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CHAPTER 7. INFORMATION DERIVED FROM MEASUREMENTS OF KADIOACTIVITY

FROM 1961 AND 1962 NUCLEAR WEAPON TESTS

During Project STARDUST it was possible to discern details of some
of the atmospheric processes which had been described only in general terms
during Project HASP. In addition, the more abundant data of Project STARDUST
provided a firmer base for estimates of burdens and residence times of radio-
active debris in the stratosphere than had been possible during Project HASP.
Project STARDUST provided a quantitative documentation for much of the quali-
tative description of the transport processes in the stratosphere obtained
during Project HASP.

The large scale testing of high yield nuclear devices in the atmo-
sphere by the USSR and the U. S. during 1961 and 1962 produced a massive
injection of radioactive debris into the stratosphere. The greatest effort
expended during Project STARDUST was devoted to the measurement of this debris,
and most of the information obtained during the project was derived from these
measurements.

The STARDUST sampling program was begun in mid-1961. Project HASP
had been terminated in mid-1960 because the moratorium on the testing of nuclear
weapons, which had begun at the end of 1958, had resulted in a steady decline
in the stratospheric burden of radioactive debris. When first begun, STARDUST
sampling was quite limited in frequency and in geographic extent. Soon after
the 1961 USSR test series ended the testing moratorium, howsver, the geographic
coverage and frequency of STARDUST sampling were greatly increased. By early

1963 both the number of samples and the coverage exceaded those achieved during
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Project HASP. The scope of the sampling program diminished slowly but steadily
after 1964 as the stratospheric burden of radioactive debris rapidly dwindled.
The program was terminated in 1967.

The initial interceptions of fresh debris from specific events during
the 1961 and 1962 test series provided some information on the trajectories
followed by the radioactive clouds and on their rates of movement around the
earth. Interceptions of products of neutron activation, produced mainly by the
very high yield events, provided evidence that little debris from even these
events stabilized very far above 20 km height in the polar stratosphere. The
failure of any significant amounts of the debris from the 1961 and 1962 USSR
tests to penetrate into the southern hemisphere provided evidence that the
tropical stratosphere is generally a region of slow mixing in the meridional
direction. The sudden appearance of relatively large amounts of radioactive
debris in the southern tropical stratosphere in late 1963 did indicate, however,
that short periods of enhanced interhemispheric exchange do take place. In
both early 1962 and early 1963 rapid changes in the circulation of the lower
stratosphere were reflected by changes in the concentrations of radioactive
debris intercepted in the STARDUST sampling corridor. Measurements of cadmium-
109 provided information on the nature and rates of processes which produce
the redistribution within the stratosphere of particulate material initially
injected at great heights within the upper atmosphere. The bulk of the
radioactive debris which was initially injected into the lower and middle
stratosphere appeared to migrate fairly rapidly downward, probably because of
gravitational settling, into the layer between the tropopause and 20 km. The

stratospheric debris exhibited a residence half-time of about 10 months. It
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had been expected that this residence half-time would lengthen gradually with
the passage of time as the lower stratosphere became depleted by fallout into
the troposphere, but this did not occur. The peak in the vertical distribution
of radioactive debris continued to be found near or below the 20 km level
throughout 1963 to 1967, presumably because fallout into the troposphere was
compensated by gravitational settling from above. This combination of processes
appeared to maintain the residence half-time of the debris in the stratosphere
at about 10 months. On the other hand, the residence half~time of carbon-14 in
gaseous carbon dioxide did not remain constant during this period, but gradually
lengthened as a result both of depletion of the lowest layers of the strato-

sphere and buildup of carbon-14 concentrations within the troposphere.

7.1 Interceptions of Fresh Debris from the 1961 USSR Weapon Tests

The first event in the 1961 series of nuclear weapon tests by the
USSR occurred on 1 September 1961. Table 32 lists the events in this series
which were identified as being of megaton yieldlB, and which therefore might be
expected to inject radioactivity into the stratosphere. The first of these
occurred on 10 September 1961.

