated),
concentric 360° sampling ares of from 100 to L40Q m in radius, and ele-

vated as well as ground level receptors.

2. METHODS AND INSTRUMENTATION
The field tests were conducted at the Idaho National Engineering
Laboratory (INEL), formerly the National Reactor Testing Station, in
Southeastern Idaho. The INEL is located in a broad, relatively flat

plain at an elevation of about 1500 m szbove sea level. The climate is



dry and the area has semidesert characteristics (Yanskey et al., 1966).
The test criteria were a stable lapse rate with winds less than 2 m/sec.
These test conditions were most often met in the early morning hours.

Because of wind direction variability, it was felt that a full 360°
sampling grid was necessary. Arcs were laid out at radii of 100, 200,
and 400 m from the grid center. Samplers were placed at intervals of 6°
on each arc for a total of 180 ground level sampling positions. After
examining results from the early tests it became apparent that elevated
samples would also be desirable. Eight towers, spaced 20° apart on the
200-m arc, were supplied with samplers at the 2, L.5, 6, and 9 m levels.
These provided some elevated measurements during the last four tests.
The grid was divided into quadrants and wired so that a single switch
could turn on and off all the samplers in a giveﬁ gquadrant. The grid
layout of tower and sampler positions is shown in figure 1. A sampler
consisted of a battery-operated pump used to pﬁll air into a tedlar bag.
The pump, batteries and bag were enclosed in a protective case with the
air intake at an elevation of 0.76 m (fig. 2).

The tracer, SF6, was released at a height of 1.5 m. The l-hr aver-
age concentrations were determined by means of an electron capture gas
chromatograph. Lovelock et al., (1971) has reported on this type of
system, To provide for visual cbservation of the plume, a cloud of oil
fog was released simultaneously, with the assumption that the oil fog
and the SF6 plumes travelled together. As will be shown later, this
appeared to be a valid assumption. The oil fog proved very useful in

determining which quadrants to turn on and when to turn the samplers off.
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Figure 1. Sampler (), tower (A), and 61-m meteorological tower (¥)
locations on the grid.
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Wi easurements were provided by lightweight cup anemometers and
bivanes at the 2, L4, 8, 16, 32, and 61 m levels of the 6l-m tower loca-
ted on the 200-m arc. The temperature profile was also measured at the
1, 2, 4, 8, 16, 32, .and 61 m levels.

Of the total of 1k tests conducted, tests 1, 2, and 3 were shake-
down tests df equipment and procedures. Tests L through 14 are summar-
ized in table 1. It should be noted that test 6 fell in the neutral
rather than a stable atmospheric_stability category. The results of
test 6 are included for comparison.

Table 1. Test Series

Time ~ AT/b2* Ut Ogt Plume Spread

Test (MST) Date (€°/100 m) | (m/sec) (deg) (deg )+t

b 06k2-0Th2  2/7/Th 18.1 67 1.1 1201 148

5 0630-0730  2/8/Th 21.00 ¢ 7 0.88 8.4 1k)

6 0646-0746  2/9/7h 2.1 P9 129 1156 36

T 0630-0730 2/12/74 8.10 ¢ 7 0.90 22.28 96
8 0630-0730  2/21/7h 0.61 £ ¢ o0.715  72.08 360

9 0530-0630  3/21/7h 0.58£ % 0.80 17.92 54

10 0L458-0547 4/17/7h 1 8.89 6/ 1.66 21.66 102

132 & 0146-02k46 L/30/74 6.67 G 7 1.92 37.91 138
12 0b11-0511 L/30/Th 5.42 & 7 1.08 60.18 156
13 ok22-0522  5/3/7k 3.9/ £ 1.61  11.70 8l
1k 0345-0L)s 5/22/7hL 10.024& 7 1.47 18.69 60

¥ Measured between 32 and 8 m at the 6l-m tower
t Measured at the b-m level at the 6l-m tower

T1 Plume spread determined as the sector width in degrees over which
SF6 was detected at the 200-m arc.



3. GAUSSIAN DIFFUSION

To mathematically describe diffusion, a common approach is to assume

a Gaussian distribution of material in the plume. The equation becomes

2 2 2
g Q 5y % [z=-E) 3 z+H_)
X(x,y,23H) = Ewcycz T (;y € s . T o » (1)

where X

i

H

z / z
concentration of material (units/mB)

distance in mean wind direction (m)

distance in crosswind direction (m)

distance in vertical direction (m)

source strength (units/sec)

mean windspeed (m/sec)

standard deviation of material in the y direction (m)

standard deviation of material in the z direction (m)

effective emission height (m).

