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A series of controlled gaseous tracer releases was conducted
to study terrain effects on atmospheric dispersion, under low wind
speeds, and neutral to moderately stable conditions (as determined
by vertical temperature gradient according to NRC Regulatory Guide
1.23). Analyses of aerial and ground-level samplings of sulfur
hexafluoride and dibromodifluoromethane gaseous tracers used an
electron capture gas chromatograph. Because winds during testing
periods were often below the threshold (approximately 0.3 m s~!)
of sensitive cup and vane anemometers and bi-directional vanes,
mean windspeed measurements were determined by laser anemometry. L
In comparisons of sampled tracer concentration measurements with
Pasquill's predicted values for flat terrain (the conditions of low
windspeed and surface roughness are beyond the expected
range of applicability of the curves) all of the observed axial
concentrations were less than those predicted by the Pasquill-
Gifford curves for the appropriate stability classes. The stan-
dard deviation of lateral plume spread, Ty» averaged 6.0 times
greater than predicted values. This increase is attributable
mainly to wind meander. The derived vertical plume spread sta-
tistic, o_, averaged 5.7 times greater than Pasquill-Gifford pre-
dicted vafues. Roughness of the surface (yegetation and topog-
raphy) enhanced the vertical diffusion. After correcting for
plume centerline elevation the overall average dilution of ground-
fevel peak concentrations was about 29 times greater than would be
predicted for flat terrain. Dilution decreased with increasing
downwind distance and increased with increasing stability. This
dilution increase implies that the ability of the atmosphere to
diffuse the gaseous tracer, under low windspeed conditions, does
not decrease toward zero as the atmosphere becomés strongly stable;
instead, it tends to be bound by some mihimum rate of dilution.
Concentration measurements are provided in a data appendix.

lResearch jointly sponsored by the Energy Research and Development Adminis-
tration (ERDA) Division of Reactor Development and Demonstration (RDD),
under the Interagency Agreement AT(49-5)1289, and by the National Oceanic
and Atmospheric Administration (NOAA).



© 1. INTRODUCTION-

The continuing emphasis upon safety in the design and operation of
nuclear power plants, and the necessity for realism in estimating the pollu-
tion potential to be found at these sites, po1nt to the need for more actual
field data describing atmospheric d1ffus1on “especially under low windspeed
situations.

Current calculation methods aS*described by the U.S. Nuclear Regulatory
Commission (1972) make these limiting conditions (windspeeds less than 2 m s~!
coupled with an inversion) extremely significant to the estimation of pollu-
tant concentration for a ground source at a proposed plant site. When the
Gaussian diffusion equation (discussed in section 3) is used, calculated
concentrations tend to approach infinity as the windspeed approaches zero.
Accurate characterizations of diffusion under these "poor" atmospheric con-
ditions- therefore become necessary in eva]uat1ng the env1ronmenta1 impact of
a proposed power- generat1ng fac111ty

A three- phase program p]an has been 1n1t1ated by NRC and ERDA/RDD in
cooperation with NOAA/ARL to determine microscale (up to 1 km) atmospher1c
dispersion characteristics ‘under varied:conditions. The first phase is to
study terrain effects under low windspeeds with emphasis on inversion condi-
tions. Sagendorf and Dickson (1974) reported on experiments performed over
flat terrain (Part A). This report (Part B) deals with the effects of
rougher terrain. Part C (channe11ng effects as in a canyon or river valley)
has been dealt with by Start et al. (1973, 1975) ‘Phase 2 of the three-
phase- program will study bu11d1ng wake effects Vertica1 dispersion will be
examined in phase 3 ‘ R

1 1 Proaect ObJect1ves"

The p]ann1ng and conduct of Part B of phase 1 were des1gned to provide
results that would compiement the work done in Part A, and also be useful to
those planning and regu1at1ng power installations in- s1m11ar heavily for-
ested sett1ngs The primary objective was to obtain actual field data
of diffusion in rough terrain (e.q., a forest regime) under conditions of
1ight winds (less than 2'm s!) and stable lapse rate. Attention was to
be given to obtaining data useful for making model compar1sons Inasmuch
as the meteorological constraints on the testing were very near the thres-
hold of the standard wind: instruments, the best available instrument technol-
ogy was to be utilized, and sensor locations were to be selected in a manner
that would enhance the sensors' usual capabilities. Thus, the study site,
the sampling and analysis technology, the types and locations of the various
meteorological sensors, and the weather constraints imposed on testing were
all necessary considerations for the successful outcome of the project.
These points are discussed in detail in the paragraphs following.



1.2 Siting

The field study site was on a peninsula of the Clinch River, approxi-
mately 16 miles south of downtown Oak Ridge, Tennessee, and approximately
2 miles upstream from the Oak Ridge Gaseous Diffusion Plan (see fig.
1). The Tand is managed by the Tennessee Valley Authority. The release
point used in the diffusion study (and the geographical center of the samp-
1ing area) was near the center of one of the heavily forested small valleys
or "hollers" that cross the peninsula. Past meteorological monitoring of
the area indicated a high incidence of near calm winds.

/OAK RIDGE

/
{ TENNESSEE '}
/ KNOXVILLE

STUDY SITE

Aerial View of Pl

Study Site

KILOMETERS

ssmesansraniee Power Line
————— Road

QWMWE Higher Terrain

Figure 1. Location of field study site.



2. TEST PROCEDURES
2.1 Sampling Method

The testing program consisted of controlled releases of gaseous tracers
that were sampled both on the surface and aloft at ranges to 4 km. The
spacial relationships between the release point and the sampling locations.
are shown in figures 2a and 2b. The release point, located at the center of
the array of samplers, was near the center of the shallow valley that cuts
across the peninsula. Sulfur hexafluoride (SFg) and d1bromod1f1uoromethane
(CBryF,, more commonly called 12B2) were released from the apex of the
sampling grid at heights of 1 m, except for the last two tests when SFg was
released at 30.5 m. The release mechanisms are shown in figure 3. An oil
fog plume was used to make visible the path and gross characteristics of the
tracer gas plumes. The 01l fog generator used to produce the visible plume
was collocated at the release point.

The ground-Tevel samplers consisted of battery -powered pumps within
protective boxes. The pumps inserted ambient air into Mylar sample bags
at a rate of about 2 liters hr~l. The bags were removed from the boxes and
their contents analyzed for tracer material by gas chromatography. The samp-
ler inlet .on each box was 0.76 m above the ground Each test used 176 sur-
face samplers. Some were placed 6 deg apart in concentric circular arcs at
100 m and 200 m from the release point. Others were placed in partial arcs
centered about the axis of the va]]ey at a range of 400 m from the release
point. Additional surface samplers were located on the per1meter road near
the river edge of the peninsula, and along both banks of the river (fig. 2a).
River samplers were serviced by boat. Figure 4 shows a sampler in place
along one of the arcs. The 100-, 200-, and 400-m arc surface samplers were
remotely actuated by means of a so]1d state switching circuit. and control
wires that originated at the release point. By this means any desired com-
bination of samplers could be turned on at the beginning of the tracer re-
lease, and sampling could be s1mu1taneous1y terminated when the last of the
plume cleared the outer arc.

Aerial samples, by contrast, were taken for a time period of approxi-
mately 1 min. A Bell H-47 he]1copter was used as a sampling platform.
Samples of the plume material were drawn into a Mylar sample bag by means
of a small battery-operated pump. The sampled air was drawn toward the
sample bag through a 28-m length of hose that hung below the helicopter
(fig. 5), to avoid dilution of the sample by the rotor downwash (Hathcoat,
1975). The location of each aerial samp1e in terms of range, bearing from
the release point, and altitude, is given in Appendix A.

2.2 Meteorological Instrumentation

The release point and primary sampling area were bracketed by four
30-m towers, on which were mounted wind velocity sensors at the 2- and
30-m levels. The wind sensors on these towers were manufactured by
Weather Measure Corporation and had a low windspeed threshold of Tess than

4
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0.5m s”1. The signals from these outlying towers (fig. 2b) were carried
by cable to the release point where they were digitized and recorded on
magnetic tape for further processing.

A fifth 30.5-m tower was located near the release point at the center
of the sampling area. Beckman-Whitley cup anemometers and quick response
hi-directional vanes were mounted at levels of 2, 4, 8, 16, and 30.5 m.
Temperature data were collected at the 61- and 23-m heights on the south
(TVA) tower.

Because the test series involved working during very low windspeed con-
ditions, it was necessary to measure air flows that were below the thresh-
old of standard cup anemometers. Accurate measurements were accomplished
by Taser anemometry. The system used during the diffusion tests consisted
of two lasers and two receivers, positioned approximately orthogonal to each
other, as shown in figure 2. The beam paths were approximately 350 m in
length. The transmitter (fig. 6a) consisted of a millivolt class laser
having a beam approximately the diameter of a pencil. The receiver was
built by Campbell Scientific (model CA-9), Logan, Utah (fig. 6b). The
instrument is capable of measuring windspeeds in the range of centimeters
per second.

These instruments were found to be very effective in measuring the
mean air motion in the sampling area during the time of the tests. Their
measured speeds compared well with the observed travel rates of the oil fog
plumes. The winds during several of the test periods were below the sensing
threshold. of the cup anemometers. In these instances, the laser anemometers
provided the only values of mean windspeed, u, to be used in the calculations.
Indeed, arrival at meaningful values of windspeeds in the plume-carrying
layers of air would have been almost impossible without this type of equip-
ment.

Figure 6a. Laser anemometer Figure 6b. Laser anemometer
transmitter. recetiver.




2.3 Other Documentation

Each test of the series was documented by numerous 35-mm color slides
which were taken from the aerial sampling helicopter. These slides, in
combination with a detajled photographer's log, provide an additional means
of verifying local flow characteristics and subtle flow patterns that oc-
curred during the tests.

Observations of wind, temperature, sky cover, and general weather con-
ditions were made and recorded to assist in the assignment of the atmospheric
stability category during each gaseous tracer test.

2.4 Analysis

The gas collected by the samplers was analyzed with an electron capture
gas chromatograph system (Lovelock et al., 1971). An arrangement of four
parallel columns made possible the simultaneous analysis of each of the
tracer gases. Trace gas chromatogram areas were computed with the aid of
an Autolab System IV electronic integrator. For the SFg analysis two col-
umns were packed with 5A molecular sieve, 80-100 mesh. The fluorocarbon
12B2 tracer analyses utilized two columns packed with Durapak low K/carbo-
wax 400/Porosil F.

3. THE DIFFUSION EQUATION

_ The windspeed-normalized relative concentrations are given in the form
xu/Q where x is the concentration (gm m=3), U is the mean windspeed through
the effluent-carrying layer (m s-1), and Q is the source strength (gm s-1).
These concentration values are related to the plume axis height above the
ground (H) and spacial Cartesian coordinates (X,y,z) through the Gaussian
diffusion equation

2 2 2
x[Xsy,z3H] = ———g~ﬁ: exp [~} [g-} ] exp[}% [E:HJ ] + exp [-g [§+H] ] . (1)
2wcyczu z z

Additional description of equation (1) may be found in the literature (e.g.,
Stade, 1968). Values for oy and o, the standard deviations of effluent con-
centrations in the Tateral and vertical coordinate directions have been deter-
mined for various stability categories (Pasquill, 1961; Gifford, 1961). By

- direct measurement of some of the varjables (x, u, Q) and plume centerline
sampling (y=0, z=0, H=0), equation (1) simplifies so that comparisons may be
made withvoy- and o,-values commonly accepted for a given stability.




If the receptors are at ground level, equation (1) may be expressed

as
x(zy,0H) = —L—exp |- [+ BV ()
o v-noycrzu 2cyy2t 2022 : to 5

The factor of 2 accounting for ground reflection of the plume is included

as is customary. This reflection effect should be kept. in mind when both.
aerial and ground level measured concentrations are discussed in following
sections. Integration of equation (2) with respect to y yields the familiar
expression for the crosswind integrated concentration from a continuous,

elevated-point source.
g [ 2
~ exp |- . (3)
o_u 202 :

N

CIC(x,H) =

3

Zz

7o

Equations (1), (2), and (3) are widely known Gaussian plume formulas and
available in numerous books and papers (e.g., Slade, 1968, or Pasquill, 1962).

If measurements of Q, u, x(x,y,H), and x(x,y,0) are obtained, some addi-
tional forms of equations (1), (2), and (3) are desirable along with a
formula for computing oy,. With crosswind-oriented samples of ground-level
concentrations x(x,y,0), the second moment of the lateral effluent-concen-
tration distribution is, for a fixed downwind-distance x,

% f[X”)'(Y-YoV] / D x(n) | (4)
where the position of the cénter dr mass, Yg, of'thé'mean plume is

Yo =Zx(v)/2:x(v).

The Gaussian continuous point—sourcé'equation for the center of an elevated
plume far from a reflecting boundary (no reflection effect) is, after solving
for o4,

. o _ Q . (5)
ZnUny(X,O,H;H) R . .

10



| By using oy from equation (4) and the measured quantities Q, i, and
x(x,0,H;H), an effective value of o, may be calculated from equation (5).
By combining equations (2) and (5), the Gaussian plume formula becomes

H2
50,03H) = 2x(x,0,H;H - | 6
x(x ) = 2x(x ) exp [ 2022_] (6)

where H is the mean plume axis height (at downwind'distance x) over the
entire sampling period. Solving for H2, :

HZ = -20%-1n.[X(x,O,O;H)ZZ-X(x,O,H;H)] . (7)

One additional calculation may be made using CIC(x,H) calculated from the
same x(x,y,0) set of measurements utilized in equation (4). Equation (3)
may be solved for o, or alternately for H, and the results compared with
oz or H from equations (5) or (7). Solving equation (3) for the plume
axis height, and denoting the result as HC to distinguish it from the H in
equation (7) yields

(HC)2 = -2:02:Tn [CIC(X,H)-0,-T-/7/Q-V2] . - (8)

Some rough estimate of the vertical gradient of effluent concentration may
be inferred through a comparison of H and HC. From examination of equation
(3), it is apparent that the CIC at the ground surface differs from a corre-
sponding CIC through the elevated plume centerline by a constant whose value
depends upon H and o,. If the height variation of plume concentration

is Gaussian, then HC and H should be the same value (within experimental
error). However, if HC is larger than H, the implication is that the con-
centrations sampled along the ground are less than would be expected were

a Gaussian vertical concentration profile correct (i.e., more o,-increments
may be fitted within HC than within the height interval H). Liﬁewise, if
HC is less than H, the ground-surface concentrations are more similar to

the elevated concentrations than a Gaussian gradient would predict from

exp ;-(HZ)/ZCZZ] (i.e., the vertical distribution is tending toward uni-
form).

If the lateral distribution of concentration were especially peaked
or flattened in comparison with the Gaussian distribution (the Kurtosis
type of statistic), the comparisons of HC and H could be affected. For
example, from equations (5) and (7), it is evident that if the peak ground-
Tevel concentration were too small (a flattened horizontal distribution),
the calculation of H would be a larger number than that determined from a
Gaussian distribution (presuming the CIC in equation (3) is maintained
constant). Likewise, if the ground-level concentration were especially
peaked, the value of H would be smaller.

11



4. RESULTS

Twelve controlled releases and sampling tests of gaseous tracer were
conducted at the Clinch River site during July and August of 1974. The
initial test conducted on July 26 was a preliminary checkout of all systems
and provided neither a sampling of the complete plume nor a documentation of
the minimum amount of meteorological parameters. Analyses of the data from
that test are not included in this memorandum. Following additional pre-
parations and maintenance, full testing commenced on July 29. Table 1
summarizes the general conditions and times of testing. Tracer tests are
numbered in sequence from 1 through 11, beginning with the test on July 29.

One-hour releases of gaseous tracers were made; approximately 275 gm of
SFg and 400 gm of 12B2 were released per test. During tests 1 and 2, 12B2
and SFg tracers were released side-by-side. Only SFg was released during
tests 3 through 9. During tests 10 and 11, SF; was released at the top of
the apex tower (30.5 m) and 12B2 was released at a 1-m height at the apex.
For tests 1 and 2, the mean of sample bag ratios of normalized concentrat1on
measurements of SFG to 12B2 was 1.04.

Most test days were characterized by,c1oudy’sk1es. Fog with drizzie
or ra1n occurred dur1ng almost ha]f of the tests. Three tests (4, 8, and

far less than minimum for safe f1y1ng conditions.

Conditions for all tests were characterized by very light windspeeds.
Frequently, windspeeds were below the response threshold of relatively sensi-
tive cup anemometers and direction vanes. Average windspeeds were measured
w1th a path-averaging laser anemometer of the type reported by Lawrence et

(1972). Because of these 1ight windspeeds, most customary wind and tur-
bu]ence measurements are not available (since the conventional sensors were
unresponsive much of the time). '

In addition to being very Tow in speed, the wind during most of the
tests was highly variable in direction. Figure 7 shows typical horizontal
isopleths of concentration. Gaseous tracer was sampled by all positions on
the 360° sampling arcs. Wide horizontal dispersion occurred during most of
the tests. , ‘

In most cases, the plume was confined to the Towest 100 m of the atmo-
sphere. Below the level of the ridgetops (v 30 m above released point) the
plume was often channeled along the axis of the valley. When the plume dif- "
fused vertically above the level of the ridgetops it was often subjected to
the directional shear of the wind aloft.

Pasquill (1961) stability classes have been designated by two methods:
1) using the vertical temperature gradient (AT/Az) according to NRC Regu-
Tatory Guide 1.23, and 2) using the alternate guidelines of Pasquill (1961)
and Turner (1964) according to insolation class and windspeed. By the first
method, from temperature data measured at the 61- and 23-m levels of the
south (TVA) meteorological tower, most tests were assigned to the E stability
class. Tests 3 and 10 were during D stability and test 2 was during F sta-

12
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Figure 7. Horizontal isopleths of concentration for test 6 showing
the typical 360° spread of gaseous tracer.

bility. On the basis of the second method, most tests were assigned to the
D class (often because they occurred during foggy conditions with associated
overcast, or because they were conducted during the hour after sunrise).
Tests 2 and 3 were during E stability and tests 7 and 9 were during F sta-
bility (see table 1).