The appearance of radioactive debris from the USSR events in STARDUST
filter samples was indicated by a sudden increase in the total beta activity of
the filters. Table 33 lists the concentrations of total beta activity encoun—
tered at a height of about 20 km at about 45° N latitude during July 1961 to
August 1962. The first interception at this location of radioactive debris
from the 1961 USSR weapon tests occurred on 4 October 1961. Almost all samples
collected subsequently at this location during 1961 and 1962 contained some

debris from this test series. Clearly, however, the concentration of debris
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TABLE 32.  HNigh Yield Eventg in the 1961 USSR Series of Nuclear Weapon Tests

at_Novaya Zemlyal3d
Date Yield

10 Sep 1961 Several Megatons
12 Sep 1961 Several Megatons

14 Sep 1961 Several Megatons

16 Sep 1961 Order of a Megaton
18 Sep 1961 Order of a Megaton
20 Sep 1961 Order of a Megaton
22 Sep 1961 Order of a Megaton
2 Oct 1961 Order of a Megaton
4 Oct 1961 Several Megatons

6 Oct 1961 Several Megatons

20 Oct 1961 Several Megatons

23 Oct 1961 About 25 Megatons
25 Oct 1961 Intermediate - high
30 Oct 1961 55 to 60 Megatons
31 Oct 1961 Several Megatons

31 Oct 1961 Intermediate - high
4 Nov 1961 Several Megatons

228
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TABLE 33.

Collection

7
25

15
22

28
30

24
25
31
15
16

19
21

11
15
23
30

13
19
27

13
30
31
19
26

15
16
22
28
29

Date

Jul
Jul
Jul
Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep
Oct
Oct
Oct
Oct
Nov
Nov
Dec
Dec
Dec
Dec

Jan
Jan
Jan
Jan
Feb
Feb
Feb
Feb
Mar
Mar
Mar
Mar
Apr
Apr
May
May
May
May
May
May
May

191
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961

1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962

Latitude
Range
48° 43°N
48° - 43°N
48° 43°N
48° - 43°N
48° =~ 43°N
48° 43°N
48° 40°N
48° 43°N
48° - 43°N
48° - 43°N
47° 43°N
48° 43°N
48° = 43°N
48° 43°N
48° 43°N
48° 43°N
48° 43°N
48° 43°N
48° 43°N
48° 43°N
48° - 43°N
48° 43°N
48° 41°N
49° - 44°N
49° 44°N
49° - 44°N
49° 44°N
49° 44°N
49° - 44°N
49° 44°N
49° 44°N
49° 43°N
s1° 42°N
50° 42°N
49° 43°N
48° = 43°N
49° 43°N
49° 43°N
49° 41°N
49° 43°N

49°
49°

41°N
43°N

e ————————————— it

29

2f of 1961 and Early 1962

Total Beta Activities of Samples Collected at about 20 km Altitude
at 45°N during the Second Ha

Altitude
(km)

20
20
20
20
20
20
20
20
20
20
21
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
2l
20
20
21
20
20
20
20
20
20
20
20

Activity

(pCi/SCM)

38

44

43

36

58

60

35

43

37

36

54
260,000
570
6,220
590
12,700
18, 500
1,130
990
1,530
1,860

1,150
510
530
350
149

48
200
250

4,260

94
430
370
280
400
380

1,150

1,220
800
410
620
770
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TABLL 33.  (continued)

Collection Latitude Altitude Activity
Date Range (km) (pCi/SCM)

5 Jun 1962 49° - 43°N 19 700

2 Jun 1962 49° - 43°N 20 2,700

19 Jun 1902 49° - 44°N 20 1,230
26 Jun 1962 48° - 44°N 20 1,230
6 Jul 1962 49° - 44°N 20 930

13 Jul 1962 49° = 44°N 20 920
20 Jul 1962 49° = 44°N 20 1,650
27 Jul 1962 48° - 44°N 20 1,550
3 Aug 1962 49° - 43°N 20 710
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intercepted was strongly dependent upon the configuration of the stratospheric
circulation, as has been discussed for early 1963 by Telegada336. Thus,. the
development of the winter night circulation in the polar stratosphere apparentily
inhibited the southward movement of debris sufficiently to prevent concentra-
tions of fresh debris as high as those encountered on 4 October 1961 from again
reaching this site cn any subsequent sampling date. I1 additiocn, the displace-
ment. of the polar vortex circulation toward Eurasia during late January 1962
permitted air which was relatively uncontaminated bty the USSR debris to move
into the vicinity of this site, where it was sampled on 6 and 13 February and

13 March 1962. The breakdown of the polar night circula“ion in the early

spring of 1962 allowed larger quantities of the USSR debris to enter the
vicinity of the sampling site during May 1962 and subszquent months. As a
result, the concentrations of total beta activity intercepted at this site
during May to August 1962 were considerably higher than most of those inter-
cepted during January to April 1962 in spite of the steady decrease in the total
activity of stratospheric air as a result of radioactive decay and fallout.