In addition to the assumption of a Gaussian distribution, (1) assumes no

material is removed from the plume, there is total reflection at the

surface, and the mean wind is representative of the diffusing layer. By

specifying the standard deviations, the concentration of material within

the plume can be described.

The work of Pasquill (1961) and Gifford (1961) has simplified the

procedure of determining standard deviations by defining atmospheric

, stability classes dependent upon insolation, cloud cover, and windspeed.

- Standard deviations of material along the y and z axis can be determined

as functions of stability class and distance from the source. Figures 3



and b are graphs from Turner (1970) with the G curves added by extrap-

olation. Objective means to determine the atmospheric stability class

are in common use. Two such methods are defined in table 2 (NRC Regula-

tory Guide 1.23). In table 2, Iy is the standard deviation of the hori-

zontal wind direction over a period of 15 min to 1 hr, and AT/AZ is the |

temperature gradient. Intuitively, it would seem that o, may be related

8
-to Gy and AT/AZ to o, in (1). The usual practice, however, is to deter-
mine both Uy and a, from only one parameter, either 0y OT AT/AZ. Using
AT/AZ, for example, implies that if diffusion is restricted in the verti-
cal, as in an inversion case, it should also be restricted in the hori-
zontal. TIn general, the results from the low windspeed tests indicate
that under the test criteria this is not a good assumption. Table 3
summarizes the results of using AT/AZ and 9g to determine stability

categories as defined in table 2 from the tests summarized in table 1.

Table 2. Stability Categories
Pasquill

Classification Category Ue(degrees) AT/&Z(OC/IOO m)
Extremely unstable A 25.0 -1.9
Moderately unstable B 20.0 -1.9 to -1.7
Slightly unstable C 15.0 -1.7T to -1.5
Neutral D 100 -1.5 to -0.5
Slightly stable E 5.0 -.5 to 1.5
Moderately stable F ' 2.5 1.5 to 4.0
Extremely stable G 1.7 > k4.0
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Table 3. Comparison of Classification Methods

GlL3 L3 1
X

[42]
s&8 Eg|l1}1 |
U °

[T 1
b O <
D
-~ H &
~ a
e
36 B
P 3

A B C D E F G !

Stability class defined by g {
{

As may be seen from table 3, in only one case did the two methods
agree on the stability class. The stabilities determined by AT/AZ were
never unstable, while the stabilities determined by 0, Were never stable.
Seven of the tests were conducted under type G conditions according to
AT/AZ. Measurements of g however, indicated three of these tests be-
longed in type A, three in B, and one in D. In other words, 86% of the =
tests were classified as extremely stable according to AT/AZ measurements
were at least moderately unstable according to g measurements. This
seems to indicate that a split sigma approach, where Uy is determined by
o4 and o is determined by AT/AZ, may be desirable. A second set of
curves derived by Markee (Yanskey et al., 1966) from diffusion experi-
ments at the INEL are presented in figures 5 and 6. These curves are
based on effluent releases of 15 min to 1 hr and once again G curves are
added by exﬁrapolation. It should be noted that unlike figure L the
values of Uy in the stable categories in figure 6 increase with increas-

ing stability. This represents the contribution of horizontal plume

meander under stable conditions.
10
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L. TEST MEASUREMENTS

Figures 7 through 17 are contour plots of the hourly concentrations
for each test. The effect of plume meander becomes very apparent in
these figures. The instantaneous oil fog plume was generally observed
to be on the order of 10 to 150 in width at the 200-m arc. Over the
hourly testing periods under stable conditions, however, SF6 was detected
at the 200-m arc over a range from 48° in test 4 to the full 360° in
test 8. It is believed that the oil fog and SF6 plumes were very nearly
coincident.