The first method (AT/Az) of assigning stability classes will be used
as a basis for comparisons made in the text. In most cases it assigned more
stable classes to the testing periods than the second method did. The be-
havior of the visible 0il fog plume and other plumes in the vicinity and the
apparent minimal amount of atmospheric turbulence (suggested by unresponsive
lTow-threshold bi-directional vanes) indicated the more stable conditions. A
presentation of the results obtained using stability classes as determined by
the Pasquill-Turner criteria is contained in Appendix B.

Ed

4.1 Concentration Measurements and Diffusion Calculations

The normalized, near-axial concentration measurements for the ground-
Tevel released gaseous tracer (SF; except for tests and 10 and 11) are shown
in figures 8a through 8k. The peak ground-level concentration for the
100-, 200-, and 400-m sampling arcs is denoted by the symbol G. Concentra-
tions measured by samplers along the perimeter road or along the river banks
are denoted by the symbol R. Because of the wide spacing between the "R"
samplers it is difficult to determine with assurance that the peak ground-

14
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level concentration at that distance was measured. Aerially-sampled, near-
axial concentrations are p]otted as H symbols at the appropriate downwind
distance. The solid curve in each figure represents the ground-level recep-
tor so]ut1on of the Gaussian diffusion equation (eq. 2) for the stab111ty
class (as categorized by AT/Az) of the particular test [from Turner's (1970)
presentation of the Pasquill (1961)-Gifford (1961) curves]. Table 2 contains
the peak normalized ground-level measured concentration from each sampling
arc along with the appropriate Pasquill-Gifford curve value. A listing by
test of measurement concentrations is contained in Appendix A.

Ground-Tevel sampled values represent a mean integrated concentration
resulting from sampling times of 1 to 3 hr (tracer releases were 60 min).
Most of the tracer present in a given sample bag was probably collected dur-
ing a 1-hr period. Therefore, ground-Tevel sample bag corcentrations have
been normalized through multiplication by the time of sample collection and
division by the Tength of tracer release. Aerial concentration measurements
were made over sampling times of less than 1 min and were not adjusted by
any time ratios (Turner, 1970).

In all instances, the observed axial concentrations were less than
those predicted by the Pasquill-Gifford curves for the appropriate stability
classes. It should be borne in mind that the Pasquill-Gifford curves are
very useful for the conditions that they were intended to describe. The
very Tow windspeed conditions examined in this memorandum lie beyond the
expected range of applicability of the curves. If the curves fail to
directly represent (i.e., predict) concentrations and plume dispersion, in
what manner(s) do they fail to describe the diffusion, and may some modest
change(s) in their usage result in suitable predictions? The question of
changes will be set aside for the present; some discussion of changes has
been presented by Sagendorf (1974) based upon a similar test series con-
ducted over the Idaho desert.

Figures 9a through 9c are plots of the normalized, near-axial data
points grouped according to stability class as categorized by AT/Az and
separated into aerial- and ground-measured samples. (The first order,
least-squares curve fit in these plots, and all other plots in this mem-
orandum were calculated simply to see how they compare with the Pasquill-

- Gifford curves and to see their trend with distance. They are not, nor are
' they intended to be, any sort of predictive curve.)

To determine the lateral dispersion, estimates of oy were calculated
using equation (4), the second moment of the lateral distribution of tracer
mass about the center of gravity of the mass distribution. The results
along with appropriate Pasquill-Gifford oy, values are listed in table 3.
Figures 10a through 10c are plots of the ctalculated oy values as a function
of downwind distance, grouped by stability class.

By using the second moment values of o, [termed o,(SM) from table 3],
along with the elevated near-axial concentrations [XH=x(x,O,H;H)], equation

(5) may be solved for o,. These oz values satisfy the Gaussian diffusion
equation for the observed elevated centerline concentrations. For these
calculations, the values of aerial concentration, Xys are the largest
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Figure 9 (a - ¢). Normalized, near-axial data points grouped according to

stability class.

The solid line ig the appropriate Pasquill-Gifford curve.

The dashed line is a first order, least-squares curve fit of the data points.
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Figure 9. Continued

values observed (the upper envelope or boundary of the scattering of
measured concentrations). The o, (eq. 5) values are plotted in figures

1la through 1llc similarly to the plotting of cy(SM) values. By use of

the ground-level axial concentration, [XG=x(x,o,o;H)] along with o, (eq.5),

cy(SM) and Xy the test mean plume axis height, H, for a Gaussian vertical

distribution may be derived from equation (7). Table 4 summarizes these
calculations for all tests except 4, 8, and 11 during which no aerial
samples were taken. -

Solving equation (3) for o, yields a second estimate of o, based upon H
and the crosswind integrated concentration (CIC). Two solutions for o, from
equation (3) are possible since o, occurs both as a simple multiplier and
as part of an argument of an exponential term. The two solutions represent
cases in which the exponential term either is close to unity or is decidedly
different from unity. When the exponential term differs substantially from
one, a Gaussian profile is envisioned between the surface and the plume axis
height at H. An appropriate number of o, increments span the height interval
H. When the exponential term nears unity, the implied vertical profile is
quasi-uniform, and the resultant o, (the larger of the two solutions) is
more descriptive of the depth of vertical dispersion. Equation (3) may also
be solved for an effective plume axis height, HC (eq. 8), which is based
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Figure 10(a - e¢). 0,(SM) data points grouped by stdbility class. The solid
line is the appropriate Pasquill-Gifford curve. The dashed line is a first
order, least-squares curve fit of the data points.
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Table 4. Vertical Plume Spreading and Diffusion Parameters
Stability Sampling o ; o T =nd -
Test class  arc  P/G2Eq: 5 H  CIC 2cIc HC XHW/Q Xgou/O
x100m m m m m m m m? w2

3 D 1 4.6 77.8 153.8 98.6 289.0 124.4 72 20.4

2 8.5 133.0 228.5 164.2 349.1 188.4 34 15.6

4 15.4 95.8 267.3 109.3 216.2 232.7 16 0.7

10 b D 1 4.6 14.3 16.2 I I 13.6 500 525.9

2 -~ 8.5 19.4 48.9 20.0 39.1 47.7 220 18.4

4 15.4 23.3 46.0 22.8 169.0 46.7 92 26.0

1 E 1 3.6 20.9 30.2 I I 14.0 240 181.0
2 6.4 23.9 34.0 - 1 I 24.6 105 76.1

4 11.0 38.9 68.9 I I 56.0 46 19.1

5 E 1 3.6 10.4 19.5 15.9 24.7 15.9 360 123.8

2 6.4 14.7 25.7 18.3 39.6 22.8 160 69.8

4 11.0 22.5 36.7 I 1 30.6 64 32.9
6 E 1 3.6 13.1 25.3 22.6 28.7 20.1 360 110.2°

2 6.4 12.6 20.6 9.6 91.1 25.2 140 73.7

4 1.0 18.0 48.2 17.5 789.2 49.6 45 2.5

7 E 1c 3.6 18.6 0 I I 0 29 201.6

‘2c 6.4 64.5 0 30.7 49.4 0 17 40.5

4 11.0 94.2 128.1 70.2 346.7 156.2 10 7.9

9 E 1 3.6 18.1 18.5 I I 16.5 170 201.4

2 6.4 17.0 20.1 I I 19.0 87 86.5

4 11.0 30.1 42.0 I I 22.7 45 34.1

2 F 1 2.3 22.2 28.8 23.5 36.6 28.3 230 198.4

2 4.1 38.3 53.5 I I 37.4 69 51.9

4 7.1 65.3 106.3 67.1 206.0 104.6 30 15.9

I means indeterminate computation.
P/G is the appropriate value given by the Pasquill-Gifford curves.
Eq. 5 is the czvalue calculated using eq.(5) which assumes a

Gaussian distribution of o, -

H is the height derived from eq.(7) using Xy» Xg» and o, (eq.5).

HC is the height derived from eq.(8) using the crosswind integrated

concentration (CIC).

OZ(C|C) are values computed from eq.(3), using H given above.

a - Normalized concentrations are x 10 6.
b - Based upon the ground-released tracer.

Cc

- XG >2xH.
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upon the CIC and o, (eq. 5). A comparison of HC and H supplies some coarse
implications about the aerial-to-ground surface concentration profile. These
implications will be discussed later in this section. The HC values are

also listed in table 3, along with the CIC-derived o, values. For test 7

on the 100- and 200-m sampling arcs the peak ground Tevel concentration was
greater than twice the aerial concentration, implying that the plume was not
yet elevated. In these two cases Xg was used to compute oz (eq. 5) in place
of X - '

Table 5 is a summary of diffusion parameter ratios resulting from a
comparison of measured (or calculated from measured quantities) values with
predicted Pasquill-Gifford values. A ratio was taken for each sampling arc
distance for each test; the values were then grouped and averaged according
to stability class and according to sampling arc distance. Finally, an
average ratio was computed for all the values of each parameter.

Table 5. Summary of Diffusion Parameter Ratios

Stability ; _
class 100 m 200 m LOO m All Distances
(a) o (SM) + ¢ (P/G)
Y y
D 3.1 2.4 3.1 2.9
E 6.5 6.4 6.6 6.5
F 10.4 7.9 5.6 8.0
Total 6.2 5.8 5.9 6.0
(b) cz(Eq.S) + cZ(P/G)
D 10.0 9.0 3.9 7.6
E* 4.6 4,2 3.7 4,2
F 9.6 9.5 9.2 9.4
Total 6.6 6.1 L. 4 5.7
(c) Xu/Q(P/G) + Xg u/Q
D 216 142 546 301
E 115 91 161 122
F 100 94 191 129
Total 132 101 233 155

*No aerial samples to compute o, (Eq. 5) for tests 4, 8, 11 (class E).
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For oy and o, (tables 5a and 5b) the calculated value was divided by
the Pasqui¥1-Gifford value. The oy(SM) values were an average of 6.0 times
larger than the predicted values; o, values (eq. 5) were an average of 5.7
times larger.

In table 5c the predicted Pasquill-Gifford normalized centerline
value was divided by the peak normalized ground-level measured concentration.
The average of all the ratios is 155. This ratio assumes that the plume
centerline did not elevate. But, because measured aerial concentrations
were higher than the peak ground-level measured concentrations, and because
the 0il-fog plume centerline was observed over the top of the vegetation,
it seems reasonable to assume that the tracer plume did, in fact, elevate.

In order to estimate more accurately the amount of dilution beyond
what Pasquill-Gifford curves would predict, it is necessary to correct the
measured ground-level values for being off centerline in the vertical.
From equation (2) for normalized axial ground-level receptors

xG(x,o,0§H)i 1 H ‘ (%)
= . expl-% 9
Q . TTUy(SM)UZ(eq.S) O'Z(eq.S) .
The normalized Pasquill-Gifford centerline value is
x(x,0,0350)u _ _ 1
‘H'O"yO'z
and the ratio more properly becomes
i 2 o (sM) o_(eq.5)
X4/QP/6) o | o H Y AN . (10)
XGU/Q cz(eq.S) (oyoz)(P/G)

The left side of equation (10) is term (I) in table 6a; the right side is
term (II).
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Both equation (3) for CIC and equation (9)kcan be'so1ved for 1/0, so that

N

2 .
[xg G/Q1+ 7o, (SM)-exp /(———“—-—— =[CIC(x,H)3/Q1- (3)* -exp|-(———|.
gz(eq-S) , ' Meas. a,(eq.5)

Along the center Tine the Gaussian diffusion equations, with Pasquill-Gifford
values, provide '

(Xd/Q)p g +mo, (P/6) = [CIC(x,0) wa ()

/G

Taking the ratio of Pasquill-Gifford expectations to measured or calculated
values yields ' :

XU/QP/G) oyp fogp [—H
xg U/Q a,(eq.5)

- ; H
[CIC(XaO)U/Q]P/G- EXP[—&(G—ZT&'].—E*))] . cy(SM) | (1)
[CIC(x,h)u/Q] Meas. oy(P/G)

The left side is again term (I) and the right side is term (III) in table 6a.

Terms (I), (II), and (III) in table 6a should be equal within
experimental error for a given test and distance, and are an estimate of
the amount of dilution beyond that which the Pasquill-Gifford curves would
predict. Table 6b summarizes the ratios grouped by stability class and
sampling arc distance. An average of all the data shows that the concentra-
tion measurements are about 29 times more dilute than would be predicted
according to Pasquill-Gifford estimates. ,
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4.2 Discussion of Diffusion
4.2.1 Observed plume behavior.i

The photographs in figures 12 through 15 were taken during a special
smoke visualization test on 31 July 1974. Gaseous tracer was not released,
nor were meteorological data recorded since repairs were still being made on
electrical equipment damaged by 1ightning two days earlier. These aerial
photographs show an 0il fog plume-during the 26-min time span from 0724 to
0750 EDT and are an aid to visualizing different aspects of the diffusion
that took place during the various testing periods. The plume behaviors
illustrated in these figures are typical for the entire test series. For the
most part plumes for each test diffused within the volume of the valley below
the ridge tops, becoming somewhat homogeneous in appearance. Winds near the
height of the ridges tended to transport the upper portions of plumes at a
different speed or, in the case of tests 2 and 3, along entirely different
trajectories than valley axial flow. :

In figure 12 the oil fog is drifting up the west ridge (to the left)
while the upper plume is being sheared off and transported to the southeast.
Figure 13, taken about 5 min later, shows a close-up view of that portion of
the plume beginning to spill over the west ridge. The main part of the plume
appears to be in a shallow, slab-Tike layer immediately above the tree tops
with pockets of smoke between the taller oak tree crowns and within depres-
sions in the top of the forest canopy. The south (TVA) tower is visible in
the center background and the top of the west tower just to the left.

Figure 14 was taken at 0735 EDT from an elevation of about 750 ft AGL
with the camera pointed east. (The early morning sun glint is visible down
the center of the photograph.) A portion of the Clinch River is visible
in the background. A volumetric type of dilution is taking place in the
valley. Also, some of the plume continued to spill over the west ridge
while another portion was sheared off to the southeast. The shallow,
well-capped layer and the filaments along the leading edge of the sheared-
off portion indicate stable atmospheric conditions.

The last photograph (fig. 15) was taken at 0750 EDT shortly after
the release of oil fog had been terminated. The apex tower is at the
lower right, and the view is again to the northeast towards Grubb Island.
The plume, with the appearance of a homogenized, volumetric dilution, has
been channeled to the northeast along the axis of the valley. The leading
edge of the plume has reached a distance approximately 600 m from the source,
with a pronounced pocket of smoke approximately 250 m from the source. The
oil fog plume leakage to the northwest is through a slight low spot or
"saddle" in the west ridge. Filaments of smoke are visible along the
leading edge of this portion of the plume. The sheared-off portion of the
plume has moved to the southeast out of the photograph.

4.2.2 Interpretation of diffusion data.

The average ratios of measured values to predicted values for oy and o,
indicate that both the horizontal and the vertical diffusion were greater
during this test series than would be predicted by Pasquill-Gifford curves .
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Figure 12. 071 fog plume released 0724 EDT, 31 July 1974. View
18 across the source point (near the bottem center) towards
Grubb Island to the NE (top center).

Figure 13. 011 fog plume at 0729 EDT, 31 July 1974. (lose
view of the portion of the plume beginning to spill over
the west ridge.
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Figure 14. 0il fog plume at 0735 EDT, 31 July 1974. View is
to the east. Valley axis (SW-NE) is from lower right to
left of center.

Figure 15. 01l fog plume at 0750 EDT, 31 July 1974. View
18 to the NE after termination of oil fog release.
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for flat terrain. The enhanced horizontal diffusion is attributable mainly
to the variability of wind direction, or meander, during low windspeed con-
ditions, whereas the increased vertical diffusion is due to increased ver-
tical mixing induced by surface roughness (in this case, a combination of
vegetation and topography). By comparison, Sagendorf (1975) found that over
flat terrain and under Tow windspeed conditions, horizontal diffusion was
enhanced, again because of meander, but vertical diffusion was comparable
with Pasquill-Gifford predicted values. The estimates of enhanced dilution
shown in table 6 show much larger values for test 3 (compared with test 10)
and somewhat Targer values for test 2. The occurrence of wind direction
shear during these tests suggests that these larger calculated dilutions may
in part have resulted from shearing effects as well as the Tow wind-speed
meander and topographic/vegetation influences common to the other tests.
Until the role of shearing is better understood and documented, it may be
advisable to place more credence in the smaller dilution estimates listed in
table 6, since there are many more observations of their occurrence.

For all tests, the average ratio of estimated mean plume axis heights
[determined from axial concentration measurements (H) and from crosswind
integrated concentrations (HC)] is 1.21. This ratio implies that the ground
concentrations are slightly closer in value to the elevated concentrations
than a Gaussian gradient would predict. It is postulated that the portion of
the elevated plume in the vegetation (estimated average tree height 20 m)
became more uniformly mixed throughout the vegetative layer than would be
expected over a flat, smooth surface. This greater uniformity would Tead to
a vertical distribution of concentration similar to the solid curve in figure
16. .

Postulated -~

\
)
f Top of // k . U ] L
~| Vvegetative F'Lgb'we 1.6‘. _Hypothemcal vertz_cal
5|7 Layer — distributions of concentrattqn.
w ya N\Gaussian Dashed line 1s Gaussian; solid
T / line 1s postulated.
/

surface

Gttt o

CONCENTRATION —»

The excess amount of dilution was found to decrease with greater down-
wind distance. This behavior is indicated by the first-order least-squares
curve fits of the near-axjal data points in figures 9a and 9b which approach
the Pasquill-Gifford curves at longer distances. This feature can also be
seen in the plots of o, as a function of distance (figs. lla and 11b). In
table 6b, the values of enhanced dilution, terms (I), (II), and (III), de-
crease with increasing distance. Furthermore, the amount of enhanced dilu-
tion increased with increasing stability. In table 6b this increase with
stability can be seen in the column labeled "A11l Distances". An important
inference from these data is that under low windspeed conditions, the ability
of the atmosphere to diffuse the gaseous tracer does not decrease unlimitedly
as the atmosphere becomes more and more stable.
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5. SUMMARY .

In a series of gaseous tracer measurements, eleven 1-hr tracer releases
were conducted in a hilly, wooded area near the Clinch River in eastern
Tennessee. Aerial and ground-level concentrations were collected along
with wind and temperature measurements. A1l test periods were characterized
by very Tow windspeeds (mean windspeeds less than 1 m s-1) and occurred
during neutral to moderately stable atmospheric stability classes.