An attempt was made to identify the specific event which had produced
each pulse of fresh debris which reached the STARDUST sampling corridor. Two
techniques were used. The first, which was discussed in Chapter 6, depended
upon monitoring the rate of decay of the total beta activity of a sample and
then comparing the shape of the decay curve with the shape of the curve given
by Dolan14 to estimate the age of the debris. The second technique involved
analyzing the sample radiochemically for two or more short-lived fission
products, and then comparing the fission product ratios with those expected

in debris from typical megaton yield events35. Actually neither method was
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sufficiently accurate to distinguish clearly between events which occurred
only one or two days apart. Besides the inevitable analytical errors, the
variable fractionation of the debris from the different events rendered the
precise dating of samples of debris very difficult, and the continuously
growing background of debris from earlier events in the series made the dating
of later samples only approximate at best.

Table 34 lists flight data and analytical data for some samples
which contained fresh radioactive debris from the 1961 USSR test series. The
beta decay curves for some of these samples are plotted in Figure 49. The
decay curves distinguish debris which originated in the mid-September events
(samples 4306N and 4312H) from that which originated in the early October 1961
events (4370N and 4372N). As was found with debris from the 1957 and 1958
events (Chapter 6), the age indicated by comparison with Dolan's beta decay
curve may be too young by about ten days for some events. Thus the shot date
for samples 4306N and 4312 was probably 10, 12 or 14 September, not 20
September, and the shot date for 4370N and 4372N was probably 4 or 6 October,
not 13 or 15 October. On the other hand, the fresh debris in samples 4405N
‘ 429N probably originated in the 20 October, or perhaps the 23 October

event, in reasonable agreement with the shot dates indicated by the rates
of beta decay.

The more precise dating of these samples was accomplished by analyz-
ing them for short-lived fission products such as 67 hour molybdenum-99, 12.8
day barium-140, etc., and calculating the age of the debris from the ratios
of fission products it exhibited.. Table 35 lists apparent shot dates for a
number of samples based on two fission product ratios: M099/Zr95 and
a140/ r89. The initial ratios and half-lives used to calculate these ages

B S
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TABLE 34.

Sample

Numbex

4299H

4306N
4312H

4321H
4372N
4371N
4370N
4367H
4382N
4405N
4429N

4460N
4461N

Some Samples Containing Radioactivity from Late 1961 USSR Tests
Collection Altitude pCi B pCi sr°° Indicated
Date Latitude (km) SCM SCM Shot Date
30 Sep 1961 54° - 50°N 20.1 12,400 2.6 21 Sep 1961
4 Oct 1961 33° - 28°N 18.6 30,500 7.1 20 Sep 1961
4 Oct 1961 48° - 43°N 20.0 260,000 35 20 Sep 1961
5 Oct 1961 30°N 18.3 17,400 4.0 21 Sep 1961
25 Oct 1961  43° - 38°N 18.3 72,900 12 13 Oct 1961
25 Oct 1961 38° = 33°N 18.3 103,000 13 15 Oct 1961
25 Oct 1961 33° = 28°N 18.3 87,500 12 15 Oct 1961
26 Oct 1961 30°N 18.2 118,000 17 14 Oct 1961
31 Oct 1961 43° - 38°N 18.4 49,900 12 11 Oct 1961
7 Nov 1961 30°N 18.3 37,000 8.7 21 Oct 1961
15 Nov 1961 30°N 18.3 34,600 11 23 Oct 1961
22 Nov 1961 30°N 20.1 68,700 35 13 Oct 1961
22 Nov 1961 30°N 20.1 50,100 25 15 Oct 1961
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FIGURE 49. DECAY OF BETA ACTIVITY OF SAMPLES

CONTAINING DEBRIS FROM 196! USSR TESTS
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TABLE 35.  Apparent Shot Dates of Samoles with High Total Beta Activities
(>10,000 pCi B/SCM) Collected During late 1961

