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On the Transport of Atomic Debris in the Atmosphere
R . J. LIST

U. S. Weather Bureau, Washington, D. C.
ABSTRACT

Collections of radioactive debris were made daily at 120 Weather Bureau stations throughout the United States during the atomic test series in Nevada in the Spring of 1952. The measuring techniques employed and the meteorological factors involved in the transport and deposition
of debris are discussed. Several examples of the relation of computed meteorological trajectories
to actual observations of debris are given.
I.

INTRODUCTION

HE fate of radioactive debris which is injected into the atmosphere by an atomic
explosion is of great interest in a meteorological sense. First, there is the problem of estimating what will happen to the debris and second,
what new knowledge concerning atmosphere processes can be gained through the study of the
unique tracer. As of June 4, 1953, there had
been thirty-one nuclear devices detonated by the
Atomic Energy Commission at its Nevada Proving Ground, located about seventy miles northnorthwest of Las Vegas. The Weather Bureau
has cooperated with the Atomic Energy Commission in a large-scale program to collect daily
samples of radioactive debris near the ground
during atomic-test periods, and to study the
meteorological aspects of the problem.
The tremendous heat source resulting from the
detonation of a nuclear weapon in the atmosphere
produces a buoyant bubble of intensely hot gases
which serves not only to carry aloft the debris resulting from the fissions and subsequent disintegration of the bomb casing and auxiliary equipment, but also to suck up great amounts of soil
and dust, much of which is rendered radioactive.
As the buoyant bubble rises, it cools both by radiation and by entrainment of the surrounding air.
The ascending column of air and debris continues
to rise until it has cooled to equilibrium with its
environment, usually within about fifteen minutes.
The height to which the debris rises is governed
by the character and intensity of the burst and by
the stability of the atmosphere.
Typically, just after the ascending motion has
ceased, the cloud of radioactive debris consists of
a long, slender "stem," capped by a broader "mushroom" top, which in most cases reaches to the base
of the stratosphere. Although considerable debris
is contained in the stem, the great bulk of the ma-

T

terial is in the mushroom cap. The subsequent
history of the debris depends on many factors, including the size distribution and fall velocity of the
particles, the nature of the wind field, the eddy
diffusivity and the scavenging of particles by precipitation.
At any given level, the trajectory of the primary
cloud, i.e., that portion of the initial cloud which
moves with the winds and is unaffected by diffusion
or fallout, can be computed by conventional meteorological techniques. The determination of the
movement of all the debris is a very much more
complex problem. In this report, we will be concerned only with the relatively long-range aspects
of the problem, the movement of debris at distances
greater than 200 miles from the test site.
II.

SAMPLING

TECHNIQUES

For Operations T U M B L E R and SNAPPER,
in the spring of 1952, the Weather Bureau, in cooperation with the New York Operations Office
of the Atomic Energy Commission [ 1 ], conducted
a large-scale program to collect daily samples of
radioactive debris at 120 Weather Bureau stations
throughout the United States (FIG. 1). Two types
of samples were taken, one to measure the debris
deposited on a horizontal surface, the other the debris in the air near the ground. The deposited debris was collected by exposing one-foot square
sheets of gummed paper on a horizontal stand
about 30 inches above the ground at 91 stations
scattered throughout the country. Three such
papers were exposed simultaneously for a 24-hour
period at each station. Airborne debris was collected at 51 stations within 1000 miles of the proving ground by a modified tank-type vacuum
cleaner which sucked air through a 4-inch diameter dust filter at the rate of about 35 cubic feet
per minute. Filters were changed every twentyfour hours.
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FIG. 1. Location of sampling stations.

FIG. 9. Meteorological trajectories of the debris from theeighthburst, June 5, 1952.
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SPRING, 1952, ATOMIC TESTS

Burst

Date

Time
(GCT)

Type

Height of top of
cloud (MSL)

1
2
3
4
5
6
7
8

Apr. 1
Apr. 15
Apr. 22
May 1
May 7
May 25
June 1
June 5

1700
1730
1730
1630
1215
1200
1155
1155

Air drop
Air drop
Air drop
Air drop
300-ft Tower
300-ft Tower
300-ft Tower
300-ft Tower