Concentration measurements and diffusion parameters were compared with
those values that would be predicted by the standard Pasquill-Gifford curves
for flat terrain. (It is understood that the conditions examined in this
memorandum are beyond the range of applicability of the Pasquill-Gifford cri-
teria.) The standard deviation of the horizontal plume spread, oy, averaged
6.0 times greater than predicted values. This Targe deviation is attribut-
able mainly to wind meander under low windspeed conditions. The derived
standard deviation of the vertical plume spread, oz, averaged 5.7 times
greater than Pasquill-Gifford predicted values. Roughness of the surface
(topography and vegetation) enhanced the vertical diffusion. The product of
the oy and g, ratios, as an estimate of enhanced dilution, is about 34.

After a correction for elevation of the plume centerline, the overall
average dilution derived from ground level axial concentrations was about 29
times greater than would be predicted by the appropriate Pasquill-Gifford
curves for flat terrain. The amount of enhanced dilution was found to de-
crease at greater downwind distances. Also, the enhanced dilution was
greater for the strongest inversions (most stable), implying that under Tow
windspeed conditions, the ability of the atmosphere to diffuse the gaseous
tracer does not decrease to zero as the atmosphere becomes more stable, but
instead tends to be bound by some minimum rate of dilution.

34



6. ACKNOWLEDGMENTS

The Project Management Corporation, Knoxville, Tennessee, coordinated
arrangements with Tennessee Valley Authority and granted access to the
peninsula site over which the field study measurements were collected.

Appreciation is expressed to the Tennessee Valley Authority for
providing recorded temperature data from its south tower to cover the
period of testing.

This experiment was a cooperative venture involving the complete
staff of the Air Resources Laboratories' Field Research Office. It could
not have been successful without the unstinting help of all of the following
staff personnel.

Mr. F. E. White set up the data acquisition for the many towers and
sensors upon which the whole experiment depended, worked long hours in
Tennessee modifying circuitry and implementing new and better techniques,
and instructed our personnel in the field operation of electronic systems.

Mr. Thayne Thompson supervised the gas analysis laboratory and its
associated experiments, calibrations, and operations.

Mr. Harold Boen was responsible for the initial programm1ng of
meteorological data reduction computations.

Mr. Douglas Forsyth provided pre-exper1ment Tiaison among various
offices, established the radio communications, and also participated in

all tests.

Messrs. Frank Mahohey, Steven Manning, Mark Rencher, and Lloyd
Feltman were most helpful in accomplishing the many necessary day-to-day
tasks.

Mrs. Lydia Thorngren assisted in tracer analyses and helped
proof-read the manuscript. )

- 35



7. REFERENCES

Gifford, F. A. (1961): Uses of routine meteorological observations for -
estimating atmospheric dispersion, Nuclear Safety 2, (4): 47-51.

Hathcoat, F., Jr. (1975):' Personal communication. Mr. Hathcoat is
Project Engineer/Manager for 1light helicopters, Bell Helicopter
Company, Fort Worth, Texas.

Lawrence, R. S., G. R. Ochs, and S. F. Clifford (1972): Use of scintil-

1at1ons to measure average wind across a light beam, Appl. Opt¢. 11:
239-243.

Lovelock, J. E., R. J. Maggs, and E. R. Adlard (1971): Gas-phase cou-
lometry by thermal electron attachment, 4nal. Chem. 43: 1962-1965.

Pasquill, F. (1961): The estimation of the d1spers1on of windborne
material, Meteorol. Mag. 90: 33-49.

Pasquill, F. (1962): Atmospheric Diffusion: The Dispersion of Windborme
Material from Industrial and Other Sources, D. Van Nostrand Company,
Ltd., London, England, 297 pp.

Sagendorf, J. F. and C. Ray Dickson (1974): Diffusion Under Low
Windspeed, Inversion Conditions, NOAA Tech. Memo., ERL ARL-52,
Air Resources Laboratories, Idaho Falls, Idaho.

Slade, D. H. ed. (1968): Meteorology and Atomic Energy, 2d. ed.,‘U. S.
Atomic Energy Commission, Div. of Tech. Info., Oak Ridge. National
Technical Information Service, Springfield, Va. TID-24190.

Start, G. E., C. R. Dickson, and L. L. Wendell (1973): Diffusion in a
canyon within rough mountainous terrain, NOAA Tech. Memo., ERL ARL-
38, Air Resources Laboratories, Idaho Falls, Idaho.

Start, G. E., C. R. Dickson, and L. L. Wendell (1975): Diffusion in a
canyon within rough mountainous terrain, J. Appl. Meteorol. 14:
333-346.

Turner, D. B. (1964): Appendix. A stability classification based on
hourly airport observations, J. Appl. Meteorol. 3: 90-91.

Turner, D. B. (1970): Workbook of Atmospheric Dispersion Estimates,
U. S. Dept. of HEW, Pub. Health Serv. Pub. No. 999-AP-26, 84 pp.

U. S. Nuclear Regulatory Commission (1972): Onsite Meteorological
Programs, NRC Regulatory Guide 1.23, Washington, D. C.

36



APPENDIX A. MEASURED TRACER TONCENTRATIONS

This appendix 1ists concentrations measured above background levels for
individual tests. The column containing the sample position number is
Tabeled "#". Distance is measured in meters horizontally from the release
point, and bearing is the angle measured clockwise from the north. In the
ground sample data, duration represents the length of time, in minutes, of
sampler collection. Concentration is volume of tracer per volume of air at
25°C. The column on the right is the normalized concentration value. The
heights Tisted for aerial samples are elevations in units of meters above
sea level. ‘
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GROUND SAMPLES

TEST #1

SOURCE STRENGTH

# DCISTANCE

METERS

100
1006
100
1CO
100
109
1G0
100
1Cn
100
1G0
100
100
100
104
109
100
1C0
160
100
100
100
130
160
100
200
2C0
200
200
201
200
200
2G0
209
2C0
240
2CH
209
200
200

1729774

£5:05-10:d5 EODT

(Q)

WAS G.0732 GM/SEC
WINC SPEEC (U) WAS 0.49 M/SEC

SFé&

BEARING DURATION CONCENTRATION = CHI*U/Q

DEGREES

50
6.0
12.9
18.0
24.0
3).0
42.0
48.0
54.0
6G.C
€640
72.0
78.0
84 .0
S0.0
1¢2.0
10840
114.0
12C.0
12640
132.0
32C.G
33640
342.0
3154.0
640
12.5
1€.0
24,0
22.¢
36.0
42.0
48.0
54 40
60.6
6640
72.0
78.0
$C. 0
360

MINLTES

60
64
60
6C
&L
69
64
6C
60
60C
&G
6G
6C
69
60
(3]
60
60
&6C
&C
67
60
60
60
eC
60
64
&G
617
6C
6C
64
€C
60
64
60
60
60
&G
€0

38

AT 25 DEG C

ccrscc

3-37E'09
2.50E-36
3.20E-09
4,24E~09
3.36E-09
3.4TE-D9
3. 79E-0S
4.53E-09
3.78E-09
2.60E-09
3.79E-09
2' 83E"09
2.98BE-009
3.32E-09
3. L3E-09
1.33E-0S
9.64E-10
2.54E-10
2.28E-11
2.47E~11
l.14E-09
1.82E-0G
l.4B8E-039

cSéE"‘Dq
1.J7E-09
8.19E-10
S.71E~110
Bs12E-12
B.65E~10
8.12E-173
B«55E~10
Be54E~-1C
l.12E-03
l1.14E-09
1. 40E-0DG
1.38E-09
1.45E-09
1.32E-29

Mk~ 2

1. 35E"'0‘(‘
Se. GBE-(S
1.286-C4
long-/“)"
1. 47E-04
le34E-C4
1.39E‘)4
1.52E-04
1.81E-34
1.51E"O"
1.52E~C4
l. 13E-04
l.196-24
1033E“O‘f
1.21E~-04
5.32E-CS
3.86E-~05
9.11E-C7
9.86E-07
4. 58E-05
7.27E-05
5.90E-05
l. G3E-C4
4.29E-C5
3.28E-05
3.88E-05
3-25E’05
3. 46E-05
3.25E-05
3.42E-95
3.41E-GCS
4.4TE-C5
4.55E-05
5.58E-05
5.52E-(5
579E-305
6., 18E-95
5.29E-15



- GROUND SAMPLES

¥

78
79
81
82
813
115
116
117
118
119
120
123

124 .

126
127
128
129
130
131
132
133
134
136
202
206
211

TEST #1

DI STANCE
METERS

200
200
200
20D
200
200
200
200
2060
2490
200
400
400
400
4Co
400
400
400
- 400
400
400
400
400
696
916
1324

- 1/29/74
SOURCE STRENGTH (Q) WAS 0.0732 GM/SEC
WINC SPEEC (U) WAS 0.49 M/SEC

BEARING DURATICN CCNCENTRATICN
' AT 25 DEG C

CECGREES

102.0
108.0
1206.0
126.0
132.0
324.0
330.0
336.0
342,90
348.0
354.0
12.0
18.0
30.0 ‘
36.0
42.0
48 .0
54.38
60.0
66.0
712.0
78.0
90.0
58.5
5645
128.0

09:05-10:05 EDT

MINUTES

60
60
60
60
69
690
60
69
60
60
690
60
60
60
60
60
69
60
60
690
80
60
60
96
75
105

39

ccrscc

3.20E-10
3.92E-10
1.19E-19
2.59E-11
2.28E-11
2.47TE-11
3.25E-11
1.27€E-19
5.83E-10
5.58E~-1C
1.90E-29
2.50E-10
2.20E-10
2.27E-10
292E-10
3.76E-1C
4.16E-10
4., 77E-10
4.26E-1C
4.54E-10
3.45E-10
2.81E-1C
7.03E-11
1.27TE-10
6.03E-11
l.u3E-11

SFé6

CHI*/Q
M*k=2

l. 28E-05
l1.57E-C5
4.T4E-06
l. 04E-Q6
S.11E~-C7
9.87TE-07
l. 30E-06
5.08E-G6
2+33E-05
2+ 23E-05
1.61E~-05
9.99E-06
B« 79E—-Q6
S.07E-Cé6
1.17E-05
l. 50E-05
1.66E-05
1.91E-05
la 70E-Q5
1.82E-05
1.38E~05
1. 13E-05
2.81E-Q6
8-19E‘06
3.06E-06
T.27E-C7



TEST #1 . 1729774 - 0G:05-1G:05 EDT SFé
SOURCE STRENGTH (Q) WAS U.Q0732 GM/SEC
WINC SPEEC (U) WAS 0.49 M/SEC

AERTAL SAMPLES

¥

# DISTANCE BEARING HEIGHT CONCENTRATICN CHI*U/Q
~ AT 25 DEG C
METERS CEGREES METERS cc/scc M %= 2
802 569 5945 2840 2.9TE-10 1.19E-05
804 383 5543 28¢ 1.G8E-0Q9 4+ 33E~-05
805 618 87.5 295 6 49E-10 2.60E-05
BO7 274 27.0 262 2. 65E-069 1. 06E-04
809 370 357.0 294 1.33E~-09 5.32E-05
810 154 34,2 304 1.13E-09 4.53E-05
811 461 48,5 304 4,87E-10 1.95E-95
TEST #2 7730774 08:046-C9:00 EDT SF6
SCURCE STRENGTH (Q) WAS 00,0771 GM/SEC
WINC SPEELC (U) WAS (0.42 M/SEC

GROUND SAMPLES

# DISTANCE BEARING DURATION CONCENTRATICN CHI*U/Q
o ; AT 25 DEG C ‘
ME TERS DEGREES MINUTES cc/cc M*E%=2

1 100 0.0 80 3.37E-0S 1.48E-04
2 1G9 6.C 80 4 ,52E-09 1.98E-04
3 100 12.0 8¢ 3.32E-09 1l.46E-04
5 160 2440 80 9.56E-1¢ 4,20E-05
8 100 42.0 80 1.12E-09 4,90 E=-15
12 109 S54.0 84 1. 63E-US 7.15E-N5
11 100 61.0 80 1.30€-05 5.72E~-CS
12 1G0 66.0 81 8.52E-19 3.74E-05
14 100 78.G 80 1.U6E-0S 4, 65E~05
15 100 84.0 8n 1.U8E-09 4.715E-15
17 169 6.0 80 1.21E-09 5.31E-05
18 1900 1¢2.0 80 9.26E~-10 4 ITE=-D5
29 100 114.9 89 8 U4E-10 1,.53E-05
22 1C0 126.0G 80 7.09E-190 3.12E-05
23 100 132.0 80 4.42E-10 l.94E-25
24 100 138.0 80 3.61E-1C 1.59E-0G5
25 100 144.0 60 1.47E-10 4 ,88E-96
26 © 100 15C.0 60 2.89E-10 9.55E-06
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TEST #2

17307174 €8:00~C9:00 EDT SFé

SOURCE STRENGTH (Q) WAS 0.0771 GM/SEC

WIND SPEED (U) WAS Q.42 M/SEC

GROUND SAMPLES

#

27
28
29
30
31
33
35
37
49

42

44
46
50
52
56
58
59
60
62
65
66
67
68
69
70
71
72
73

15

76
17
78
79
83
84
85
86
87
89
91

DISTANCE
METERS

180
1C0
100
100
100
100
100
109
190
1CO
100
100
1C0
100
100
100
100
100
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
2CD
200
200
200
209
200
202

BEARING DURATION CONCENTRATION CHI*U/Q

AT 25 DEG C

DEGREES MINUTES ccr/cc Mx*x-2
156.0 60 1.56E~-10 5.17TE-06
1€2.0 60 8.36E-11 2.TTE-Q6
174.0 60 3.32E-11 1.10E-06
18C.0 (1] 4.64E-11 1.53E-06
192.0 €0 3.66E-11 1.21E-C6
204.0 640 l.901E-11 3.36E-07
21€.4 60 1.28E-11 4. 22E-Q7
234.0 65 2.44E-11 8.73E-C7
246.0 65 T.14E-12 2.56E-07
258.0 €S 2.U6E~11 1.37E-07
270.0 65 T+.40E-12 2.65E-Q7
254.0 65 9.37TE-12 3+35E-07
333.0 80 2413E~11 S.38BE~-C7
342.0 80 5.01E-11 2.20E-06
348.0 8¢ 3.41E-10 1.50E-05
354.0 80 8.28E-10C 3.64E~-C5
&.40 8C 236E-11 1.04E~-06
24.0 80 8.€1E-12 3. 18E-0Q7
30.0 89 6.69E-10 2.54E-C5
36.4 80 6.53E~10 2.87E-Q5
42.0 84 5.91E~-10 2. 60E-GCS
48 .0 80 2.30E-10 1.01E-GS
54.0 80 3.00E-1D 1.32E-05
€C.0 80 3.92E-10 lo T2E-05
66 .0 80 5.10E-1C 2+50E=C5
72.0 80 Te34E-10 3.22E-D5
€4.0 8Q 5.71E-10 2¢51E-05
99.0 8G T«.84E-10 3.45E-05
1C2.C 8C T1.88E~-1C 3. 46E-Q5
19840 80 1.18E-09 5.19E-C5
132.¢ 80 T.66E-10 3.37E-05
138.0 80 6.45E-1C 2. 84E-05
144 .0 60 4.83E-10 1.60E-C5
150.0 60 9.35E-11 3.09E-Q06
15600 6C 3.\J‘9E“11 1.01E‘06
168.0 60 1.98E~11 6e54E-C7
18C.C 60 l1.52E-11 5.03E~-07
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TEST #2 1/30/74  (8300-G9:02 EDT
SOURCE STRENGTE (GQ) WAS J.0771 GM/SEC
WINC SPEEC (U) WAS G.42 M/SEC

GROUND SAMPLES

# DISTANCE BEARING DURATION CONCENTRATICN
AT 25 DEG C
METER S DEGREES MINUTES - CcCrccC

97 200 2160 60 9.16E-12
39 200 228.0 60 1.79E~-11
103 209 252.0 €5 le49E-11
119 200 348.0 80 l.13E-11
125 400 24.0 80 l1.07E~-11
127 400 3€.0 8a i1.30E-11
129 409 48 .0 80 2.33E-11
1335 460 54,.C B0 3.63E-10
131 490 €C.Q 8¢ 3.10E-10
132 400 66.0 , 80 2.47E-10
133 400 12.C 890 2.25E-10
134 449 78.0 eg 2.02E-1C
135 400 84 .0 89 2.32E~-14Q
136 400 SC.C 8¢ 3.82E-11
154 400 198.0 €5 6.,59E-12
157 400 216 .0 65 1.00E-11
158 4G0 222.C 65 1.94E-11
169 4900 234,.0 €5 8.95E-12
164 4G0 258.0 65 6.5TE-12
169 4Ca 288.0 65 1.04E-11
202 696 5805 52 3.59-11
293 611 78 .0 53 1.70E-11
205 1036 13C0.0 56 4.,29E-11
208 182 78.0 51 l1.19E-11
210 1170 129.0 56 5.01E-11

AERIAL SANPLES

# DISTANCE BEARING HEIGHT CONCENTRATICN
: AT 25 DEG C
METERS CECREES METERS ccs/cc

804 324 140.6 268 1.30E-0S
806 146 174 .8 304 3.24E-09
807 637 134.0 313

Bs66E-12)

42

SFé

CHI*U/Q
Mk =2

3.03E-Q7
5.94E-07
5.32E-Q7
4.G5E~Q7
4.69E-0U7
5. 12E-Q17
1. 03E-u6
1.60E-35
1. 36E-05
1.0SE-Q5
3.89E-06
B. 86E-Q6
1.G2E-05
1l.68E-96
2. 50E-0Q7
3.58E~-07
6.96E-07
3. 20E-07
2+35E-C17
3.72E-07
l. 03E-3J6
4.,97E-07
€e 32E-CT
1.5%E-C6

CHI*U/Q
M% %2
4. 22E-05

l.J€6E-G4
2.82 E—JS



TEST #2 1/730/74 §8:00-€9:00 EDT SFé
SCURCE STRENGTH (C) WAS 0.0771 GM/SEC
WIND SPEED (U) WwAS (.42 M/SEC

AERIAL SAMPLES

BEARING

# DISTANCE HEIGHT CONCENTRATION CHI#*U/Q
AT 25 CEG C
METERS "DEGREES VETERS ccscc M%%-2
809 2195 131.9 320 3.91E-11 1.27TE-D6
811 263 172.2 326 S.15E~1Q 2.98E-05
812 675 1207 329 4.33E-1C 1. 41€-05
TEST #3 8/5/74 09:22-10:22 EDT SFé6