Collection Latitude Altitude pCi 6 pCi Sroe Mo’ /Zr ° Bal4® /5,89
Date Range (km) SCM __ 102 SCM_Ratio Shot Date Ratio Shot Date
30 Sep 61 54° - 50°N 20 12,420 6,190 0.36 12 Sep 61 4.4 15 Sep 61
4 Oct 61 33° - 28°N 18 30,500 50,500 0.11 11 Sep 61 2.3 3 Sep 61
4 Oct 61 48° - 43°N 20 260,800 367,000 0.07 10 Sep 61 2.4 4 Sep 61
4 Oct 61 38° - 33°N 20 11,000 15,900 0.10 11 Sep 61 2.4 4 Sep 61
5 Oct 61 30°N 18 18,300 33,100 0.12 13 Sep 61 2.1 2 Sep 61
5 Oct 61 30°N 18 17,300 25,900 0.09 11 Sep 61 2.4 5 Sep 61
25 Oct 61 48° - 43°N 18 12,160 15,810 0.55 9 Oct 61 2.6 27 Sep 61
25 Oct 61  43° - 38°N 18 72,800 117,200 0.24 6 Oct 61 2.3 24 Sep 61
25 Oct 61 43° - 38°N 18 77,270 135,100 0.23 5 Oct 61 2.3 24 Sep 61
25 Oct 61 38° - 33°N 18 101,600 141,200 0.37 7 Oct 61 2.8 29 Sep 61
25 Oct 61 33° - 28°N 18 87,450 114,700 0.31 7 Oct 61 2.7 28 Sep 61
26 Oct 61 30°N 18 117,700 - 0.19 6 Oct 61 - =
2% Oct 61 30°N 19 25,280 98,400 - | 1.0 4 Sep 61
31 Oct 61 48° - 43°N 18 18,760 48,400 0.06 6 Oct 61 1.6 22 Sep 61
31 Oct 61 48° - 43°N 18 18,760 51,900 0.5 5 Oct 61 1.3 15 Sep 61
31 Oct 61 43° - 38°N 18 49,930 125,000 0.C. 3 Oct 61 1.8 24 Sep 61
31 Oct 61 43° = 38°N 18 51,680 144,000 0.05 S Oct 61 1.5 21 Sep 61
1 Nov 61 48° - 43°N 17 24,490 73,600 0.08 8 Oct 61 1.2 16 Sep 61
1 Nov 61 48° - 43°N 15 19,080 46,550 0.34 14 Oct 61 1.5 22 Sep 61
1 Nov 61 43° - 38°N 15 21,000 35,000 0.64 17 Oct 61 1.9 27 Sep 61
1 Nov 61 43° - 38°N 15 33,400 44,300 0.47 15 Oct 61 2.2 30 Sep 61
7 Nov 61 30°N 18 37,050 90,800 0.24 19 Oct 61 1.6 28 Sep 61
7 Nov 61 30°N 18 37,520 70,000 0.15 17 Oct 61 1.8 2 Oct 61
15 Nov 61  48° - 43°N 20 11,540 42,000 - - 0.9 22 Sep 61
15 Nov 61 30°N 18 34,700 106,400 - . 1.4 4 Oct 61
15 Nov 61 30°N 18 30,700 85,900 0.06 21 Oct 61 1.0 26 Sep 61
15 Nov 61 30°N 20 13,390 52,800 0.02 15 Oct 61 0.9 21 Sep 61
16 Nov 61 48° - 38°N 20 11,730  41.900 - - 0.9 23 Sep 61
16 Nov 61 38° - 28°N 20 11,650 41,100 - - 0.0 22 Sep 61
16 Nov 61 38° - 33°N 18 20,200 68,300 0.05 21 Oct 61 - -
16 Nov 61 33° - 28°N 18 21,000 61,400 0.03 19 Oct 61 - -

235



1SOTOPES
A Teledyne Company

TABLE 35. (continued)
Collection Latitude Altitude pCi B
Date Range (km) SCM

22 Nov 61 30°N 18 12,510
22 Nov 61 30°N 18 13,040
22 Nov 61 30°N 20 68,700
22 Nov 61 30°N 20 66,500
22 Nov 61 30°N 20 50,100
22 Nov 61 30°N 20 55,200
29 Nov 61 18° - 15°N 20 12,780

99 ,,.95

Bal4Q/Sr89

pCi T _j&g_
104 .SCM _ Ratlo Shot Date

52,800
63,100
309,000
272,000
220,000
198, 500

12,800

236
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were 26.4 and 2.88 days for M099/Zr95, and 6.73 and 17.1 days for Bal40/Sr89.