In each test the SF6 was released at a rate of 0.032 g/sec, at a
height of 1.5 m and sampled on the grid at a height of 0.76 m over a l-hr
period. Initially this arrangement was assumed to approximate a ground-
level source and receptor. During the actual tests, however, the oil
fog plume was observed to develop a tilt as it traveled downwind. Fig-
ures 18 and 19 are photographs showing this tilted behavior. The left
side of the plume is on the ground, while the right side is elevated.
This tilt developed whenever the wind direction became comparatively
steady. Barad and Fuguay (1962) also observed this effect at the Hanford,
Washington site. To determine whether the SF6 plume was coincident with
the tilted oil fog plume, a number of attempts were made to obtain simul-
taneous 30-sec grab samples in and underneath the tilted edge of the
plume. These samples were obtained when the tilted plume passed close
by one of the 200-m arc towers in such a way that the tower protruded
into the lifted edge of the plume. One man would climb 4 or 5 m up the

tower and sample in the oil fog while another would obtain a simultaneous

12



sample at the foot of the tower. In practice, it was difficult to catch
the plume in position and have it remain steady long enough to obtain
the samples. The results of the samples are included in table L. The
sample pairs are designated by the test number during which the sample
was obtained, and a letter. The comments recorded at sampling time in-
dicate that only samples 11(a), 12(b), and 13(a) were good tilt cases.
The ratios in these samples indicate that the SF6 concentration was much
higher in the oil fog than underneath it. Samples 13(b) and 13(e) are
also interesting. In these cases the plume shifted across the tower.
The man on the tower obtained a cross-sectional sample of the lifted
gdge of the plume, while the man at the foot of the tower obtained a
similar sample of the lower edge. The concentrations in both samples
from both cases are essentially the same. These results imply that the ;
SF6 and the oii fog plumes were coincident and partially elevated. The
tower samples taken on the 200-m arc during tests 10 through 1k also
confirmed that the plumes were elevated. The tower samples were rather
widely spaced and the information from them is incomplete, but they
indicate that the maximum concentrations were usually measured at the
2 or the 4.5-m levels. This agrees with what one would expect from
observing the oil fog plumes. The ground and tower sample measurements
are included in the data appendix.

Table 5 is a summary of the tower wind measurements. It may be
noted from table 5 that during all but two of the tests the wind, at
least in the lower levels, veered with height in the manner of the

Ekman spiral (Ekman, 1905). The two nonconforming tests were 6 and 1h.
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Table k. Tilted Plume Grab Samples

Sample Grou%& Tower Ratio

pair (g/m”) (g/m3) Tower/ground Comments

11 (a) 2.00x107" 6.63x10™° 332 Very good tilt case

11 (p) 6.29x107° 5.99%x107° 0.95 Questionable, plume
not steady

12 (a) 5.h7x10'6 6.76x10"° 12.4 Questionable, plume
not steady

- =4

12 (b) 3.31x10 6 1.05x10 31.7 Good tilt case

13 (a) 1.07x107 " 2.69x10_6 25.3 Good tilt case

13 (b) 8.13x107° 8.45x10™° 1.0k Plume passed across
tower

13 (e) 8.00x10~7 8.26x10"° 1.03 Plume passed across

tower

Test t wuas the neutral case, and cne might expect the more thorough mix-
ing in this case to reduce the vertical directional wind shear. There
is a small knoll, about 5 m in elevation, located about 800 m north-
northeast of the grid apex. The flow coming around this knoll may be
responsible for the backing of the wind with height evident in test 1k.
Cn occasiéns during the test series, segments of the oil fog plume
were cobserved to become stationary smoke puddles. This was believed to
be caused by winds becoming calm in the area of the puddle. One might
expect this puddling to result in localized areas of higher concentra-

tions.

5. MODEL COMPARISONS
The measured concentrations from this test series are compared with

concentrations predicted by (1). Based on the tower measurements and
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Table E. Wind Measurements