16,000 feet
16,000
42,000
44,000
34,000
41,000
37,000
42,000

The samples were mailed daily to the New York
Operations Office, where they were reduced to
ash, sealed in a plastic tape and fed through
counters which automatically counted and recorded the beta activity in each sample. Activity
measured on the gummed papers is reported in
terms of the number of distintegrations per minute
per square foot of paper collected over one day
(d/m/ft 2 /day). Air filter measurements are in
terms of disintegrations per minute per cubic meter
of air (d/m/meter 3 ).
All significant activity measurements were extrapolated to the sampling date by ascribing the
measured activity to a particular burst and assuming that the decay has been proportional to tr1-2,
where t is the time since the burst [2]. However,
there is considerable uncertainty in determining
which burst is responsible for the activity at a given
station, although the bursts were separated by
several days. In addition to considering the computed meteorological trajectories of the primary
cloud and estimating the low-level trajectories
from the surface and gradient winds, it is also necessary to note the arrival of increased activity at
the various stations. Even with these considerations, it is not always possible to determine when
activity from a new burst arrives at a station. The
onset of precipitation frequently results in increased activity on the gummed paper which may
erroneously be ascribed to the arrival of debris
from a more recent burst. Changing wind speeds
or directions may also cause increases in activity
not associated with a new burst; this is especially
true in the dry, dusty areas of the Southwest.
Since the samples are not measured until several
days, and in some cases weeks, after the date of
collection, the extrapolation factors can be quite
large, as much as two orders of magnitude if the
collection was made on the day of the burst. Other
sources of difficulty are that minor contamination
of the sample in handling or counting can result
in very high extrapolated values, also mixed debris from two or more bursts would, in general,

all be ascribed to the latest one. These factors,
coupled with the tendency to ascribe debris to the
latest burst when there is some doubt as to its
origin, make for a bias toward reporting higher
activity than actually existed.
III.

COMPARISON

OF A I R

PAPER

FILTER AND

GUMMED

OBSERVATIONS

It is evident that the gummed papers serve to
measure a somewhat different phenomenon than
the air filters. The former collects material which
settles out on a horizontal surface, while the latter
measures the concentration of activity on particles
suspended in the atmosphere near the ground. The
difference between the two types of measurement
is most evident when the effects of precipitation
are examined. In general, there is no observable
difference in the radioactivity collected by the air

FIG. 3.

Meteorological trajectories of the debris from
the second burst, April 15, 1952.
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Meteorological trajectories of the debris from the third burst, April 22, 1952.

FIG. 9. Meteorological trajectories of the debris from the eighth burst, June 5, 1952.
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FIG. 6.

Meteorological trajectories of the debris from the fifth burst, May 7, 1952.

FIG. 7.

Meteorological trajectories of the debris from the sixth burst, May 25, 1952.
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FIG. 8.

Meteorological trajectories of the debris from the seventh burst, June 1, 1952.

FIG. 9.

Meteorological trajectories of the debris from the eighth burst, June 5, 1952.
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FIG. lOa-d. Predicted (dotted lines) and observed (solid lines, d/m/ft 2 /day) areas of ground deposition of radioactive debris following the first burst, precipitation areas indicated by shading. Maps are for the 24-hour period beginning 1230 GCT on the dates shown.

filters on days with no precipitation as compared
with rainy days. The failure to detect the effects
of precipitation on the air filters may be, in part,
due to the poor resolution inherent in a 24-hour
observation that would mask any short-term
effects.
The amount of activity collected by the gummed
papers, however, is highly correlated with the occurrence of precipitation. On the average, when
debris is present aloft, about ten times more activity will be found on the gummed papers during
days with precipitation as compared with dry days.
This effect on the gummed-paper observation
must be indicative of an even larger difference in
what occurs on the ground, since so much of the
precipitation spatters or runs off the gummedpaper stands. The increased activity in rain on
the gummed paper, with no corresponding effect
on the air filter, indicates the bulk of the activity
is carried down in the precipitation elements,
rather than in the air moving with the falling droplets. At present, there is no evidence that the
radioactive particles serve as condensation nuclei,
as most are non-hygroscopic, spherical particles.

This would indicate that the falling precipitation
elements are effective scavengers of small particles.
However, studies of the collection efficiency of falling raindrops [3] indicate a relatively low efficiency in collecting particles smaller than 5 microns, although the mass median diameter of
radioactive particles seems to be strongly peaked
in this region. Since there is no information available concerning the initial concentration of radioactivity in the cloud, or of the concentrations aloft
at any given time, it is difficult to estimate how
efficiently the falling raindrops scavenge the air.
The greater density of radioactive particles and
electrostatic effects may be important. Experiments are being conducted to determine the changes
in concentration with time in both the air and the
precipitation during the course of a rainstorm.
IV.