SCURCE STRENGTH (C) WAS 0.0785 GM/SEC
WIND SPEED (U) WAS Q.31 M/SEC

GROUND SAMPLES

# DISTANCE BEARING DURATION CONCENTRATICN CHI*U/Q
: AT 25 DEG C
METERS DEGREES MINUTES ccr/cc M¥%k-2

19 100 54 .0 69 6.88E~-10 1.89E-05
12 190 66.0 €S 3.57E-10Q Se.84E-Q6
13 100 72.0 69 2.10E-1C 5.80E-06
14 1C0 18.0Q 65 2. T6E-10 T«59E-06
15 100 84.0 €S 2.39E-10 €. 5TE-Q6
16 100 90.0 69 3.06E-10 8.42E-06
18 1G9 1C2.0 €S 4.64E~-10 1.28E-05
19 100 108.0 €S 4.€67E-1C 1.2%9E-C5
27 100 114.0 69 6.86E-10 1.89E-(5
21 109 12C.0 6S 6.52E-18 1.79E-05
22 100 126.0 . 6S T.42E-10 2.04E-C5
23 100 132 .0 69 6.29E~-1Q 1.73E~-C5
24 100 138.0 6S 533E-10 1.47E-35
25 100 144.0 10 4.39E-10 1.23E~-Q5
26 160 150.9 70 3 .64E-10 1.02E-05
27 1¢0 15¢€.0 10 3.91E-1C 1.09E-05
28 100 162.90 70 J.€64E-10 1. 02E-05
29 100 168.0 7C 3.46E-10 .6TE-D6
3G 100 174.C 7C 3.11E-10 B.69E~-06
32 100 186.9 14 2.35E-10C 6.55E-06
33 100 192 .0 70 2.18E-1¢ €.10E-C6
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TEST #3

-

875/74 09:22~-192:22 ELT
SCURCE STRENGTHE (Q) WAS J.0785 GM/SEC
WIND SPEEC (U): WAS 0.31 M/SEC

GROUND SAMPLES

#

34
35
78
79
8
81
82
83
84
85
86
87
89
9Q
91
92
93
94
97
98
99
152
154
155
156
157
158

159 -

167
161
162
l16¢
168
169
17¢
171
172
204
295
208

DISTANCE
METERS

109
1C0
200
290
260
204
209
2079
2090
2C0
209
200
209
2019
2090
239
209
200
200
2C9
202
4C0
4Ga
400
- 4G
4Gy
437
430
4C3
4Co
4GU
4G
400
404
4(0
407
4309
697
1936
782

SF6

BEARING DURATION CONCENTRATICN CHI*U/Q

DECREES

198.0
204.0
1C2.0
108.0
114.0
12C.Q
126 .0
132.0C
138.0
144 .0
156.0
15¢.0
168 .0
174.0
18¢.0
186.0
162.C
1s8.0
216 .0
222.C
228 .0
186 .0
"168.0
20440
210 .0
21¢€¢.0
2¢2.C
228 .0
224,20
24C .10
246 .5
21G.C
2820
288 .0
2G64,0
3CC.C
10440
12C.C

8.0

MINUTES

7C

70
65
€S
69
68
69
‘69
€S
70
[4¢
7C
79
10
G
T0
7¢C
10
72
70
1C
0
1¢
1¢
70
140
1€
T4
7C
1¢
73
79
7C
73
7¢
IAY
70
45
48
46

44

Ccscc

1.38E-110

7.50E-11
G 72E-11
1.37E-12C
2.75E-19
5.08E~-1C
5«4TE-10
5.65E-10
3.4TE-10
2.61E-1D
l.75E-10
1.35€~-10
4.28E-11

- Te55E-11

3.U0E-11
3.72E-11
l.76E-11
2-62E"11
1.24E-11
T.G2E-12
2.13E-11
2.34E-11
1.56E-11
l.40E-11
6.6TE-12
2, J6E-11
l.24E-11
le27E-11
B.84E~-12
1.16E-11
2.26E-11
l.13E-11
5.86E-12
l.vlE-11
l1.01E-11
6.61E-12
535E-11
1.65E-11

AT 25 DEG C

Mok=2

3.86E-CE
2.09E-96
2 .68E-06
3.78BE-Q6
T«5TE-D6
l. 40E-05
l.51E~CS5S
B.29E-06
1. 56E-05
T.29E-06
4. 8GE-06
3.78E-CE6.
lelgE‘Db
2.11E~Q6
8.3BE~-C7
1.04E-0Q6
4, 92E-Q7
7.30E-Q7
3.48E~-07
2.21E-Q7
S5.G4E-CT
6-53E-\)7
4e37E-07
2.G1E-C7
1.86E-07
5. 714E-Q7
2.45E-C7
3.55E-07
2 4TE-Q7
3.23E-37
632E-0T
3.16E-07
l.64E-C7
2.81E-07
1. 69E'C7
2.82E-C7
1.20E-07
l. J3E-76
2.C05E-07



TEST #3

8/5/74 09:22-10:22 ECT
SOURCE STRENGTH (Q) WAS 0.0785 GM/SEC
WINC SPEEC (U) WAS 0.31 M/SEC

GROUND SAMPLES

#

209
210
211
212
213
215

DISTANCE
METERS

878
1170
1324
1273

175

559

BEARING
CEGREES

100.5
129.0
128.0
146.0
205 .0
241.0

AERTAL SAMPLES

#

801

802
804
805
806
808
809
810

DISTANCE

METERS

183
143
266
871
1381
2114
1254
270

BEARING
DEGREES

157.8
145.1
135.9
152 .5
142.2
154.2
144 .7
163.0

MINUTES

45
112
115
120
117

136

METERS

283
304
301
341
380
396
380
301

45

ccsccC

1.62E-11
4.96E-11
T.11E-11
6.01E-11
1.856-11
1.27E-11

ccscc

1.68E~Q9
l. 40E-0S
l.14E-05%
3.18E-10
l.35E-14
1.50E-11
1.31E-10
6.12E~-10

SFé6

DURATICN CCNCENTRATICN
AT 25 DEG C

HEIGHT CONCENTRATION
AT 25 DEG C

CHI*U/Q
M* %2

2.93E-07
2.20E-C¢
3264E-06
2. 84E-Q6
8.57TE~-Q7
6. 86 E"O?

CHI*U/Q
Mk -2

3.,31E-05
2e 68E-435
T.51E-(6
3.19E-06
4. 49E-Q7
2.09E-C6
1.‘04E"US



GROUND "SAMPLES

#

PFPWVWWWWRWWWWWNRNNNRNDRNNN RN P e P e et s s
WNORNOONDUNHORYJONDWN OO DI RPN -

Vo ~NoenPwN e

TEST #4

DISTANCE

METERS

100
100
100
100
1C0

100

100
100
100
100
100
100
100
100
100
100
1¢9
100
100
100
100
100
100
100
100
1¢0
160
100
100
1090
100
160
100
100
100
100
109
1C0
100
100

8/6/74

BEARING
DEGREES

0.0
6.0
12.C
18.0
24.90
3C.0
36.0
42.0
48,0
54 .0
&6C.0
€€.0
12 .0
78.0
€4.0
90 .0
S6.u
1CZ2.0.
108.9
114.0
128.0
126.0
132.C
138.0C
144 .0
150.40
156:0C
162.0
174.0
18¢.n
186 .0
162.¢C
168.¢
210.C
21¢.0
222 .0
228.0
246€6.0
25240

07:36-28:36 EDT
SCURCE STRENGTH (Q)

MINUTES

8é
86
8é
e
86
86
e
86
g6
90
3@
SQ

90
9G

SC
9¢C
S0
- SC
SC
90
SC
S¢
¢
SC
90
9¢
SC
sS4
S¢
SC
9C
9¢
SC
5S¢
90
SC
90
S0
gé¢
8¢

46

~.CC/7CC

1.48E-09
B«8l1E-10
1-64E’Oq
4.82E-06
5.73E-09
5.26E~-US
5.14E“Qq
Te.l11E-09
6.31E-09
5.49E-09
5.4TE-09
6. 15E-09
4.68E-09
3.56E-09
4. 51E~-09
3.78E-0%
3-22E‘09
3‘87E_09
3.€65E-0%
3 .59E-09
4.02E-0S
2.15€E-06
2-60E-09
2+ 65E-06
3.06E-09
2+41E-Q9
l. 82E-09
1.59E-0g
1.07E-09
9.28E°10
8.18E-10
8.10E~-10
7-76E‘10
8.72E-10
6.56E-1D
6. 64E~-1G
6.21E‘10
3.96E~10
2.81E-10
e 10E~-10

- SFé6
WAS C.0761 GM/SEC
WINC SPEEC (U) WAS 0.15 M/SEC

DURATION CONCENTRATICN  CHI*U/Q
AT 25 DEG C

M¥$-2

2.53E~05
1.50E-95
2.79E-05
84.23E-05
9.79E-05
8.99E-05
8.78E-C5
1.21E-04

-leU3E-04

S.80E~-(05
9,7TE-05
l1.21E-04
8+36E-05
6.36E~-05
BOOSE—OS
6.76E~CS
S5.7T6E-05
6« 92E-05
6.41E-25
7. 1T7E-0S
4,91E~(C5
4.65E-05
5.40E-C5
4 ,26E-05
3.21E-05
2.80E-05
1.88E-05
1.64E“05
1l.45E-(5
1.43E-05
l. 37E-0C5
1.54E~-0S
l.16E-05
1.17E-05
1. 10E~-35
T.00E=-06
4,.T79E-06
4.,61E-C6



TEST #4

8/6/74

GROUND SAMPLES

. 49

# DISTANCE
METERS
44 100
45 100
46 100
47 1090
48 100
19
50 100
51 100
53 100
55 100
56 100
57 10
58 100
59 100
61 200 .
62 200
63 200
64 200
65 260
66 200
67 260
68 200
69 200
70 260
71 200
72 200
73 200
.14 200
75 200
76 200
78 200
79 200
80 200
81 200
82 2€0
83 200
84 200
85 200
86 200
87 200

BEARING DURATICON CCNCENTRATICN
AT 25 DEG C

CEGREES

258.C
264 .0
2710.C
276.C
282 .0
288.0
2S440
300.0
312.G
324.0
330.,0
336.0
342.0
348.0
0.0
6eQ
12,0
18.0
24.0
30.0
36.0
420
48 .0
54,0
6€0.0
66 .0
12.0
78.0
84 .9
90.0
1C2.0
108 .0
114.4
120.0
126 .0
132.0
138.0
144 .0
15C. 0
156.0

MINUTES

8¢
86
86
86
86
86
8é
gé
86
86
86
86
8¢
86

83
83

83
83
g3
83
83
83
83
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85

47

WAS

NT:36-08:36 EDT
SOURCE STRENGTH (Q) WAS 0.07€1 GM/SEC

WINC SPEEC (U) Je15 M/SEC

ccrscc

2.17E-14Q
le42E-10
2.2TE-10
2+ 55E-140
3e42E-10
2046E‘10

- 4.32E-10

5+.86E-10
4«4TE-10
1. 26E-0S
1.95E-09
ZCSBE-Og
3.10E~-0S
3.38E-09
8.16E-10
9.28E-10
9.75€~1C
1.14E-09
1.52E-09
1.89€E-09
3.56E-09
3.22E-0S
5.7T7E-09
3.T4E-09
2.93E-09
2071E°09
3.52E-09
2.40E-09
2.19E*09

~ 1«75E-09

2.36E-09
ZOBIE‘OQ
2.90E-09
2.04E-09
3.16E-09
2..95E-09
2.25E-06
4420E~19
5.28E-190
71.49E-1C

SFé

CHI®U/Q
M**-2

4973E406
2.43E-Q6
3.87E-06
4.36E~06
5.83E-Q¢
4.,20E-06
7.38E-06
1.00E-C5
T<64E-06
2. 16E-Q5 |
3.33E-05
4 ,40E-05
5.30E-0Q5
5.7BE-CS
1.35E‘05
1.53E-05
1.61E~-05
1.88E°05
2.50E-05
3.11E-GS5
58TE-05
5. 30E~-05
S.51E-0S
6.32E-05
40 94E-05
4.57E-Q5
5.95E-05
44 4E-]5
3.70E-CH5
2.94E-05
3. S8BE-(5
4. T4E-CS
4.90E-05
3. 44E-05
Se34E-05
3.4TE~-O5
3. 79E~-4Q5
1.08E-0¢
8.91E‘U6
l.s 26E-05



TEST &4

SOURCE STRENGTH

8/76/74

GROUNC SAMPLES

¥

88
89
90
91

92
93

94
95

96

97
98
99
115

116

117
118
119
120
123
124
125
126
127
128
129
139
131
132
133
134
135
136

152

153
154
155
156
157
158
159

DISTANCE

METERS

200
200
200
200
200
200
260
.200
200
200
200
200
200
200
2090

- 200

200
200
400
400
400
4G0
400
400

400
400
400
4G0
400
400
400
400
400
4Co
400
400

400
400
4C0
4C0

BEARING
DEGREES

162.0
168.0
174.0
180.0
186.0
192.9
198.0
204.0
210.0
216.0
222.0
228.0
324.0
330.0
336.0
342.0
348.0
354 .0
12.0
18.0
24.0
20.0
36.0
42.0
48.0
54.0
600
66.0
72.0
78.0
84.0
500
186.0
152.0
198.0
204 .0
21G.0
216.0
222.0

- 22840

07:236-08:236 EDT

(Q) WAS G.0761
WINC SPEED (U) WAS C.15 M/SEC.

MINUTES

85
85
85
85
85
85
85
a5
85
85
85
85
83
83
83
83
83
83
60
60
60
60
60
60
60
&0
60
6C
60
60
60
€0
73
73
13
73
73
73
73
73

48

DURAT ION CONCENTRATICN
AT 25 DEG C

~gC/ccC

BQSZE‘IO
l.20E-Q9
1.39E-05
1.10E-09
1.22E-09
8.98E-10
9.43E‘10
6.56E-1C
7.04E’10
6.17E-10
€.20E-1C
4.92E-10
1.5TE-10
l.E5E~-1C
1.97€E-140
6.02E~10
3.84F-1¢
5.27E°10
1.26E'10
l1.80E-1C
2..54E-10
2.16E'10
1.53E-1¢
2.88E-10
9. 85E-10
l1.11E-06G
6.81E-10
5.97TE-10
5.97E-1C
5.64E-10
4.47E-10
laS0E~-1C
9.29E'11
3,39E-10
4.19E-1C
4.56E-10
4415€E-190
3.31E~-1C
3.71E-10
3.40E-10

SFé
GM/SEC

CHI*U/Q
Mk =2

1-44E-05
2. 02E-05
2+35E-05
1.85E-05
2.06E-05
1.52E~05
1.59E-05
1.11E-C5
1.19E-95
1.04E-05
1. 05E-05
8.31E-C6
2+59E-06
3.06E-06
3.25E-C6
9.92E-06
€.33E-(G6
8.68E’06
1.48E-06
2-12E‘06
2.99E‘06
2.55E-06
2. 2TE-0Q6
2.39E-06
1.16E-05
l. 306-05
8.02E-C6
T.03E-36
7.03E~-Q6
E.64E-06
5.2TE-J6
2e 24E-06
1.35E-06
4.92E-06
GOQSE_Ob
6.62E~C6
6.02E-06
4.81E-06
5.38BE-06 .
4-93 E"06



TEST #4

B/6/14

07:36-08:36 EDT

WIND SPEED (U) WAS GC.15 M/SEC

GROUND SAMPLES

#

169
161
162
163
165
166
167
168
169

179

171
172

DISTANCE
METER S

409
4090
400
400
400
490
400
409
400
400
4C0
400

TEST #5

BEARING
DEGREES

234.90
24C0.0
246.0
252 .0
2€4.C
2730.0
276 .0
282.0
28840
29440
300.4
306.0

o 8/T1/74

GRCUND SAMPLES

#

DISTANCE

A METER S

1G9
109
100
100
109
1G2
100
1¢o
1CC
100
1C0
1¢n0
100

BEARING
DEGREE S

0.0
18.0
2440
33.0
36.0
42.G
48 .0
54 .0
€6C.C
1240
8".0
SC. 0
36.0

MINUTES

T3
73
73
73
13
13
13
73
73
73
73
13

ccscc

3.37E-10
4.20E-10
2.76E~-1C
2.17E-10
2.33E-~10

2.55E-10

l.€65E-1GC
1.78E-10
l1.45E-10
1 .45E-10
1.51€E~10
l.34E-14Q

Q7215-08:15 EDT

MINUTES

15
15
15
15
15
15
15
69
69
€S
69
€S
€9

49

DURATION CONCENTRATICN
AT 25 DEG C

cc/cc

8.31E-10
9. 89E-1G
7.51E-1C
8.23E-10
5.00E~10Q
54 84E-10
S.€lE-1C
2064E’10
3.1715E-140
3.26E-1C
3.€8BE-1C
2.85E-1C

SF6
SCURCE STRENGTH (Q) WAS 0.0761 GM/SEC

DURATION CONCENTRATION CHI=*u/Q
AT 25 CEG C

M%kx-2

4.89E-06
6.11E-06
4001E‘06
3.15E-0¢
3.38E-06
3.71E-06
2.3GE-06
2.59E-06
2.11E-06
2.10E-06
2.19E-06
1. 94E-C6

SF6
SCURCE STRENGTH (C) WAS 0.0765 GM/SEC
WIND SPEED (U) ®wAS C.26 M/SEC

CHI*U/Q
Mk =2

4.22E-06
5.02E-06
3.81E-Q6
4,.,18E-06
2454E-06
2.97E’06
2.85E-06
€.25E~-C6
8087E‘06
1.72E-06
B.14E-06
B.T7T3E-06
€. T4E-U6



TEST #5

SOURCE STRENGTH

GROUND SAMPL
# DI STANCE
METERS
18 109
19 100
20 100
21 100
22 100
23 100
25 100
26 100
27 100
28 160 -
29 100
31 100
31 100
32 1090
33 100
34 1460
35 100
37 100
38 100
41 100
42 100
43 100
44 100
45 100
46 100
47 100
48 160
49 1C¢0
50 100
51 100
52 109
53 100
55 1C0
56 160
57 100
58 100
85 200
87 200
88 200
89 2900