Test # 2-m 4-m 8<m 16-m
DD 234 245 252 230

T4 v 0.7 1.2: o= 1.5
A 13.6 12.0 7.7 11.5

DD 210 215 247 263

5 vV 0.8 0.9 12 2.2
o, 28.4 28.4 22.3 16.6

DD 20 25 18 17

6 vV 1.2 1.2 1.2 1.6
9y 11.4 11.6 9.4 8.8

DD 227 228 240 354

7 vV 0.6 0.9 0.4 0.5
9q 23.9 223 34.4 20.1

DD 297 314 337 10

8 vV 0.5 0.8 0.6 1.2
O 49.6 72.1 £o.5 15.3

DD 327 340 355 10

9 vV G.5 0.8 0.9 1.6
%4 21.4 17.9 14.6 13.9

DD 181 197 207 Z12

10 Vv 1.1 1.7 2.1 3.2
o4 24.8 21.7 13.0 6.2

‘ DD 265 271 279 291
11 vV 1.4 1.9 2.3 Z2.9
O g 37.6 37.9 35.1 31:5

DD 260 278 334 335

12 Vv 0.7 1.1 1.1 1.6
O 28.8 60.2 92.6 74.2

DD 2 5 16 30

13 LAY 1.0 1.6 2.0 3.0
9q 12.D 11.7 11.7 i) 5 4

DD 39 37 29 24

14 Vv 1.0 1.5 2.0 3.5
o 17.2 18.7 5.7 J2.2

a

DD is wind direction in degrees
VV is wind velocity in m/sec

g is standard deviation of wind direction

A1l values are averaged over the test period
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the observed oil fog plume, an average effective emission height (H) of
3 m is assumed and wind measurements from the lL-m level are used. The
receptor height (Z) was .76 m. As has already been noted there are a
number of methods available for selecting °, and Uy values. Some of
these different approaches are compared. In the first, the standard
method, the stability class is determined by the average temperature
gradient during the test period as defined in table 2. Both o, and oy
are determined from this single stability class using the curves from
figures 3 and k. Normalized concentrations (XU/Q) calculated by this
approach are compared to the measured results in figures 20 through 30.
These figures portray the XU/Q values versus bearing in degrees from the
release point. The solid lines connect the measured values, while the
dashed lines represent the calculated values. It should be mentioned
that samplers were not available for the northwest quadrant of the 100-m
arc for tests 4 through 8. Concentration values were linearly interpo-
lated into this sector for tests 5 and 8, the only cases where the oil
fog indicated material was transported into the sector.

Using this approach, the calculated plume is consistently more
narrow with peak values higher. In some cases it is even difficult to
determine an average direction of transport over the test period. Note
for example, test 8 (fig. 24) where material was spread in every direc-
tion; an average wind direction then becomes meaningless.

The second method is the split sigma approach. In this method c,
is determined by the temperature gradient as in the standard method,

but oy is based on a stability class determined by the standard deviation

24



of azimuth angle over the;test period, as defined in table 2. Figures

31 through 41 contain the results of these calculations. Significant
improvement is shown over the standard method. The calculated peak
values ar; now much closer to the measured values and the calculated
plume widths, though generally still too narrow, and more closely approx-
imate the measured plume.

The third procedure is similar to the standard method, except that
the values of Uy and o are derived from Markee's curves (figs. 5 and 6)
developed at the INEL (Yanskey et al., 1966). This is termed the stan-
dard (INEL) method. The results of these calculations are illustrated
in figures L2 through 52. Overall, this procedure gives results that are
quite comparable with the split sigma method. In test L4 the standard
(INEL) method plume is too wide and therefore underpredicts the peak con-
centration, but in tests 6 and T it gives remarkably good results. Evi-
dently the use of this method, which allows for plume meander, signif-
icantly improved the standard method under the test conditions, however,
Markee's curves were developed at the INEL and, therefore, may not be
applicable in other areas.

The final approach considered is the segmented plume method. A
simple way to account for plume meander is to divide each test into small
intervals and make separate calculations for each interval. Eq. (1),
again with H= 3 m and Z = .76 m, was used to calculate the concentra-
tions received at each sampler position from the plume segment during
o-min intervals and the results summed to determine the total concentra-

tion. The 2-min time interval was thought to be short enough to describe
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the meandering.flcw patterns and yet contain enough data points (L0) to

calculate reasonable means apd standard deviations. The stability class
for each test was determined from the average temperature g:adient meas-
ured over the test period and o, was determined from figure L4 as in the

other models. It was desired to obtain Uy for the 2-min intervals from

measurements using a relation of the form

o, = ag xb. (2)

The above relétion has been used at the INEL for 15-min to l-hr »eleases
with a = .035 and b = .8? (Yanskey, et al., 1966). It is assumed that
the 2-min interval mean wind directions would more closely follow the
plume centerline than mean wind directions based on 15-min to l-hr data.
Therefore, comparing concentrations from 2-min plume segments to concen-
trations received over periods of 15 min to 1 hr would be similar to
comparing peak-to-mean concentrations (Gifford, 1960). Hilst (1957)
found an average peak-to-mean ratio of 2.28 at a distance of 200 m.
Using this as a guide, it was felt reasonable to reduce the values of a
in (2) by a factor of 2. The equation used to relate Uy to Ue for the
2-min intervals was thus,

o, (3)

cy = 017 Og X

Table 6 contains the calculated 2-min values of O averaged for each

windspeed class. For windspeeds greater than 0.8 m/sec, o generally

8

averaged between 4 and 5 m. For winds less than 0.8 m/sec, g values
became more variable but tended to increase with decreasing windspeed