Since molybdenum-99 and zirconium-95 are both "refractories", and barium—140
and strontium89 both have "volatile precursors", these ratios should not be
adversely affected by fractionation of the debris. The short half-life of
molybdenum-99 permits precise dating, although the gradual accumulation of
a "background" of zirconium~95 would introduce uncertainties into dates for
later samples. The relatively long half-lives of barium-140 and strontium=-89
prevent the Bal40/Sr89 ratio from yielding better than an approximate date.
It is noteworthy that very little debris from any of the late
October - early November events was intercepted. Since some of these events
had yields of several megatons, comparable to the yields of the mid-September
and early October events, the failure of the STARDUST missions to collect
debris from them is most likely related to a change in the circulation of the
stratosphere between mid-September and mid-October, with a decrease in the
rate of transport of debris in the meridional direction. It is possible that
the debris from the 23 October and 30 October very high yield events was
mainly deposited initially at altitudes above 20 km, so that STARDUST aircraft
did not intercept it. This hypothesis is not necessary to explain the lack of
interceptions, and does not explain the failure of STARDUST flights to inter-
cept debris from the events with yields of only "several megatons'". It is
hypothesized, therefore, that debris from the late 1961 USSR tests was held
almost entirely at high latitudes within the winter night polar vortex circu-
lation into which it was injected until the breakdown of this circulation
occurred in the early spring of 1962. Telegada536 discussed such an effect

following the late 1962 USSR test series.

237



ISOTOPES
A Teledyne Company

The pattern of the initial interception of the USSR radioactive debris
by the STARDUST aircraft was interesting. This initial interception occurred
on 30 September 1961, twenty days following the first megaton yield event in the
USSR series. Flight data and total beta data are given in Table 36 for the
samples collected on this date, and also for samples collected on 6 September
1961, on an earlier sampling of the polar stratosphere for Project STARDUST.
The activities intercepted by aircraft 715 were entirely comparable to those
intercepted on 6 September 1961. Aircraft 714, which was following 15 to 20
minutes behind aircraft 715, but along the same flight track, intercepted fresh
debris in notable quantities at three or more different locations between 60°N
and 37°N. Probably the aircraft were flying at slightly different altitudes,
and only aircraft 714 passed through a contaminated layer. It would be fortu-
itous indeed if the radioactive debris actually reached the flight track at
three different places during the 15 to 20 minutes which elapsed between the
passage of aircraft 715 and the arrival of aircraft 714. Several sets of
vertical soundings of concentrations of debris which were made during Project
STARDUST confirmed the common occurrence of pronounced layering of the strato-
spheric radioactivity. Table 37 contains two examples. Both profiles include
samples collected a few hours apart by different aircraft, indicating that the
concentrations were not changing rapidly with time during the course of the
sampling mission. The rapid decrease of activity with height above 19.8 km in
each profile must thus represent a change with location and not with time of
sampling. Both profiles indicate more than a factor of three change in con-

centration over a difference in height of less than 2 km.
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TABLE 36.

6 Sep 1961, A/C 714
Altitude pCi B

Total Beta Activities of Some Samples Collected Between 64°N and
30°N in September 1961

30 Sep 1961, A/C 715

30 Sep 1961, A/C 714

Altitude pCi B

Altitude pCi B

Latitude _ (km) __SCM Latitude __ (km) _SCM Latitude _ (km) _ _SCM
64° - 57°N 19 38 60° 57°N 19 53 60° 57°N 19 3,340
* 7%= 1"} 19 40 s57° 55°N 20 47 57° - 54°N 20 63
55¢ 51°N 20 52 54° 50°N 20 12,400
51° = 45°N 20 47 51° 47°N 20 50 50° 47°N 20 71
47° - 43°N 20 54 47° - 43°N 21 54
45° - 36°N 19 29 43° 40°N 20 51 43° 40°N 21 96
40° - 37°N 21 4,750
36° 33°N 21 44 37° 33°N 21 49
38 30°N 21 37 33° -~ 30°N 21 50
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TABLE 37. Variations in Concentrations of Total Beta Activity Between Samples