B/1/74

07:15-28:15 EDT
(C) WAS 3.0765 GM/SEC

WINC SPEELC (U) WAS C.26 M/SEC

ES

BEARING
DEGREES

1¢2.0
108.0
114.0
12G6.0
126 .0
132.0
144,40
150.0
156.0
1€2.0
168.0
174 .0
18C.0
186.0
192.90
‘198q0
204 .0
216.0
2¢2.0
240.0
246.0
252.0
258.0
264 .0
27C.C.
276.0
282.9
288.0
2940
300.0
3C€6.0
312.90
324.0
33C.0
33640
342.0
144.0
156.0
162.C
1¢8.0

MINUTES

6S
€S
69
665
€S
69
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
8%
85
85
85
15
15
15
15
gé&
8¢
86
86

50

DURAT ION CONCENTRATION
AT 25 DEG C

ccr/cc

3. 70E-120
2.€6E-1C
3.58E‘10
3.17€E-10
3.83E~-1C
6.18E~-19
1..03E-09
IQOQE-OQ
9.59E-10
1.31E-0S
2+04E-Q0S

2-27E‘09

2.31E-09
3.02E-0S
3.10E-09
3.18E-09
3.25E-05
3.32E-09
2. 10E-QS
3.79€E-(Q9
4.15€E-29
4. 25E-09
3.52E-09
3-15E—09
2.85E-09
2.26E-QS
2.17E-09
1.53E-09
IQUBE—Qg
6.89E-10
6.77E-10
T.55E-10
3.92E-10
l.17€-0S
1.50E-905
249E-09
1.72E-10
3.23E~-10
2.7T1E-10
3.38E-14

SF¢

CHI*U/Q

M = 2

8. T76E-06
6.31E-C6
8.4TE-06
7.51E’06
S.06E~0Q6
1.46E-05
ZOQZE‘OS
31.02E-05
2.79E-35
3.80E-05"

5.93E-05
€.61E-05
6.72E-05
8.77E-05
9.01E-05
9.26E“05
9.47E~-Q5
9.66E-05
7.87E-05
1.10E°O4
1.21E-04
1-24E-04
1.02E-C4
9.15E-05
B.2BE-05
6«58BE-Q5
6.33E-05
4+.45E-05
3. 14E-05
2.90E~-05
L.9T7TE-G5
2.20E-05
1.99E-06
5.93E~06
S.66E-06
1.26E-05
5.0T7TE-D6
S.51E-06
T.9TE-D6
3.94E-06



TEST #5
SOURCE STRENGTH (Q) WAS (.0765 GM/SEC

877774

Q7:15-08:215 EDT

WINC SPEED (U) WAS G.26 M/SEC

GROUND SAMPLES

#

90
91
92
93
94
95
‘96
97
98
99
199
101
102
193
104
105
106
1407
108
109
111
112
113
114
153
154
155
156
157
158
159
169
161
162
163
164
165
166
167
161

DISTANCE
METERS

200
200
200
260
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
2¢0
200
200
200
400
400
400
4G
400
400
400
400
400
400
400
400
400
400
4G0
400

SF6

BEARING DURATION CONCENTRATION CHI*U/Q

DEGREES

174.C
18C.C
186.0
152.0
158.0
204 .0
21C.0
216.0
222.0
228.0
234.0
240.0
246.0
252.0
258.0
264.0
270.0
276.0
282.0
288.0
300.0
3C6.0
312.0
31840
152.0
198.0
204.0
21C.0
216.0
222.0
228.0
234.0
240.0
246€.0
252.0
258.0
264.0
270.0
27640
282.0

MINUTES

86
86
86
86
B¢
86
86
86

86
86

86
86
86
8¢
86
86
ge
86
86

8é

86
.86

86

86
86
ge

86
86
86

86
86
8¢
86
86
8¢
86
86
8¢
86
86

51

AT 25 DEG C

cc/cc

4.64E-10

4,53E-10 -

5.€68E-10
1.04E~-09
9.04E~-10
7.81E-10
1.27E-09
8063E-10
1.92E-09

| 1.65E<09

1.80E-09
1.61E-09
2.37TE-09
1. 60E-09
1.21E-09
1.02E-09
1.U05E-09
I.GQEf09
1.30E-10
T.45E-10
4 .99E-10
6.28E~-10
4.03E“10
5.59E-10
1046E*10
1.68E-1¢
2e36E-10
204 42E-10
4.69E-10
4 69E~-10
T1-.21E~10
1.12E‘09
T.32E-10
4.52E-10
T.05€-1¢C
B.54E-10
T.82E-1¢
T.29E-10
T«30E-10
7. 15E-10

M¥k ¥ -2

1.36€E-05
l. 33E-05
1.67€E-05
3.07TE-95
2. 66E-05
2.30E-05
3.73E-05
2-54E‘05

5.65E~05
4.85E-05
5.28E-05
4.73E~C5
6.9TE-05
4. TIE-Q5
3.57€E-05
3.01E-05
3.10E-05
3.06E-05
2.15E-05
2.19E~-05
1.47E-05
1.85E£-05
1.1GE~-Q5
1.65E~-05
4.30E-Q6
5.53E-06
6.95E~06
T.12E-06
1.38E-C5
1.38E-05
2.12E-05
3.29E~05
2.16E-05
1.45E-05
2.07E-05
2.51E-05
2. 30E-05
2.15E-05
2.15E~-05
2.28E-05



TEST #5

8/7/74 07:15~08:15 EDT " SF6

SCURCE STRENGTH (Q) WAS 0.0765 GM/SEC

WINC SPEED (U) WAS Q.26 M/SEC

" GROUND SAMPLES

#

169
179
172
212
213
214
215
216
217
219
229
221
222

DISTANCE

METERS

400
400
400

1373
715
719
559
797

683

2663

2599

1987

1962

AERTAL SAMPLES

# DISTANCE

METERS
801 210
802 589
8013 112
BJ6 605
BOT 263
809 786
810 300

268

52

BEARING DURATION CONCENTRATICON CHI*U/Q
AT 25 DEG C

DEGREES  MINLUTES cc/cc Mk =2

2€88.0 86 T.59E-10 2.23E-05
2S4.0 g€ 7.55E-10 .2+ 22E-05
'306.0 86 1.39E-10 4.10E-06
146.0 103 5 45E~-11 1.92E-06
2C5.0 11¢ 4.€6TE-10 l. 856-05
236 .0 98 4.49€E-10 1.50E-05
241.0 99 8..36E-10 2.83E-05
262.5 101 5.63E-10 1.94E-05
317.0 99 5.40E-10 1.83E-(05
331.0 120 1.74E-10 7.06E-06
327.0 120 2.10E-10 8.52E-06
33640 120 2.32€-10 9.42E-06
332.0 126G 3.39E-10 1.38E-05
BEARING HEIGHT CCNCENTRATICN CHI*U/Q

AT 25 DEG C

DEGREES METERS ccrscc M&k -2

231.1 265 3.50E-08% 7.11E-05
21¢€¢.8 265 5+5GE-06 1. 13E-04
248 .8 280 2.J5E-09 4.16E-05
16G.1 289 3.61E-09 7.33E-05
204.8 271 1.39E-0S 2.82E-05
231 .4 4.62E-09 S.37E-05



TEST #6

8/8/14 ,
SOURCE STRENGTH (Q) wAS 0.0781 GM/SEC

06:45-07:45 EDT

WINC SPEELC (U) WAS C.23 M/SEC

GROUND SAMPLES

# DISTANCE

METERS
1 109
2 100
3 100
4 100
5 100
6 160
7 100

10 100

11 100

12 100

14 100

15 100

18 100

19 100

20 160

21 100

22 160

23 100

24 100

25 100

26 100

27 100

28 100

29 1C0

31 109

32 100

33 100

34 100

35 100

36 100

37 100

38 100

39 100

42 100

43 160

44 100

45 100

46 100

47 160

48 100

BEARING DURATION CONCENTRATICN
' AT 25 DEG C
CECREES

C.0
6.0
12.G
18.0
24 .0
3¢.0
36.0
54,0
60.0
€6.0
78 .0
8400
1CZ2.0
108.0
114.0
12C.0
126 .0
132.0
138.0
144 .0
15C.0G
15€¢.0
162 .0
168.0
16C.C
186 .0
162.0
168.0
204 .0
21C.0
216.0
222 .0
228.0
24€ .0
252 .0
258.0
2¢4,.0
270 .0
27640
282 .0

MINUTES

55
£
55
55
55
55
58
61
61
61
61
61
61
61
61
€l
61
61
€l
13
73
732
73
13
73
73
73
13
73
73
LE
73
73
13
T3
73
13
73
T3
13

53

CcsccC

5.4TE-10
4012E‘10
56 56E~-10
5.20E‘1G
8.98BE-10
l.57€E-0S
2.71E-09
2.14E-09
l.76E-06
T.02E~1C
9.79E-10
60‘!9E“‘10
l.78E-10
5«17TE-10
2.97E-1C
1-95E‘1‘0
2.25E-10
2.56E-1C
1.17E~-10
1.20E-10
8.84E-11
2.42E-1C
T«17TE-10
1. 78E-09
1.92E"09

1.98E-09

1.87E-06
1.60E-09
2.25E-D9
2. €3E-0S
4,46E-069
4.75E-09
5.,08E-06S
3.96E-06G
3.29E-09

3.50E-0G

4.40E-09
2.21E-09
1. 75E-49

SF6

CHI*U/Q

M 2

8.99E-06
€. 17E-C6
9.13E-06
8. 54E~-Q06
S«.93E~06
1.48E-05
2058E-05
4,92E~-05
3.89E-05
3. 20E-05
1.2BE-CS
1.78E-05
1. 18E-05
3.23E-0¢6
9041 E’Oﬁ
5.41E-06
2.55E~-Q6
4.09E—06
4. 66E~Q6
2.54E-06
2.62E-06
l. 92E-Q6
5.25E-06
1 -56E‘05
3.87E-05
4, 16E"'CS
4.31E-05
4.06E-05
3.48E-CS
4.88E-05
5. 7T1E-05
S.68E-05
1.03E-04
l. 10E-Q4
8.60E~C5
7.15E-05
B. 46E-Q0S
9.55E-05
4. T79E-05
3. 80E-05



TEST #6

8/8/74

T 06:45=-07:45 EDT
SOURCE STRENGTH (C}) WAS 0.0781 GM/SEC

WINC SPEEC (LU) wAS 0.23 M/SEC

GROUND SAPMPLES

#

43

50
51
53
55
56
57
58
59
61
62

63

64
65
66
67
68
70
71
T4
76
77
79
81
83
8A
92
94
95
96
98
99

100

101

102

104

105

106
107
108

DISTANCE®
METERS

10
100
100
100
100
100
160
100
100
200
200
200
200
200
200
200
200
200
200
200
260
200
200
200
200
200
20
200
200
200
200
200
200
200
200
260
200
200
200
200

SFé¢

BEARING DURATION CONCENTRATION CHI*U/Q

DEGREES

288.C
264.0
30G.0
312.0
324.9
339.0
32¢.0
342.0
348.0
0.0
€.0
12.0
18.0
24.0
30.0
3ﬁdo
42.0
54.0
€C.0
78.0
S0.4
S6.0
108 .0
120.0
132.0
162.0
186.0
15€.0
204 .0
210.0
222.10
2280
234.0
240.0
246.0
258.0
2€64.0
210.0
276.0
282.0

MINUTES

73
13
13
13
5%
55
55
£s
55
55
€S
55
5%
58
55
55
55
61
61
€l
61
el
61
61
61
71
71
71
71
71
71
11
71
71
71
71
11
11
71
71

54

AT 25 CEC C

ccrscc

8.14E-10

5.70E-1C

5.71E-10
4,15E-10
2.14E-1G
4.21E-10
3.88E-10
5.C%E-1C
7.83E-10

2.00E-10

2.64E-10

2.63E‘10

3.02E-10
4.09E-1¢C
5.66E-10
l.11E-09
8.49E‘1C
1.80E-09
1.12E-99
7.91E-10
1.05E-10
T.71E-11
4.86E-11
4.,21E-11
2.09E-11
3.28E-11
2.13E-11
1.50E-11
2.50E~11
3.72E‘11
1.72E-10
6«13E-1C
4.52E-19D
6.29E-1Q
5.09E~10
3 .49E-09
1.51E-09
9.81E-11
l.76E-140

Mk = 2

1.77E'05
l. 24E-25

- 1424E-05

S.02E-06
3.51E-06
6.91E-06
6.38BE-06
8.36E-(6
1.29E-05
3.28E-06
4.34E-C€
4.32E-06
4.97TE-06
€.72E-C6
9.29E-06
1.83E-05
1.39e-05
3.2TE-05
2.03E-05
l.44E-035
1090E‘06
l.40E-06
8.83E-07
T.65E-27
3.89E-07
€.92E-07
4.50E-07
3.18E-07
€.13E-07
T.86E-07
3.64E-06
QZOE-Uﬁ
9.54E-06
1.33£-05
1.07E-05
7.37€E-05
3.18E-05
J.46E-QE
2.0TE=-06
3.72E~06



TEST #6

8/8/174

WIND SPEED (U)

GROUNLC SAMPLES

#

111
113
116
118
129
126
127
139
131
132
133
134
152
154
156
158
169
162
164
166
167
170
172
206
208
210
212
214

DISTANCE
METERS

200
269
200
200
200
400
409
4400
400
4G0
409
400
400
409
409
4C0
400
400
4Cy
400
400
400
4090
916
782
1170
1373
7170

C€245-07:45 EDT

SFé
SCURCE STRENGTH (CQ) WAS 2.0781 GM/SEC
WAS C.23 M/SEC

BEARING DURATION CONCENTRATION CHI*U/Q

CEGREES

300.0
312.0
330.0
342.4
354.4Q
30.0
36.0
54.0
60 .0
66.C
12.0
78 .0
18¢6.C
1s8.0
210.0
222.C
234.4Q
246 .0
258.0
21C.C
276.0
294.0
3C6.0
56 <5
78.0
12S.0
146 .90
23¢€.0

MINLUTES

71
71
55
55
55
55
55
55
55
55
5%
55
70
74
7
7¢
7C
10
TQ
1C
7C
70
7C
121
11z
165
103
S7

55

AT 25 CEG C

ccscc

3.34E~11
2.53E-11
3.25E-11
1.22E-1D
1.54E-10
6.59E~11
9.50E-11
1.52E-1¢
l.U3E-1<
7.50E-11
4.48E-11
4.06E-11
1.37E-11
8. 04E-12
2.50E-11
9.36E-12
9.55E-12
3.30E-11
3.7T4E-11
2.88E~11
1.776-11
2.90E‘11
2.95E°11
2.49€E-11
2.44E-11
1.71E-11
1.48E-11
T.18E-11

Mk -2

T.05E-07
6.1BE-07
5434E-07
2.00E-06
2.53E-06
1.08E-Q¢
1+56E-06
2.505‘06
1.69E-Q6¢
1.23E-06
T.36E-Q7
2-86E°07
1l.68E-07
5.20E-C7
1.95E-07
1. 99E"07
€.87E-CT7 -
T.7BE-0Q7
6. 00E-Q7
3.69E-07
6.15&‘07
8.91E-07
T.96E-27
5.31E-07
4.51E-07
2.06E-06



TEST #6 8/8/174 C6:45-07:245 EDT SFé€
SCOURCE STRENETH (QC) WAS J.0781 GM/SEC
WINC SPEEC (U) WAS 0.23 M/SEC

AERIAL SAMPLES

# DISTANCE ' BEARING HEIGHT CONCENTRATICN CHI*U/Q
' AT 25 DEG C
METER S CEGREES METERS cc/sccC M%%-2
802 118 51.7 301 8.10E-09 1.43E-04
803 690 60.8 2592 3.87E-10 6.82E-06
804 360 52.4 335 3.74E-09 6. 59E-0Q5
805 1202 52.3 365 3.85E~10 6.78BE-Q6
806 G545 55.4 28¢ 2.49E-10 4.39E-06
807 218 5.8 316 3.20E-09 5.63E-05
808 1506 55 .9 323 3.62E-10 6.37E-Q6
809 31C0 45.8 323 1.20E-10 2.12E-06
TEST #7 8/9/174 07:11-08:11 EDT SF6
SOURCE STRENGTH (Q) WAS 0.0786 GM/SEC '
WINC SPEELC (U) WAS 0.32 M/SEC
GROUND SAMPLES
# DISTANCE BEARING DURATION CONCENTRATICN CHI*U/Q
' ' AT 25 DEG C
METERS CEGREES MINUTES cc/cc M* &~ 2
1 109 ¢.0 16 4.04E-29 l. 26E-04
2 100 6.0 76 5.37TE-09 1. 74E-04
3 1¢o 12.0 76 4 +.43E-09 1.38E-04
4 100 18.0 1€ 4.C6E-CS le 27E-04
5 100 24 40U 76 3.65€E-09 l1.14E-Q4
6 160 3C.¢C 16 4 06E-09 1.27E-04
7 160 36.0 16 3.15E-05 9.83E-35
9 100 48 .0 16 2.76E-09 8.62E-CS
10 100 54.0 T7. 4.T4E~09 1.50E-04
11 100 €0.0 117 2.58E-06 S. 43E-C5
12 100 66 .0 77 2.98E-09 S.42E-C5
13 100 12.0 17 2.11E-09 6.68E-05
14 100 18.0 11 2.38E-09 1. 53E-05
15 100 84 .0 17 2.53E-09 1.58E~CS
16 100 5C.0 117 8.21E-1D 2.60E-05
17 100 36.0 11 3.00E-1¢C S.49E~-Q6
18 160 102.0 17 1.32E-11 4.,17€E-06

56



TEST #7 ;
SOURCE STRENGTH (Q) WAS G.0786 GM/SEC
WINC SPEEC (U) WAS C.32 M/SEC

8/9/174

GROUND SAMPLES

¥

19
20
21
22
23
24

25

26
28
29
39
31
32
38
19
41
42
44
45
46
47
48
49
50
51
55
57
59
60
61
62
63
64
65
66
67
68
69
72
73

DI STANCE
METERS

100
100
166
100
100
1C0
100
160
160
100
100
160
100
100
160
109
100
100
100
100
100
100
100
1C0
100
100
160
100
100
200
200
200
2¢0
200
200
200
200
200
200
200