Average windspeeds less than 0.2 m/sec were likely below the instrument's
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Table 6. Calculated 2-min values of o

6
Number of Wind speed Average o Standard deviation
cases (m/sec) (m) ° (m)
6 0.0 - 0.2 6.0 7.0
10 0.2 - 0.4 153 8.2
20 0.4 - 0.6 10.1 8.6
29 0.6 - 0.8 6.2 ;5
52 0.8 - 1.0 h.s 2.8
L2 140 o L2 57 k.9
39 1.2 = 1.k L.8 2.5
L5 1.b - 1.6 L.oh 2.3
36 1.6 - 1.8 4.8 2.3
29 ) 1.8 - 2.0 oo 2.0
10 2.0 - 2.2 4.3 2«5
1 2.9 = 2.k 6.5 -
2 2.h - 2.6 7.0 3.5
2 2.6 - 2.8 4.5 0.0
1 2.8 - 3.0 4.5 -
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threshold much of the time and therefore the O values show a sharp de-
cline for this windspeed class. To handle this difficulty in the seg-
mented plume model, Oq Was not allowed to be less than 10° when U was
less than 0.2 m/sec. As a further precaution, any values of U less than
0.2 m/sec were increased to 0.2 m/sec to avoid dividing by a value
approaching zero in (1). Figures 53 through 63 contain the results of
the segmented plume calculations. This model shows considerable improve-
ment in test 8 over the other models. Notice also the rather fine de-
tails the model picks out in tests 10, 11 and 1k. The model assumed
that a plume segment would continue in the direction it started and cross
all three arcs. In test 12 this assumption is invalid. It can be seen
from figure 61 that some S8F, reached the 100-m arc in the sector between
180° and 3h00, but it never reached the 200 or 400-m arcs. The model
predicted a significant amount of SF6 in this sector at all three arcs.

Tables 7, 8, and 9 compare the calculated with the measured peak
values at the 100, 200, and 400-m arcs, respectively. It is apparent
from these tables that the standard method, which may be the approach
most generally in use, significantly over-predicted concentrations for
the diffusion conditions under which these tests were conducted. Using
either a split sigma approach or the INEL standard sigma curves signif-
icantly improved the centerline concentration calculations. The seg-
mented plume method was the most realistic in both predicting centerline
values, as well as the horizontal spread of the plume.

It may.be noted from tables 8 and 9 that during tests T, 8, and 11

higher centerline concentrations were measured at L00 than at 200 m.

Stagnation or "puddling" may have been responsible.
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Pable- f. . IO B . e e, SR
xU /ax103 )
a b c d e b/a c/a d/a el/a
L 5581 1k.9 L.98 2.27 2.28 257 0.86 0.39 0.39
5 1.36 1k.9 1.48 2.27 2.0k 10.96 1.09 1.67 1.50
6 2.61 6.94  6.9L 3.67 3.40 2.66 2.66 1.4 1.30
T 1.26 14.9 2.10 2.27 1.29 11.83 1.67 1.80 1.02
8 .586 10.4 2.32 3.61 1:16 IS 3.96 6.16 3.00
9 1.09 10.4 3.23 3.61 2,76 9.54 2.96 3.31 2.53
10 2.41 1k.9 240 2.27 1.60 6.18 0.87 0.94 0.66
0 2.32 1haB 1.48 28T 1.59 6.L42 0.64 0.98 0.69
12 2.00 1L.9 1.48 2.27 1.52 7.45 0.7h T:1h 0.76
13 3.16 15,3 7.66 3.18 2.99 L. 8l 2. k2 1.01 0.95
1k 2.81 14.9 210 2.27 1.62 S 30 DTS 0.81 0.58
T-TT 1.69 1.78 1.22
Measured = a
Standard = b

Split Sigma = ¢
Standard (INEL)
Segmented plume

o
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Table 8. 200-m arc
XU/Q x 1072 (n™?)
a b c a e b/a c/a d/a e/a
4 2.99 12.6 413 1,19 1483 L,21  1.38 0.40 0.61
5 867 12.6 .26 ;19 LT 1k.53  1.45  1.37  1.97
6 972 2.29 .29 1.2k 1.08 2.36 2.36 1.28 31.1%
T .T09 12.6 .T5 1.19  1.07 TT9T 2«47 268 351
8 .315 3.85 .886 1.53 665 12.22 2.81 L4.86 2.11
9 .568 3.85 .23 1.53 .966 6.78 2.17 2.69 1.T0
10 1.80 12.6 «T5 .19 127 "7.00 0.97 0.66 0.7
adk | 1.09 18.6 .26 1.19  1.26 11.56 1.16 1.09 1.16
12 17T 12.6 .26 1.19 1,25 7.12 ©0.71 0.67 0.71
13 2.30 T.84 .90 I.56 .45 3.4 1.70 0.68 0.63
1L 1.50 12.6 iT5 1.19 1.30 7.92 1.10 0.75 0.82
8.63 1.66 1.h7 1.19
Measured = a
Standard = b
Split Sigma = c
Standard (INEL)