Collected in Certain Vertical Soundings
Latitude Altitude Time Beta Activity Aircraft

Interval Longitude (km) Interval (2) (pCi/SCM) Number

Collection Date: 1 March 1962

70° - 65°N 147°W 20.7 22:42 - 23:24 119 717
70° - 65°N 147°W 20.1 - 20.7 21:42 - 22:38 132 717
70° = 65°N 147°W 19.8 23:40 - 00:20 418 705
70° - 65°N 147°W 19.5 - 19.8 20:57 = 21:37 470 717
70° - 65°N 147°W 18.6 - 18.3 22:39 - 23:32 976 705
70° - 65°N 147°W 18.3 19:58 = 20:48 853 717

Collection Date: 14 June 1962

70° - 65°N 147°W 20.1 - 20.4 22:46 - 23:30 1,810 716
70° - 65°N 147°W 19.8 - 20.1 21:53 - 22:38 4,030 716
70° - 65°N 147°W 19.8 23:30 - 00:13 6,370 715
70° - 65°N 147°W 19.5 - 19.8 20:57 = 21:46 7,320 716
70° = 65°N 147°W 18.3 - 18.6 19:57 = 20:43 1,200 716
70° = 65°N 147°W 18.3 22:23 = 23:17 1,250 715
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All of the early interceptions of the USSR radivactive debris seemed
to suggest that it occurred mainly in layers or clouds of limited vertical and
horizontal extent. The distribution of concentrations of total beta activity
in the STARDUST sampling corridor at four times during Octcber 1961 to January
1962 are indicated in Table 28. The data suggest that the radioactive debris
was initially distributed rather unevenly within the stratosphere as numerous
small fragments of clouds, and that this condition persisted at least into
January 1962. Nevertheless, the distribution during 17 to 30 January 1962
exhibited certain characteristics which were observed repeatedly during sub-
sequent months: The highest concentrations of radioactive debris were found
between 14 and 18 km in the polar stratosphere, and a layer of gradually
decreasing concentrations extended toward the equator, rising in height and
thinning as it was followed to lower latitudes.

There was ample evidence that some of the USSR radioactive debris
penetrated into the tropical stratosphere during late 1961, but there was
little evidence that any measurable amount reached or crossed the equator.
Table 39 contains data for STARDUST samples collected in the equatorial strato-
sphere during October 1961 to April 1962, and Table 40 contains data for
samples collected in the stratosphere of the southern hemisphere during the
same period. By 23 October 1961 some fresh debris had penetrated scuth of
18°N, but there was no indication in samples collected on 8 December 1961 that
any fresh debris had penetrated south of 9°N by then. The sample collected
between 2°N and 16°S on 16 April 1962 did have a significantly higher beta
activity than any sample previously collected in that region, however, so it

seems likely that by mid-April 1962 some fresh debris had at least reached the
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equator. By the end of April 1962, the 1962 U, S. weapon test series had begun,
and some of the events in this series injected radioactivity into the equatorial
stratosphere, making it impossible to trace further the slow southward movement
of debris from the USSR tests. We may conclude, howaver, from the data in
Tables 39 and 40, that no significant amount of redioactivity from the 1961

USSR test series reached the southern hemisphere during the first six months
following the end of that series.

While we may safely conclude that during the first six months follow-
ing its injection, the radioactive debris from the USSR test series was almost
entirely confined to the stratosphere of the northern hemisphere, and was
largely confined to the region covered by the polar vortex circulation, we may
not reach, with equual safety, any conclusions regarding its distribution in
the vertical direction. This does not mean that we are without evidence, but
rather that the cvidence is only suggestive rather than conclusive. The main
limitation on the available evidence results from the fact that STARDUST
sampling during the winter of 1961 ~ 1962 was performed almost entirely outside
the region of the polar vortex, while the radioactive debris was contained
almost entirely within that region. The polar vortex was fairly symmetrically
arranged around the North Pole during late 1961, but by the time routine
sampling of the polar stratosphere for Project STARDUST was begun in January
1962, it had bagun to lose this symmetrical arrangement. During January the
vortex became elongated along an axis joining central North America and the
Caspian Sea. As a result, the STARDUST sampling corridor, which was located
along the western coast of North America, intercepted only the outer edge of