BEARING
CECREES

1C€.0
114.90
12C.0
126.0
132.0
138.0
144.0
150.0
162.0
i€e.0
174 .0

.18C.0

186.0
222 .0
228.0
240.90
2460
258.0
264.0
2790.0
216.C
28240
288 .0
2G4.0
3CC.0
324 .0
336.0
348.0
354,90
Uadd
6.0
12.0
18.0
24.0
30.0
26.0
42.0
48 .0
€6.C
72.0

- 07:11-08:11 EDT

DURATION CONCENTRATICN
AT 25 DEG C
¥ INUTES

17
77
17
11
17
17
19
79
19
1S
79
19
15
79
15
1S
79
19
1S
79
79
1s
79
19
1S
76
16
1€
16
16

7¢

76
16
1€
76
16
1€
76
17
11

57

cc/cc

4.51E-11
2e24E-11
5.24E-11
Se.12E-11
8.90E~11
7-165‘11
2.69E°11
3.39E-11
1.81E-11
2.35E-11
2+429E-11
4.5TE-11
l.71E-10
S.72E-11
T.€1E-1C
1.J06E-09
l.54E-09
2.€1E-QS
3.32E-99
4QU4E“09
6.22E‘09
5;37E-Oq
4. 63E-09
2. 16E~-QS
3.92€E-09
2. 16E-09
2.32E-QS
3.19E-09
7-04E-10
T.40F-1C
6.7T1E~10
Be 74E-10
6.98E-1C
6.23E-10
7.21E-1C
5.57E-1¢C

4.79E-1C

4.10E-1C
1.96E‘1C

SFé6

CHI*/Q
M*%-2

l. 55E~-Q6
T1.09E-07
1066E‘06
2. 8BE~-Q6
Z.81lE-Ce
2.26E-06
l. 71E~-C6
8.73E-07
1.10E-06
5.86E-07
T.63E-C7
Te44E-07
1-485‘06/
5.53E~Cé
3.15E‘06

2. 4TE~-Q5

3.445“05
4«99E-05
8. 4TE-Q5
1.08E-C4
1.31E-04
2.02E-04
1;74E’C4
1.50E-04
8. 94E-05
1.22E-C4
8.,60E-05
1. 23E-05

.S.97E-C5

2.29E-95
2.31E-05
2.0G9E-QJ5
2.13E-05
2. 18E-Q5
1.94E-05
2.25E~Q5
le B6E~C5
1.49E-05
1.29E-05
€.20E-06



GROUND SANMPLES

TEST #7

# DISTANCE
METERS
T4 200
75 200
77 200
90 200
102 200
103 2¢0
105 200
106 260
107 200
108 200
109 200
111 200
112 240
113 200
114 209
116 200
118 200
120 200
123 400
124 400
125 400
126 400
127 400
128 400
129 400
130 400
131 400
135 400
163 409
165 4CQ
167 400
169 400
214 179
215 559
218 885

8/9/74

07:11-08:11 EDT
SOURCE STRENGTH (Q)

SFé
WAS 0.Q0786 GM/SEC
WINC SPEED (U) WAS C.32 M/SEC

BEARING DURATICON CCNCENTRATICN CHI#U/Q

DEGREES:

1€.0
84 .0
G6.0
174.0

246 .0

252.0
264.0
270.0

21640

282.9
288.0
3GU-CV
336.0
312.0
318.0
330.0
342 .9
354.C
12.0
18.0
24.C
30.0
36.0
42.0
48.0
54 .0
€C.C
84.0
252 .0
264.C
276.9
288.0
23¢€.40
241.0
324.9

MINUTES

17
77
11
75
79
79
79
79
79
19
79
15
15
79
75
7¢
76
76
71
71
11
71
71
71
71
71
11
71
77
17
11

17

121
125
154

58

AT 25 DEG C

ccscc

8.32E-11
9,.15E~11
2.02E-11
T-87E-12
B.5TE~12
l.97E-11
2.52E-11
1.43E-10
2. 54E-10Q
2.22E-1C
1.31E-10

3.88E-10
1.17E-05S
6.83E-10"

6. 44E-10
1. 1BE-QS

1.305-0?

9.69E-10
l.17E~1GC
2.25E~-10
Z.ébE‘lO
2+.56E-1C
2.T2E~10
1.93E-10
5.39E-11
2.91E~11
5.4d8E-11
€.58E-12
2.47E-11

N 7092E‘12

1.57E-11
1 .04E-11
3.30E-11
S.08E-12
l.63E~11

M%k%-2

2. 63E-06

2.89E-0¢
6.39E-97
2. 55E-07
2.78E-C7
6.39E-07
8.18E-07
4.63E-06
B.25E-06
7.21E’06
4.25E-06
1.26E-05
3.79€E~-05
2+21E-Q5
2+.09E-15
3.68E-05
4.,05E~-CS5
3.02E-05
3.42E-06
6.56E-06
T.75E-06
T« 46E-Q6
T«94E-06
5.62E“06
1.57E~06
B.50E-07
1.48E“06
2.04E-Q7
71.82E-C7
2.50E-+Q7
4,96E-Q7
3.30E-07
1-63E’06
4e TSE-Q7
1-&25*06



TEST #7 E/S8/774 €C7:11-08:11 EDT SFé6
SCURCE STRENGTH (Q) WAS 5.0786 GM/SEC
WINC SPEEC (U) WAS 0.32 M/SEC

AERTAL SAMPLES

# DISTANCE BEARING HEIGHT CONCENTRATICN CHI#*U/Q
AT 25 DEG C
METERS DEGREES METERS ccr/scc M*%=2
802 394 34.3 313 2.22E-1¢ 5.39E-06
805 733 58.0 304 6.32E-123 1.54E-05
806 594 S8.7 31¢ 2.83E-10 6.89E-06
807 43D 2642 31¢ 4,56FE-10 1.11E-Q05
808 1145 45.0 298 8.12E~10 1.98E-05
806 1131 21.5 268 2.16E-10 5.25E-06
81n 243 27.7 301 5.52E-10C 1. 34E-05
811 184 35647 316 8.32E-10 2.02E-05
TEST #8 8/10/74 07:15-08:15 EDT ‘SFE
" SOURCE STRENGTH (Q) WAS 0.0742 GM/SEC
WINC SPEELC (U) WAS C.34 M/SEC
GROUND SANPLES
# DISTANCE BEARING DURATION CONCENTRATICN CHI#*U/Q
' AT 25 DEG C
METERS CEGREES MINUTES ccrscc Mk k-2
1 100 C.C 71 2¢44E-09 8. 02E-05
2 100 6.9 71 1.97E-0G €6.48E-05
3 160 12.0 71 1.88E~09 6.18BE-05
l’ 100 18¢04 71 loglE‘Oq 6028E"05
5 100 24 .0 71 1.79E-09 S.87E~CS
6 109 33.0 71 1.83E-99 6 .03E-05
7 100 3¢.0 71 l.84E-06G 6.05E-05
8 100 42.0 71 l.37E-06 4,51E-05
9 100 48,0 71 2.14E-09 7.02E-05
1) 160 54,0 7C Le 66E-06G 5.39E-05
151 100 6040 7€ 1.25E-06 4.04E-05
12 100 66.0 79 l.73E-09 5.59E-05
13 109 72.0 7€ 1.GTE-09 3.47E-925
14 100 78 .0 7C 1.COE-0QS 2,24E~05
15 100 84.0 77 1.63E-09 5.27€E=-05
16 1C0 6C.0 1C 1. L1E-06S 3.61E-05
17 100 960 70 l1.33E-09 3.34E-05

59



GROUND SAMPLES

#

18
19
20
21
23
25
26
28
29
39
31
33
35
36
37
38
3g
41
42
44
45
46
47
48
50
51
53
55
56
57
58
59
69
61
62
63
64
65
66
67

TEST #8 :
SCURCE STRENGTH (Q) WAS 0.0742 GM/SEC
WINC SPEEL (U) WAS G.34 VM/SEC

ODISTANCE
METERS

100
100
160
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
160
100
160
160
100
100
100
100
100
1C0
100
100
1¢0
100
200
200
200
200
260
200
209

-8/1C/74

BEARING DURATION CONCENTRATICN
' AT 25 DEG C

DEGREES

102 .0
1C8.0C
114.0
120.0
132.40
144.0
150.0
162.0
1€8.0
174 .0
180.0
162.0
204 .0
210.0
216.0
222 .0
228.40
24C.0
246.0
258.0
264.C
270.0
216.40
282.0
294 .0
3C0.0
312.0
324 .0
33¢0.40
33¢.0
342 .9
348.0
354.9
0.0
6.0
12.0
18.0
24.0
3C.0
‘36.0

07:15-08:15 EDT

MINUTES

70
10
7C
70
7C
60
€0
60
64
60
6¢C
€0
60
63
60
60
60
58
58
58
58
58
58
5€
58
58
58
71
71
11
71
71
71
T1
71
11
71
71
171
71

60

ccscc

1.74E-09
1.54E-09
1.66E~0QS
1.34E-09
1.15E-09
1l.42E-0S9
3.03E-09
l-SIE—Og
1.88E-06S
2.45E-09
3.38E-09

2.03E-QS:

1-64E‘09
2!11E°09
2.15E-09
1.52E~-09
1.68E‘09
1.61E-09
1.47E-39
1.47E'09
1.G2E-0S
1.31E-09
1.64E’09
1.14E-05
6.78FE-10
6.20E-19
3,29E~14
Z.QBE-ID
3.10E-10
2.82E-1C
3.22E-10
3.37E-10
2024E~0S
T.01E-11
2415E-19
2.06E-1C
3.92E-14Q
3.63E-1D
4.90E_1C
7-06E—10

SFé€

CHI*U/Q
Mx%¥-2

S.€E4E~-Q05
5.01E-05
537TE-05
4433E~-05
3.73E-Q5
3.96E-05
B4.43E-Q05
4,20E-25
5. 22E-05
£.83E-C5
9.42E-05
5. 64E-05
4.58E-05
5.89E-05
5.99E-05
4o 24E-05
4.6TE-D5
44 33E-05
2.95E-05
3.95E-05
2. T4E-Q5
3.54E-05
4e42E-05
3.07E-05
1.83E-05
l.67TE-DS
8-86E'06
S.80E-Cé€
IQOZE“JS
S.27E~Q6

‘1.06E-05

1.11E-05
T+ 35E~35
2+32E~C6
T.0TE-06
€. 78E-0Q6
1.2GE-25
1.19E-95
l.61E~0Q5
2.32E-05



TEST #8

SOURCE STRENGTH

8/10/74

GROUND SAMPLES

# DISTANCE
METERS

68 200
70 200
12 2G0
73 200
T4 200
15 2C€0
16 200
82 200
84 2C€0
86 200
87 260
88 200
89 200
9 200
91 209
92 200
93 200
94 200
g5 200
97 200
98 200
99 200
109 200
101 200
102 290
103 240
1G4 200
106 200
107 200
108 200
117 200
111 200
115 200
116 200
117 2C0
118 2350
119 200
12¢ 200
152 400
154 400

BEARING  DURATION CONCENTRATICN
AT 25 DEG C

CEGREES

42.0
54 .0

66.0

12.0
78.0

84.0

SC.0
126 .0
138.0
150.0
156 .0
le2.¢
168.0
174.0
18C.Q
186.0
192 .0
i98.C
204 .0
216.0
222.9
228.0
234 .0
24C.0
246.0
252 .0
258.0
270.0
276 .0
282.9
254 .0
300.0
324.0
330.90
336.0
342.0
348.0
354 .0
186.0
198.0

37:15-C8:15 EOT

(Q) WAS G.0742 GM/SEC
WINC SPEEC (U) WAS 0.34 M/SEC

MINUTES

11
71
71
71
71
71
71
71
11
45
45
45
4%
45
45

4%

45
45
45
45
45
4%
67
67
€1
67
67
€1

6T

67
&1
67
11
71
71
71
11
71
70
10

61

ccscc

S.34E~1C
‘0-45E-10
8.15E-10
l.C5E-QS
l.U6E-09
6.62E-10
7-58E’10
2.31£-10
l.66E-10
1.45E-1¢
T.95E-11
1.01E-1Q
8. 15E-11
l.61E-10
9.72E-11

l.16E-1G

l1.49E~10
5.16E-11
5.€64E-11
3.12E-10
4.00E-10
1.91E~-10
8.01E-11
5.45E-11
7.53E-11
1. 83E-10
3.39E~10
ZCGOE—IO
1.27E-14
2.G2E-1¢
10075‘10
5.038E-11
1.21E~1C
9.48E-11
l1.17E-10
8.04E-11
2.28E~-10
2. 72E~-11
4425E~11

SF6

CHI*U/Q
MA*=2

l. 75E-05
1.46E‘05
2.6BE-05
3046E‘05
3.4BE-C5
2.1TE-05
2. 49E-05
2. S8BE-Q6
l.63E-C6
2«07TE-06
l. 80E-C6
2.30E-0¢€
2.00E-06
2.06E-Q6
1.06E-06
1. 16E-06
6.41E-06
8.22E-06
3. 04E-06
5.93E-06
2.49E-06
1.69E~-Q6&
2+34E-06
SﬁbTE—Oﬁ
1.056~-G05

- 8.06E~-C6

3.93E-06
€.26E-06
3.32E-06
1.6TE-Q6
3.97e~06
3.12E-06
2.64E-C6
1.49E-06
8.82E-Q7
1.38E-306



TEST #8  8/10/74 07:15-08:15 EDT ~ SF6
SOURCE STRENGTH (Q) WAS 0.0742 GM/SEC
WINC SPEED (U) WAS G.34 M/SEC

GROUND SAMPLES

¥  DISTANCE

62

BEARING DURATION CONCENTRATION CHI*u/Q
AT 25 DEG C
METERS DEGREES MINUTES cc/cc Mk ¥~ 2
155 400 2G4.0 ¢ 6. 73E-11 2.1BE-06
156 400 210.0 7C 6.00E~11 ~ 1le94E-C6
157 400 216 .0 [a 5.48BE-11 1.77E~-06
159 400 228.0 70 l. 48E-13 4. TBE-06
160 400 224,90 ¢ l.21E-1C 3.93E-Q6
161 4C0 240.0 70 T.89E-11 2.56E-06
162 400 246.0 1C 1.00E-10 3.26E-96
163 400 252.0 70 lo17E~1C 3.78E-06
164 400 258.0 10 1.06E~10 3.43E-06
165 - 400 264.0 7C 8.22E-11 " 2.66E-06
166 - 400 2790.0 10 1e46E-10 4aT4E-Q6
167 400 276.0 70 1 .85E~-10 6.01E-06
168 400 28240 1C 1.82E-10 5.88E-06
169 400 288.0 70 1.29E~10 4.18BE-06
170 400 294 .0 70 l.46E-1C 4.75E-06
171 400 3CC.0 ¢ 1.39E-14 4.52E-06
172 400 306.0 10 l.11E-10 3.60E-06
TEST #9 8/11/74 0€:25-C7:25 EDT SFeé
SCURCE STRENGTH (Q) WAS D.0756 GM/SEC
WIND SPEED (L) wAS 0.23 M/SEC
GROUND SAMPLES
# OISTANCE BEARING DURATION CONCENTRATION CHI*U/Q
AT 25 LEG C
METER S DEGREES MINUTES ccsccC Mk & -2
19 100 54.0 53 '3.78E-10 6.18E-06
11 1¢0 €C.0 53 3.53E-140 5.78E-06
12 100 66.0 53 3.€9E-1C €. U4E~Q6
13 1C9D 12.0 53 2.9D0E~-10 4T4E-06
14 160 18.0 53 ; 3. 13E-10 6.11E-0U6
15 100 84.0 53 3.56E~1C 6.48BE~-06
16 1C0 90 .0 53 , 3e34E-1G 5.47€-C6
17 100 S6.0 53 3.41E-119 5.58E-06



GROUND SAMPLES

#

19
24
21
22
23
24
25
26
29
31
32
33
34
35
36
37
38
39
41
42
44
45
46
47
48
5i)
51
52
53
79
71
72
73
T4
76
17
79
81
84
86

TEST #9

SCURCE STRENGTH
WIND SPEED (L)

DISTANCE
METER S

100
100
100
160
1090
100
1090
100
100
1309
100
100
100
100
100
130
100
100
100
100
100
100
100
100
160
100
109
160
1090
200
200
202
200
200
2Q0
200
2¢0
200
200
200

8711/74

BEARING
DEGREES

108.0
114.0
120.0
126.0
132.0
138.0
144.0
150.0
168.0
180.0
186.0
192.0G
168.0
2C4.0
210.0
216.0
2220
228.0
243.0
24€.0
258 .0
264.40
27C. 90
276 .0
282.0
264.3
309043
306.0
312.0
54.0
6040
€€.C
720
78.0
SC.0
96 0
1C8.0
12C.C
138.0
158.0

06:25-07:25 EDT

(Q) WAS 0.0756 GM/SEC
WAS G.23 M/SEC

MINUTES

53
53
53
53
53
53
73
73
73
T3
13
13
73

13
13
73

13
13
73
13
13
13
13
73
13
13
13
13
13
33
33
23
i3
33
33
33
33
33
33

S7
63

cCsccC

3.30E-10
3. ZSE-IO
3.34E-140
3.11€E-10
3.06E-14
3.53E-140
343E-10
5.04E-14
1.10E-0S
1. 75E-09
2.21E-09
2.11E-D9
4.02E-0S
4419€-09
5.78E-09

5. T4E~-09

8.55E~0Q6
5.84E~-09
5.17E~-0S
5.925"09
6.46E-09
8.98E-99
6.34E-09
5.,49E-09
3.33E-0S
2.7TTE-09
1.37e-06
3.€0E~1C
3.17TE-10
3.64E-10
3.16E-10
3.37E-10
2.49€E-10
3 025 E-la
2.80E-10
2.58E-1C
2.62E-10

SF¢€

DURATION CONCENTRATION CHI*U/Q
AT 25 DEG C

MEk-2

5.40E-06
5.31E-06
5.47E-06
5.10E-06
5.02E-26
5.78E-Q¢€
7 GTDE-Ob
1.13E-05
2.47E-05
4 04E-QS5
3.93E-05
44.95E-05
4.T4E-D5
9.01E-05
S.40E-05
1.30E-04
1:29E-04
1.92E-04
1.31E~04
le 29E-04
1.33E-04
1 u"SE-O‘f
1 «36E-04
2.G2E-C4
l1.42E-04
1.23E-04
7.48E~C5
6.22E-05
3.08BE-05
3.71E~-Q6€
3.27TE-06
3. T7T5E-0D6
2.26E-C¢
3.48E-06
2.57TE-06
2.02E-06
3.35E-06
2.89E-N6
2.66E-06
T«T8BE-D6