Segmented plume

non
ja 1]
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Table 9. L400-m arc

XU/Q x 107> (n~2)
a b c a e b/a c/a d/a e/a
4 g 5.69 1.92 .615  .822 3.87 1.31 0.4 0.56
5 .30k 5.69 .592 .15 .800 18.72 1.95 2.02 2.63
6 .293 .69k .69k .433  .308 2.37 2.37 1.8 1.05
T .01 12.6 .818 .615 .Lk92 12.L8 0.81 0.61 0.k9
8 .328 1.29 .296  .622 .22k 3.93 0.90 1.90 0.68
9 .392  1.29 409 622 .296 3.29 1.04 1.59 0.76
10 .708 5.69 .818 .615  .560 8.0k 1.16 0.87 0.79
11 .10 5.69 .592  .615  .549 517 0.54 0.56 0.50
12 .99L  5.69 .592  .615 .566 5.72 0.60 0.62 0.57
13 3T 2.82 1.1 .T33 .502 2.06 1.03 0.5k  0.37
1L .302  5.67 .818 .615 .584 18.77 2.71 2.0 1.93
T.67 1.31 1.15 0.9k

Measured = a

Standard = b
Split Sigma = c

Standard (INEL)
Segmented plume

nn
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6. SUMMARY AND CONCLUSIONS

This test series was designed to examine diffusion under inversion
conditions with light winds. It has long been recognized that vertical
diffusion is suppressed by a stable atmosphere. The light winds that often
accompany temperature inversions are also generally assumed to restrict
diffusion. Wind direction under light winds, however, is very often un-
steady. The variability of wind direction, which has been referred to as
meander, enhances horizontal diffusion. In this test series the restricted
vertical diffusion resulted in the enhanced horizontal diffusion with the
result that the standard method of calculating ground-level concentrations
resulted in overpredicting the measured concentrations by an average factor
of about 8.

The oil fog plumes in these tests were observed to tilt in the manner
of an Ekman spiral so that the lifted side was elevated about 5 or 6 m above
the surface. Since the plumes were partially elevated, this tilt effect also
resulted in reduced ground level concentrations. An attempt to account for
the plume tilt was made by assuming an average effective plume height of
3 m for all calculations.

On some occasions, in these near-calm conditions, plume segments be-
came stationary puddles lying in some areas of the grid. Prolonged episodes
of "puddling" could result in localized areas of higher concentrations.
There were some tests where higher peak concentrations were measured at
400 m than at 200 m and this might be due to puddling.

These studies took place in a rather flat plain with semidesert
characteristics. The results may therefore not be applicable to other

areas with differing types of terrain and climate. A similar test series

76



has been conducted in a wooded, hilly area in eastern Tennessee and these

results will soon be available for further comparisons.
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DATA APPENDIX
Tower Samples xU/Q x 10_5(m‘2)

Tower .76-m* 2-m 4.5-m 6-m 9-m

Test #10 1 119.6 188.5 - - 3.6
2 0.0 0.5 1.6 0.5 -
Test #11 1 8.4 12.5 12.0 22.5 9.9
2 46.5 96.5 8 14.4 4.0
3 109.0 123.1 200.4 0.7 1.4
4 88.8 - 190.0 168.8 -
5 19.1 85.8 80.6 32.7 8.1
Test #12 1 30.9 47.4 65.1 126.2 11.5
2 177.4 113.6 119.1 - 115
3 105.4 126.0 67.6 - 15.6
- 4.7 - 57.7 92.3 -
5 0.0 9.0 23.8 16.4 6.1
6 0.0 9.2 - 9.7 6.0
7 0.0 - 16.0 - 8.2
8 0.0 - - eh.8 6.7
Test #13 7 159.9 - 181.9 - 0.7
8 100.5 162.3 131.2 66.1 0.9
Test #14 8 33.4 49.2  30.6 61.6 45.1

* The .76-m value is obtained from the nearest ground sampler

- Indicates a missing value
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