SPRING, 1 9 5 2 , A T O M I C

TESTS

The Nevada atomic tests of the Spring of 1952
consisted of the eight bursts listed in T A B L E I .
Since the heights of the cloud tops were estimated from aircraft or ground observations, it

Unauthenticated | Downloaded 01/09/23 11:55 PM UTC

322

BULLETIN

must be assumed that some uncertainty exists as
to the exact heights, particularly for the higher
clouds.
Levels of Activity
Since the activity contained in the samples is
not measured until several days after collection,
the natural radioactivity from radon and thoron
daughters is negligible. Most gummed papers exposed prior to the first test had less than 5 d / m / f t 2 /
day when counted; the highest average value at any
station was about 10 d/m/ft 2 /day. For the air
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filters, background activity ranged from 0 to 0.05
d/m/meter 3 .
Excluding the area within 200 miles of the test
site, the highest activity observed on the gummed
papers was 8 X 106 d/m/ft 2 /day, at a station about
330 miles from the test site. At distances over
2000 miles from the site, the maximum observed
activity was 1.7 X 105 d/m/ft 2 /day; both values
occurred on days with rain. The highest air filter measurement occurred at a station only 250
miles from the test site, where 1.3 X 105 d / m /
meter3 was observed; however, this was apparently

Predicted and observed areas of ground deposition following the second burst.
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FIG. 12. Winds at 16,000 feet following the second burst (see text).

an exceptional case, since the highest value excluding this station was 6.8 X 103 d/m/meter 3 .
Meteorological

Trajectories

For each of the bursts, meteorological trajectories of the primary cloud were computed for all
standard pressure surfaces from the 700-mb level
to the top of the cloud. In a few cases, where the
level of the top of the cloud departed significantly
from a standard pressure surface, trajectories were
computed at additional levels. All trajectories
were constructed by assuming that the flow pattern on each six-hourly upper-air chart remained
constant for a period from three hours before until three hours after map time. The trajectories
of debris from the eight bursts of this series are
shown in F I G U R E S 2-9.
For a period of several days following each test,
predictions of the areas in the United States ex-

pected to have experienced fallout were made daily
for the New York Operations Office of the Atomic
Energy Commission.
These predictions were
based on the trajectories shown (except for burst
2, which will be discussed below) plus a consideration of the low-level flow patterns.
Examples
F I G U R E S lOa-d show the results following the
first burst. Isolines of radioactivity found on the
gummed papers (d/m/ft 2 /day) are shown by solid
lines, the predicted areas of fallout are shown by
dotted lines, shading indicates precipitation areas.
As can be seen, reasonably good agreement exists
between observed and predicted areas of fallout.
F I G U R E S l l a - e show the results following the
second burst. Here, it is obvious that our attempt
to predict areas of fallout for more than twentyfour hours following the burst was a failure. The
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Predicted and observed areas of ground deposition following the seventh burst.

original computation of the 16,000-foot trajectory
showed an eastward movement of the cloud; instead debris was found in the far western states
beginning on April 1 8 . F I G U R E 1 2 shows the
16,000-foot winds for four successive six-hour
maps beginning 0 9 0 0 GCT, April 1 6 . The solid
wind-arrows represent stations in the routine meteorological network, the dashed wind-arrows indicate observations from the special station established by the Air Weather Service in connection with the atomic tests. These latter were not
available at the time the original trajectories were
computed. The trajectory originally computed
for the 16,000-foot level is shown by a dotted line,
the revised trajectories, based on the additional
wind information and a knowledge of where radioactivity actually was found, is indicated by the
solid line. The portions of the trajectories from
three hours before to three hours after map time
are indicated by heavier lines. It is apparent that
the failure to realize the significance of the light
southerly wind at Ely on the 0 9 0 0 GCT chart of
April 16 led to the assumption of a shear line
rather than a closed cyclonic circulation over
southern Nevada; also the easterly wind at MLF
at 1 6 1 5 0 0 Z might have suggested the existence of

the closed circulation were it not so weak. Although the complex path followed by the trajectories from this burst is indicative of a light, poorly
defined wind field and not too much credence can be
placed on the exact positions shown, the agreement with the observed deposition of debris is
quite good. It is interesting to note that the
16,000-foot trajectory stayed within a few hundred miles of the test site and did not pass near
any stations of the monitoring network until
April 18.
The results of fallout monitoring for several
days following the seventh burst are shown in
F I G U R E S 13a-13d.
This was a tower burst and
debris from this burst was responsible for the
highest activity observed during this series of tests
at most of the stations in the eastern and central
states. The lack of vertical wind shear along the
trajectories coupled with precipitation over the
western Great Lakes region during the period beginning 1830 GCT, June 2 resulted in relatively
high levels of activity in this area. A similar situation prevailed in the northeastern states on the
following day. By June 4, almost the entire country was experiencing fallout from this burst.
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