GROUND SAMPLES

TEST #S

SOURCE STRENGTH (Q) WAS 9.0756 GM/SEC
WINC SPEEC (U) wAS 0.23 M/SEC

# DISTANCE
METERS
87 200
88 2C0
89 200
90 200
91 260
92 2600
94 200
96 2C0
97 200
99 200
101 200
102 200
104 200
107 200
108 200
111 200
112 2G0
113 200
114 200
152 4C9
153 4C0
154 400
155 4C0
156 4090
157 400
158 4G9
159 400
160 400
161 400G
162 400
163 490
164 400
165 400
166 400
167 4900
168 400
169 400
170 430
171 400
172 400

8/11/174

BEARING
DEGREES

156.0
1€2.0
1€€.0
174 .0
180.0
18€.0
198.0
210.0
21€.0
228.0
240.0
246.0
258.0

2760

282.C
300.0
306.0
312.0
318.0
186.0
162.0
198.0
2C4.0
21C.0
216 .0
222.0
228.¢C
234 .0
24G.0
246.0
25240
258.0
264.0
270.0
276.0
282.0
288 .0
294.0
300.0
306 .0

€6:25-07:25 EDT

MINUTES

S7
57
S1
97
97
S7
S
S7
S1?
51
38
Se
98
S8

Se

98

98

58

S8
135
135
135
135
115
135
135
135
135
135
135
135
135
115
135
135
135
135
135
135
135

64

DURATION CONCENTRATICN
AT 25 DEG C

ccscc

410E-10
4.97TE-10
4.56E-10
3.43E—10
6.52E~10
3.99E-14¢
17.13E-1¢
1-29E‘09
1.32€E-09
1.24E-09
1.25E-D9
l1.14E-09
1.72E-09
ZCBBE_OQ
ZQIZE—Og
2417TE-0S
2.25E-99

 1.06E-09

9.585’10
256E-10
2¢55E-10
3.07E‘10
4 .35E-10
530E~1G
4.88E~-14

. 4.89E-10

8.34E-10
T.20E~1C
T.20E-10
6.36E—10
5.81E-1C
T«33E-10
6042E‘10
6.50E-10
5.76E‘10
5.00E-1C
6.36E-10
5«55E~10
5.26E-140
6.19E-10

SF6

CHI*U/G
M k=2

1.22E-05
1.48E-05
1.47E-05
1.02E-CS
1.94E-05
1.19E-95
2412E-G5
3.83E-05
3.92E-05
3.67E=405
3.75E-05
3.43E-05
5«15E-05

T B.65E~D5

6.37E-05
8.32E-05
6.7T5E-05
3.20E-05
2.172E-C5
IOOSE“QS
l. 04E-05
1l.26E~-05
1 - 78 E"05
2.17E-C5
Z.00E-Q5
2.00E-05
3.41E-05
2.95E£-05
2.94E"‘35

1 2.60E-05

2e38E-G5
2. 63E-05
2.66E-05
2+36E-05
2. U4E-05
2.6CE~-C5
2.2T7E-05
2.15E-05
Z.53E-05



GROUND SANPLES

#

210
211
212
213
214
215
216
217
218
219
229
222

AERIAL SAMPLES

#

801
802
803
804
805
806
8a7
808
809
81¢
11
812
813
814
815
Blé&

TEST #9
SOURCE STRENGTH (Q) WAS G.0756 GM/SEC
WAS 0.23 M/SEC

DI STANCE
METERS

1170
1324
13713
175
170
559
197
683
885
2663
2599
1962

DISTANCE
METER S

290
150
582
162
1G28
610
1471
1962
1174
108
395
509
529
1739
1044
1043

8/11/74

WINC SPEELC (U)

BEARING DURATICN CONCENTRATICN
AT 25 DEG C

CEGREES

126.0
128.0
146.0
2C5.0
236,90
241.C
252.5
317.0 -
324.0
3321.0
327.0
332.8

BEARING

DEGREES

228 .0
240.C
245 .4
273 .6
35C. 8
292.2
26045
333.8
341.7
318 .7
217.7
241.7
299 .8
338.5
345.2
351.0

€6:25-07:25 EDT

MINUTES

54

69

65
120
159
133
176
165
165
125
123
126

HEIGHT

METERS

283
289
2890
292
298
252
394
256
256
256
268
2€5
274
254
25§
240

65

ccsccC

2.41E-1¢ -

5 .995"11
2.€60E-1C
3.27E~-10
1.21E-10
l.56E~1¢C
5-15E‘10
4.65E-10
3.10E~-10C
2.90E-10
le76E-10

CCNCENTRATICN
AT 25 DEG C

CCrscc

2.80E-0S
6.60E’09
l1.51E-QS
4. 76E~-09
3.13€E-29
1. 84E-0S
1.30€E-09
7016 E-l.J
6.74E-10
5.59E~119
’. 0456’09
1.C1E-0S
9.41E-130
5.79E-10
€.08E-1C
6.90E-10

SF6

CHI*U/Q
M¥#-2

4. U2E-Q6
4.55E-06
1.20E-06
9. 53E-06
1.48E-C5S
4.90E-06
8. 38E-06
2.59E-05
2 .34 E-QS
1. 18E-05
1.09E-Q5
6.78E-906

CHI*U/Q
MkE -2

5.09E~-(05
1.20E-D4
2- 74E’05
8.65E-CS
3. 35E-G5
Z.36E-CS5
1.3DE-05
l. 23E-05

- 1.02E-05

l. B4E-Q5
1. 71E~C5
1.35E-05
1. 10E-05
l1.26E-C5



TEST #10

8/12/74  18:22-19:22 ECT SFé

SOURCE STRENGTH (Q) WAS G.0789 GM/SEC

WINC SPEEC (U) WAS D.75 M/SEC

GROUND SAMPLES

¥

25
26
27

28 .

29
30
31
32
33
34
35
36
37
38
39
41
42
44
45

46 .

47
48
49
50
51
52
53
85
86
87
88
89
90
91
92
93
95
96
97
98

BEARING DURATION’CUNCENTRATIDN CHI®/Q

66

DI STANCE
AT 25 DEG C
METERS DEGREES MINUTES CcCscCcC M*%k~2
160 - 144.0 61 l.05E-140 6.73E-06
100 150.0 67 1.26E-10 8.08E-06
100 156.0 67 l«49E-10 3.5TE-06
100 1€2.0C 61 1.10E~1Q 7. 11E-Q6
100 168.0 67 1.24E-10 1.98E-06
100 174.0 67 2.7T7E-14 1.78E~-05
100 180.0 61 6.56E-1C 4, 22E-05
1¢o 186 .0 67 1«U3E~Q9 E.63E-C5
160 162.40 6T 2+63E-09 1.70E~-04
100 198.0 €1 2.54E-(S 1. 89E-04
100 204 .0 67 2.172E-0S 1.75E-04
1¢0 210.0 67 4.11E-09 2.65E-04
100 21¢.0 &1 3.10E-0G 1. 99E-04
100 222 .9 67 2.30E-90S9 1.48E-04
160 228.0 617 1.71E-09 1.10E-04
100 24C .0 61 l1.10€E-09 7. JSE-Q5
100 246 .0 67 9.19E-1G 5.92E-C5
100 258.0 &1 2.96E-10 1.91E-05
100 264.0 €1 1<S9E-14 l. 28E-Q5
160 2790.0 67 1.50E-10 S.67E-Q6
100 282.0 €1 S5.58E-11 €. 42E-Q6
1G0 288 .0 67 9.65E-11 €.21E-C6
1C0 2S4.4 67 1.29E-10 8.29E-06
160 3C0.0 €1 7.89E-11 5. 08E-Q6
1C0 306.0 67 2.75E-10 1.77TE-05
1Co 312.C &7 G.34E-11 6.01E~D6
200 144.0 1d €. 71E-11 4. 51E~-C6
209 150.0 79 9.64E-11 6.48BE-C6
200 15€.C 7C 6.27E-11 4.21E-06
200 162.0 1¢ 5.15E-11 6. 15E-C6
200 168.0 70 1.19E-10 8.01E~C6
200 174.0 ~TC 8.99E-11 6.04E-06
200 180.0 70 40,27E-11 2.87TE-06
200 186.0 70 9.U9E-11 6.11E-C6
200 162.G 70 1.84E-10 1.24E-05
200 2C4 .0 74 1.43E-CS S« 58E-05
200 210.0 70 1.52E-08 1.02E-04
2¢C0 21€.0 1¢ 4. (6E-10 2.73E-D5
200 222.0 1cC 2.€3E-1€ le 77E-C5



TEST #10

8712714 18:222-19:22 EDT SFé

SCURCE STRENGTH (Q) WAS 0.0789 GM/SEC

WINC SPEED (U)-WAS C.75 M/SEC

GROUND SANMPLES

#

99
100
101
132
103
105
106
107
108
11¢
111
112
113
114
152
153
154
155

156

157
159
160
161
162
163
164
165
166
167
168
169
170
171
172
212
213
214
215
216
217

67

CISTANCE  BEARING DURATION CONCENTRATION CHI*U/Q
; | AT 25 CEG C

METERS DEGREES  MINUTES ccr/cc Mk =2
209 228.0 7C 1.39E-10 9.35E-06
209 234,90 70 8.33E-11 5.60E-06
200 240.0 70 1.21E-10 8.16E-06
200 246.0 7¢ 1.02E-10 6.87E-26
200 252.0 7¢ 7.75E-11 5.21E-C6
200 264.0 70 1.J6E=-10 7.15E-036
260 21¢.0 7C 1.30E-10 8.73E-06
290 27640 70 1.C2E-10 6. 85E-06
200 282.0 70 8.85E-11 5.95E-Cé
260 254.0 7¢ 1.16E-10 7.80E-06
200 300.0 10 1.11E-1¢ 7.45E-06
200 306 .0 70 3.87E-10 2.60E-C5
260 312.0 70 9. 19E-11 6.1BE-06
200 318.0 7C 9.G7E-11 €.09E-06
4G9 186.0 73 8.54E-11 5.98E-06
400 152.4 73 B.E5E-11 6.06E=-06 -
400 198.9 73 1.09E-1¢ 1. 64E-06
4C0 2040 73 9.40E-11 6.58E=06
400 210.0 13 8. 77E-11 6.14E-06
400 21640 73 5.14E-1C 3. 60E-05
400 228.0 73 7.96E-1G 5.57E-05
4CO 234.0 73 6.17E-10C 4.32E-05
400 240 .0 73 3.20E-1¢6 2.24E-05.
400 246.) 73 1.43E-10Q 1.00E-C5
400 252.¢C 73 9.23E-11 6.46E-06
400 258 .0 73 4.€6TE-11 3.27E-06
400 26440 73 6.97E~-11 4.8BE-U6
4C0 2700 73 2.95E-10 2.9TE-05
400 27640 73 8.S9E-11 €. 30E-06
400 282.0 73 7.56E-11 5.30E-06
4C0 288.C 73 8. 63E-11 6.05E~06
490 294 .0 72 1.C4E-10 7. 27E-06
400 300.0 73 9.20E-11 6.45E-C6
400 30640 73 T.65E-11 5.36E-06
1373 146.0 57 €.53E-11 3.81E-06
775 205 .0 94 9.99E-11 B4S9E-C6
770 236.0 96 1.95E-19 1.79E-05
559 241.0 11¢ 2.29E-14 2.41E-05
797 292.5 127 L. 12E-10 1.36E-05
683 317.0 152 1.G5E-10

1.53E-95



TEST #10

8/712/14

18:22-19:22 EDT
SOURCE STRENGTE (GQ) WAS 92,0789 GM/SEC

WIND SPEED (U) WAS C.75 M/SEC

GROUND SANMPLES

#

218

AERTAL SAMPLES

DISTANCE

METERS

885

# DISTANCE

METERS
801 394
802 166
803 766
804 2175
805 1552
806 3782
807 3782
8na 3782
809 579
810 1532
812 1460
Bl& 6300

BEARING
CEGREES

324.0

BEARING
DEGREES

226.7

2217

221 .7
231.8
22145
235.7
235417
235.7
214.2
223.7
221.3
234 .0

"DURATION CONCENTRATICN
o AT 25 DEG C
MINUTES

172

ccsccC

6.21E~11

SF6

CHI*U/Q

Mk 2

1.02E-05

FEIGKT CONCENTRATION CHI*U/Q

METERS

301
268
335
323
341
39¢
292
542
326
386
323
411

68

AT 25 DEG C

ccscc

8.93E-10
4434E~-10
2.74E-1C
5.97E-11
6.80E-11
3.93E-11
4.01E~-11
l.64E-0S
7 069E°11
l.78E-1¢C
1.14E~10

Mk =2

5.07TE-05
2.4TE-05

1.55E-C5

3.39E-06
3- 86&‘06
3.75e~-C¢€
2.23E-06
2. 28E-06
S.32E-U5
4.3TE-06
l.ClE-QS5
6.48E-Q¢€



GROUND SAMPLES

#

DV ~NOO D W

TEST #11

DISTANCE
METERS

100
100
1060
100
100
10U
109
100
1090
100
100
100
100 -
100
1¢0
109
100
1¢0
149
100
100
100
160
100
160
100
100
1C0
100
103
100
109
100
100
100
100
100
1CO
130
1Cu

8/13/174
SOURCE STRENGTH (Q)
WINC SPEEC (U) WAS 0.29 M/SEC

06:53-07:53 EOT

WAS (0.0825 GM/SEC

SFé

BEARING ODURATION CONCENTRATICN CHI*U/Q

DEGREES

0.0
6.0
12.0
18.0
24 .U
3C0.0

‘360"

42 ‘0
48.10
$440
6040
66.0
12.0
78 .0
4.0
SC.0
96 .0
102.0
1€8.0
114,.0
120.0
126.0
132.0
138.0
144.3
15C.0
162-&
168.0
174.0
180 .0
186.0
16Z2.C
198.0
234 .0
21C0.0C
216.0
228.0
240.C
246 .0
258.0

MINUTES

63
63
63 .
63
63
€13
63
63
63
63
63
63
63
63
€3
63
63
63
63
€3
63
63
63
73
73
73
3
13
13
73
13
73
73
13
73
73
13
13
73

69

AT 25 DEG C

CCscCccC

1.71E~-10
4.43E-10
1.32E-09
l.71E-0%
l.14E-99
1.50E-09
l.10€-09
8.83E-10
9.42E-1D)
1.04E-09

l.14E-09

IQIZE'OQ
5.44E-1C
lolqE‘Gg
1017E—09
6.€TE~-1GC
S.71E~1§
1009E'09
9.04E-10
2.88E-09
2-20E°Oq
2 «50E-09
1.14E-06
1.40E-3U9
1.39E-29
9. 78E-117
9.36E-1C
B.54E~10
T.36E~-10
9.82E~1C
5076E‘10
7.59E~190
5.84E-1C
8.JBE-18
4.70E’19
€.G1lE-1C
4.61E-10
1.97€-10
l1.26E-1C
9.62 E-ll

ME¥-2

3.82E-06
9.91E-06
2+95E-05 .
3. 83E~05
2.56E-15
3.35E-05
2. 4TE-Q5
1.98E~CS
2.11E-05
2032E‘05
2+56E~C5
2.,50E-05
1.22E-C5
2.55E-G5 "
2.63E-05
lo 4SE-05
1.28E-05
2.44E-05
2.J2E-05
6.44E-05
4.93E-C5
5.,60E-05
24 56E-CS
3.15e-05
2.53E-15
2.43E-05
2.21E-05
1.83E-05
2.54E-Q5
1.49E-05
197E-95
1.51E-05
2.09E-C5
1.22E-05
1.7%E-C5
1.20E-05
5.10E~26
3.28E~Q8
2.49E-06



TEST #11.  8/13/174 ~ C€:53-07:53 EQT. - SF6
SOURCE STRENGTH (Q) WAS (.0825 GM/SEC
WINC SPEELC (U) WAS 0.29 ¥/SEC

GROUND SANMPLES

# DISTANCE BEARING DURATICN CONCENTRATICN CHI®U/Q
. : AT 25 DEG C
ME TERS DEGREES  NMINUTES ccr/cce MAH-2

45 100 264.0 73 1.27E-1¢C 3. 30E-06
46 100 270.0 73 9,76E-11 2.53E-C6
47 160 276.0 - 73 1.05E~-190 2.T2E-06
48 100 282.0 73 1.10E-1¢C 2.85E-06
49 1C0 288.0 73 1.13E-10 2.92E-06
50 160 254.0 73 l.13E-10 2.94E-06
53 100 312.0 73 1l.02E~1¢C 2.64E-06
55 100 324.0 63 8.86E-11 1.996-06
56 100 33C.Q 63 5. 70E-11 1.28E-06
57 100 336.0 63 B442E-11 1.89E-06
58 160 342.0 63 T.0TE-11 1.58E-06
59 1C0 348.0 63 9. 71E-11 2.18E-06
60 100 354.9 63 7.706-11 "~ 1.73E-Cé6
63 200 12.0 56 7.10E-11 1.42E-06
64 200 18.0 56 5.56E-11 1.11E-06
65 200 24.0. 5¢€ 4429E-11 8.55E~-07
66 200 30.0 56 3.70E-11 T.3TE-07
68 200 42,0 56 l.48E-10 2.95E-06
69 200 48 .0 5¢ 1.C9E-19 2.18E-Q6
79 200 54,0 60 1.UlE-19 2.16E-06
71 200 €Ca0 €C 1. 06E-10 2.25E~-16
73 200 72.0 60 1.116-1¢ 2.36E-06
T4 200 78.0 60 1.26E-1D 2.69E-96
75 200 €4.0C 60 1.80E-10 3.85E-06
76 200 90 U €G 2.15€-1¢ 4 60E-U6
77 200 96.0 69 2 .66E-10 5.6TE=-J6
79 200 1C8.C 60 8.11E-19 1.73E-95
81 200 120.0 €n 1.11E-06  Z2.36E-15
82 240 126.0 63 1.J0E-29 2.14E-95
83 200 132.0 60 7«58E-10 1.62E-05
84 200 138.0 6C 6.78E-13 1.45E-(05
85 200 144.0 80 580E-10 1.64E-)5
B6 20D 150.C 8¢ 3. 88E-1¢0 1.10E-05
89 200 168.0 80 1.82E-1¢ 5.1TE~-Q6
90 200 174.0 84 1.72E-10 4.,88E=-06
91 200 18C0.¢C 80 l.67E-10 4,73E-06
93 200 192.0 80 2.27E~1C €.43E-C6
95 200 204.0 840 3 .46E-10 9.81E-06
96 209 21C.<C 80 2.79E-10 7.92E-C6
99 200 22840 8o 3.22E-06

70

1.14E-10



GRCUNC SANMPLES

#

190
102
103
124
135
106
107
108
109
112
111
112
113
114
115
116
117
118
119
124
123
124
126
127
128
129
131
132
133
134
135
136
152
153
154
155
156
157
158
159

TEST #11

87137174
SOURCE STRENGTH

06:53-07:53 ECT

Q)

WAS 0.0825 GM/SEC

WINC SPEEC (U) WAS €.29 M/SEC

DI STANCE

METERS

2090
200
200
200
200
200
200
200
200

200

200
2090
200
200
2C0
200
200
200
2C0
2C0
400
400
4G0
400
400
400
400
400
4G9
409
4G0
4C0
400
400
4C0
400
400
400
400
400

BEARING
CEGREES

214.0
246.0
252.0
258.0
264.0
270.¢
27€.0
282.0
288.0
254.0
300.0
306.0
312.0
318.0
324.0
330.0
376.0
342.0
348 .0
354.0
12.0
18.0
3.0
36 .0
42 .0
48.0
60 .0
66 .O
72.0
78.0
84,0
SC.D
18€.C
192.0
198.0
20440
21J.0
216.0
222.0

228 .0 -

MINUTES

840

80

8C
890
80
80
BC
89
80
8¢
80
89
84g
80
56
5¢
56
56
56
56
5¢
56
56
5¢
56
56
5¢
56
56
56
56
56
gg
88
a8
g8
88
88
EB
88

71

DURATION CONCENTRATICN
AT 25 DBEG C

ccscCcC

8.,40E-11
1.C3E~-1¢C
9. 74E-11
8.83E-11
1.23E-10
S.€1E-11
1.02E-1D
5.90E-11
10366‘10
l.05E-1C
9.22E~-11
6.92E-11
9.25E-11
6.9TE-11
9.52E-11

3.24E-11

5.57E~11
9.21E-11
3.57E-11
l1.45E-11
4.81E-11
3.80E-11

2.51E~-11
6.24E-11
3.78E-11
8.C7E-11
7.82E-11
T«89E~11
7-117E"'1].
1.06E-14
l.22E-140Q
1.18E~-1¢C
7.98E~-11
l.13E-10
l.55e-1<
l1.25€E-10

SFé6

CHI*U/Q
M*%=2

2+38BE-06
2.91E-06
2.58E-06
2. T6E-06
2-50E"06
3.48E-06
2. 712E-06
2+90E-C¢€
1.67E-06
3.85E-06
2-61E‘06
1096E-06
2.62E-G6
1.39E‘06

1. 90E~-06

6.4TE-CT
loDZE"Ub
1.11E-C6
1.84E-26
7. 12E"07
S.59E-07
7. 58E-07
l.17E-C6
SOQOE‘J-’
le 24E-C6
l.21E-0Q¢
TeS54E-2T7 -
l.61E~-Q6

1.56E-Q¢
1.57E-06
2. 33E-0Q6
3.31E-0C6
3.81E-06
3.67E-C6
Z2.48BE-C6
3.50E-06
4. B3E-CE€
3.GCE-Ce



GROUND SAMPLES

TEST #11

8/13/74
SOURCE STRENGTH (Q) wWAS 0.0825 GM/SEC

€6:53~-07:53 EOT

WINC SPEELC (U) WAS 0.29 M/SEC

# DISTANCE
METERS
169 460
161 400
162 400
163 400
164 400
165 400
166 400
167 400
168 4C0
170 400
171 4G0
172 400
TEST #10Q

GROUND SAMPLES

#

25
26
28
29
31
32
33
35
36
37
39

42

44

BEARING

' DEGREES

234,.0
240 .0
246.0
252.0
258.0
264.0.
2710.0
276.0
282.0
294..0
3300.0
3C6.0

8712714
SOURCE STRENGTH (Q) WAS 0.1058 GM/SEC

MINUTES

g8
88
g8
€g
88
88
ae

88

g8
g8
88

. 88

DURATION CONCENTRATICN
AT 25 DEG C

- CC/CC

8.09E-11
l.u6E~10
S.15E-11
Te46E-11
T.91E-11
9.86E-11
1.08E-1C
5.09E-11
5.95E-11
6.S0E-11
3.09E~-11
T7.10E-11

18:22-19:22 EDT

WINC SPEEC (U) WAS 0.75 M/SEC

DISTANCE

METERS

100
1C9
160
100
1CO
1¢0
1090
1C0
1C0
100
1CD
160
100

BEARING

CECREES

144.0
150.9
162.0
168,90
180.0
186.0
192.0
204.0
21C.C
216.9
228 .0
24€.1
258.0

MINUTES

61
67
67
€1
67
617
&7
67
67
61
67
67
€1

72

DURATICN CCNCENTRATICN
AT 25 DEG C

ccscc

5.08E-11
2.31E-14
1.16E‘09
1.54E-0S
4 .74E-09
2.55E-06G
3.37E-06
2 «45E-0QS
2. 64E-QS
1.96E-C6S
chqE‘lO
2.63E-10
lel6E~-11

SF6

CHI*U/Q
M* %2

2. 52E-06
3.31E~-Cé¢
2.82E-06
2. 32E-Q6
2.4€6E-(6
3.07E’06
3.37E-Q6
1.59E-06
1'85E‘06
2. 15E-06
S.64E-OQT
2.21E-36

1282

CHI*U/Q
M2

5. 64E~-06
2+56E~05
1.29E-04
1.71E-C4
5.26E~04
3.27E-04
3.74E-C4
2.T1E-04
2.93E-04
2. 18E~04
€.59€~C5
ZOQZE-OS
1. 2SE-C6



GRCUND SAMPLES

#

92

93

97

99
101
110
154
155
159
160
161
162
166
168
212
214
215
216
217

AERTAL SAMPLES

#

801
802
803
804
805
806
807
808
809

TEST #10

DISTANCE
METERS

2400
2090
200
204
200
209
400
400
400
4¢J
400
400
4C0
400
1373
710
559
797
683

DISTANCE

METERS

394
766
166
2175
1552
3782
3782
3782
579

8/12/74
SOURCE STRENGTH

BEARING
CEGREES

186.C
152.0
21660
228.&
240.0
294 .0
158.0
204.0
228.0
234.9
240 .0
246.0
27C.0
282.0
146.0
2326.0
241.0
292.5
317.0

BEARING
DEGREE S

22647
221.17
221.7
231.8
221.9
235.7
235.7
235.7
214.2

18:22-19:222 ECT

(Q)

MINUTES

7¢
7C
70
10
70
70
13
13
73
13
73
73
13
73
57
Sé
11¢
127
152

METERS

301
268
33s
329
341
39¢
292
542
32¢

73

KAS 0.1058 GM/SEC
WINC SPEEC (U) WAS C.75 M/SEC

DURATION CONCENTRATION
AT 25 DEG C

ccrsCcc

le4lE-11
1.59E~-1¢Q
6.U8E-11
2.06E-11
1.33E-11
1.73E-11
l1.71E-11
3.52€E-11
2.16E-10
1.83E-10
4.15E-11
2.71€E-11
1.68E-11

1.84E~-11

1.34E-11
9-46E’11
3.52E-11
1.62E-11
2+51E~11

HEIGHT CONCENTRATICN
AT 25 DEG C

ccscc

6.68E-10
Bong‘ll
1.83E-1¢
3.13E-11
7.07E-11
ICESE‘II
5.11E-11
3.10E-11
5.89E-1C

1282

CHI*U/Q
M*%~2

l1.63E-06
1. 84E-0S5
T.04E-06
2039E'06
l. 54E-06
2.00E~-C6
2.06E-06
4.25E-Q6
2.60E-05
1.24E-05
5.02E-06
3.27TE-06
2.03E-06
2‘22E-06
1.27E’06
1.50E-035
T.09E-0Q6
3.38E-Q6
6.26E~06

CHI*U/Q
Mk =2

6.54E~C5
8.32E-06
1.79€-G5S
3.06E-06
6.92E-O6
1.81E-C6
5.U0E-U6
3.0U3E-06
5, 77TE-Q5



TEST #10

8/12/74
SOURCE STRENGTH (Q)
WINC SPEELC (U) WAS C.75 M/SEC

AERTAL SANPLES

# DISTANCE
METERS
810 1532
8l2 1460
814 6900
TEST #11

GROUND SAMPLES

2

NNNAN NN ot 1 s s s
ADWNTSDOND DN

OO NV DWW N

DISTANCE
METERS

1C0
100
100
160
100
1C0O
100
100
100
1C0
100
1CO
160
100
1C0
100
100
160
100
100
1CO
100

BEARING
DEGREES
223.1

231.3
234.0

8/13/74
SOURCE STRENGTH (Q)
WINC SPEED (U) WAS C.29 M/SEC

BEARING
CECREES

0.0

6.0
12.0
1€.0
24.0
30.0
36-0
42.0
48.0
54.C
60.0
€6.0
12.0
18.0
4.0
102.0
114.0
120.0
12¢.C
132.0
138.0
144.0

- 18:22-19:22 EDT

HEICHT
METERS
366

222

411

DURATION CONCENTRATICN
AT 25 DEG C

MINUTES

62
€3
63
63
63
63
€3
€3
63
63
63
63 .
63
62
63
63
€3
63
613
€3
63
13

74

WAS 0.1058 GM/SEC

CONCENTRATICN
AT 25 DEG C

ccrscc

3.56E-11
8.30E-11
2.95E-11

06:53-07:93 ECT
WAS J.1069 GNM/SEC

cc/CC

T.53E-11
1.64E‘0g
2..19E-09
l.26E-3S
1.28E-06
1008E‘09
8.44E~10
6.17E-1¢
B.46E-10
6.84E-10
6.51E~-10
3.58E-10

- 5.34E-1C

8.18E-10
1.31E-069
1.45E-06
1.10E-09
S.43E-10
5.19E~10
4 .39E-10
3.43E-10

1282

CHI*U/Q

M #—2

3,48E-06

8.13E-06€

1282

CHI*U/Q

M*%-2

3.31E-06
4., 16E-05
8.7T7TE-05
5.03E-05
513E-05
4.,32E-05
3.37E-05
2.47E-05
1.22E-05
3.38E-05
2.74E-05
2.60E-95
1.43E~05
2e«13E-05
3.27TE-D5
5.25E~05
5.78E~05
4.41E~-05
3. 77TE-05
Z2.07E-C5
1.75E-05
1.59E-05



GRCUNLC SAMPLES

#

28
29
3n
31
32
33
34
35
36
37
39
41
68
69
70
71
75
16
77
79
Bl
82
83
B4
85
86
89
90

91

93
85
.96
110
135
169

TEST #11

8/13/14 :
SCURCE STRENGTH (Q) WAS 0.1069 GM/SEC

0€:53-07:253 EDT

WIND SPEEC (L) WAS €.29 M/SEC

CISTANCE

- METERS

100
100
100
100
100
100
1€0
160
100
160
100
100
200
200
200
200
200
200
200
200
200
200
200
200
200
209
200
2C0
209
200
2C0
290
200
400
4C0

BEARING
DEGREES

1€2.0
1€€.0
174.0
180.0
186.0
192 .0
158.0
2C4.0
210.0
216.0
228,C
240 .0
42.C
48.0

54.0
60.0

E4.0
90 .0

S6.40
1CE.0
120.0
126.0
132.0
138.0
144.C
15C.C
168.0
174.0
18C.C
192.0
2C4.90
21C.C
294 .0
B4.0
2€8.0

MINUTES

73
73
73
73
73
73
73
13
73
73
73
13
56
56
60
60
60
60
6C
60
60
60
&6¢C
&0
8C
8g¢
gq
8¢
ge
80
88
8¢
8¢
56
ge

75

ccscc

2..98E-10
1.93E-10
1.96E“10
2.13E-10
l.68E-1C
1.86E-14¢
1.53€-10
l.41E-10
T.48E-11
8.72E-11
2. 12E~-11
9.€3E-12
5.43E-11
5.85E-11
4.47E-11
3.22E-11
1.18E-10Q
l.34E-10
1061E°10
4.32E~-10
5.46E-10
4 45E~10
2.u8E~-140
2031E—IC
1.16E—10
1004E’10
2.78E-11
3.86E‘11
l1.79E-11
3.08E~11
7.U3E“11

- 3.46E-11

1053E-11
2.63E-11
2.11E-11

12B2

DURATION CONCENTRATION CHI®*U/Q
AT 25 DEG C

Mk =2

1.38E-05
8. 92E-06
S.07e-06
9.83E-06
1. 16E-Q6
8.59E-C¢€
T.06E-06
6.50E-06
3.46E-C6E
4.,03E-06
1.26E-06
4.45E-Q7
1.93E-06
2. 08BE-Q6
1.70E'—0ﬁ
1.23E-06
4., 4GE-Q6
5.10E-06
6.13E-06
1-64E’DS
2.08E-05
1.69E‘05
7.92E‘06
8.82E-(06
5.88E-06
5.25E-06
l.41E-C6€
1.95E-06-
Se.G6E~-Q7
1.56E-06
3.56E-06
1.75E-06
7-76E"07
9.3TE~-Q7
1.18E-06






APPENDIX B. DIFFUSION STATISTICS ACCORDING TO PASQUILL-TURNER
-STABILITY CLASSES

This appendix contains comparisons of measured diffusion parameters
(or parameters calculated from measured quantities) with Pasquill-Gifford
flat terrain values. The stability for each test period was classified
using the second method, i.e., the alternate guidelines of Pasquill (1961)
and Turner (1964) according to insolation class and windspeed, mentioned in
section 4 of the text. A comparison of the stability classes assigned by
both methods can be found in table 1 of the text.

Figures B-la through B-1c are plots of the normalized near-axial data
points grouped according to stability class and separated into aerial- and
ground-measured samples. These figures correspond to figures 9a through
9c. Figures B-2a through B-2c are plots of the calculated oy(SM) values as
a function of downwind distance, grouped by stability class.” Figures B-3a
through B-3c are similar plots of o, (eq. 5) values. These correspond to
figures 10a through 10c and 1la through 1lc, respectively. The solid curve
is the appropriate Pasquill-Gifford curve. The dashed line running through
the points is a first order least-squares curve fit of the data points.

Tables B-la through B-lc contain a summary of the diffusion parameter
ratios corresponding to those in tables 5a through 5c. Table B-2a lists
estimates of the amount of dilution beyond what Pasquill-Gifford criteria
would predict, and table B-2b summarizes the averages thereof; these tables
correspond respectively to tables 6a and 6b.

Since the stability classifications according to AT/Az corresponded
better with the observed visual plume behavior, those comparisons_and
statistics are utilized in the text. The comparisons in this appendix are
included for completeness and for consistency with earlier work by Start et
al. (1975), and Sagendorf and Dickson (1974). The choice of stability
classification scheme does not alter the fundamental findings and con-
clusions; rather it alters slightly the magnitude of the comparison statistics
and designates them for different categories.
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Kl*u/Q

Kleu/Q

GROUND SAMPLES TESTS 2 & 3 AERIAL SAMPLES _ TESTS 2 & 3
STABILITY CLASS B SF6 STABILITY CLASS B SF6
1072 - 1072
lU"% . 103
L
1ot 10 =
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~ i o H=
- 3 BEY
la—S \ ? :.IU-S H N H
== =
. N N
a’ ?*‘
| ‘h
107¢ == 1078
T
N
\ 7
7 N
lu-lua 103 , 10" lU-ma 103 1o"
DISTANCE (METERS) DISTANCE (METERS)
P ,
GROUND SAMPLES. TESTS 7 8 9 AERIAL SAMPLES TESTS 7 & 9
STABILITY CLASS F SF6 STABILITY CLASS F SF6
10-2 10-2 "
1073 10°3
.
\‘ NS
N N
Tl 1o 22
} HH %t HHH
= ] - a
- - C\! i~y —n
2
~ 3 s H »
8 -1
100 = v
s |
e
Ty
10°® ﬁﬂ, R 1o®
1077
'0-7102 103 1ot 102 103 10"
DISTANCE (METERS) DISTANCE (METERS)

Figure B-1(a - c). Diffusion statistics separated into aerial-
and ground-measured samples.
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c. : ;
GROUND SAMPLES ~ TESTS 1,5,6,8 10 AERIAL SAMPLES ~TESTS 1,5,6,& 10

STABILITY CLASS D ; STABILITY CLASS D
10 k 102
h -
s .
1o 1073
I b3
N : N
1o 1g-" =ttt
o — - S
35 g S | g N
2108 - ] 2
ol = - 10 ==
< = - H
X . Y * —l- L
So H L.
108 R 10k
1077 7 V :
102 103 10" 10 ot ST LE 10%
DISTANCE (METERS) ) DISTANCE (METERS)

Figure B-1. C(ontinued
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SIGMA Y (METERS)
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Figure B-2(a - c).
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SIGMA Z (METERS)

SIGMA Z STABILITY CLASS B b. SIGMA Z STABILITY CLASS D

TESTS 2 & 3 TESTS 1,5,6,8 10
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Figure B-3(a - c¢). Calculated o, values as a function of downmwind
distance.
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Table B-1. Summary of Diffusion Parameter Ratios

(a) | ' oy(SM) * Gy(P/G)
Stability ‘
Class 100 m 200 m
B 1.6 1.3
D C 4.2 ' 4.2
F 15.7 - 11.9
Total 5.8 5.1
(b) | .cz(eq.S) + UZ(P/G)
B 4.7 4.2
D* 3.2 2.1
F 7.9 8.7
Total 4.8 4.3
(c) xu/Q(P/G) ¢ Xg u/0
41.8 18.2
58.0 62.7
98.7 88.8
Total 62.5 . 59.4

*No aeria} samples for tests 4, 8, and 11 to compute oz(eq.
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