the vortex at the 20 km level at least. Thus the vertical profiles measured
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by STARDUST during January 1962 are not necessarily representative of the verti-
cal distribution of the bulk of the USSR debris. During February 1962 the
center of the polar vortex migrated toward Eurasia. Apparently the USSR debris
migrated with it, for as the Aleutian anticyclone mcved into the CTARDUST
sampling corridor, it brought with it air which was relatively uncontaminated

by fresh radioactivity. During March and April the polar vortex weakened, and
USSR debris reappeared in the STARDUST samplirg corridor in high ccncentraticns.
By May the summer circulation had developad within the polar stratosphere, and
STARDUST measurements henceforth were probably representative of the distribu-
tion of USSR debris within the entire polar region.

The circulation of the northern polar stratosphere during early 1962
is illustrated by the contour maps of the 30 mb and 100 mb surfaces in Figures
50 to 53 (which are based on maps published by The Free University of Berlin
and the changes in the stratospheric radioactivity which accompanied changes in
the circulation are illustrated by Figures 54 and 55, and by Table 41. Tigure 50
shows the distortion of the polar vortex into an ellipse at the 30 mb level
during January 1962. Figure 51 shows its displacement toward the Eurasian con-
tinent at the 30 mb level in mid-February 1962, and Figure 52 shows the more
complex pattern of the circulation at the 100 mb level at this same time.

Figure 53 shows the circulation on 6 March 1962. By this date the polar vortex
had again migrated over Western North America, and high concentrations of debris
from the very high yield USSR weapon tests of late October 1961 wer= intercepted
between 49° and 40°N. The distribution of total beta activity in the STARDUST
sampling corridor on 6 March 1962 is shown in Figure 54, together with the

distributions during the second half of January and mid-February 1962.
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[ARLL 41, Total Beta Activities in pCi/SCM of Some Samples Collected at Altitudes
of 17 km and Higher at 65°N During the First Two Thirds of 1962

Altitude (km)

_Date L7 18 19 20 21
17 Jan 62 2,890 1,495 = 670 296
25 Jun 02 21,430 13,500 = 1,720 2,040

8 Feb 02 1,510 368 49 38 =
15 teb 02 1,240 264 110 = =
22 Feb 02 8,130 543 = 153 =

1 Mar o2 1,320 915 = 460 127

8 Mar o2 1,008 439 = 299 296
LS Mur 62 760 729 = 60 =
23 Mar 62 2,130 2,580 = 1,100 =
20 Mar 62 3,100 2,450 = 388 =

2 Apr 02 - = - 286 =
19 Apr 62 = = = 281 -

3 May 62 1,910 3,770 = 565 =

4 May 02 1,340 2,670 = 484 =
10 May 62 1,480 780 = 645 =
17 May 62 3,750 990 - 275 =
24 May 62 2,430 2,160 = 428 =
31 May 02 +, 700 2,420 = 4,340 =

7 Jun 62 1,540 4,250 = 542 =
14 Jun 62 2,420 1,200 = 5,540 -
21 Jun 62 2,160 1,550 = 930 =
28 Jun 62 1,730 1,845 = 1,780 =

6 Jul 62 = 1,008 = = 785
10 Jul 62 1,720 870 = 526 =
13 Jul 62 1,340 - = 458 =
20 Jul o2 = 1,450 = = 343
24 Jul 62 1,520 1,030 = 730 =
26 Jul 62 1,920 = = 803 =

3 Aug 62 = 1,040 = = 796
26 Aug 62 - 2,400 = 1,350 -
27 Aug 62 - 2,160 = 1,750 =
31 Aug 62 = 1,860 = = =
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In Figure 55 are plotted the temperatures recorded at the 50 mb level
(about 20.6 km) over Fairbanks (65°N) and the total beta activities and
Sr89/Sr90 ratios of debris intercepted at about 20 Im near this location during
January to March 1962. The migration of the Aleutian anticyclone across
Western North America in early February 1962 was marked by a rise in tempera-
tures and a decline in concentrations of fresh radioactive debris above
Fairbanks. The migration of the polar vortex circulation back over the area
in late February 1962 was marked by decreasing temperatures and rising levels
of fresh radioactivity. Table 41 lists the concentrations of total beta
activity encountered at heights of 17 to 21 km at 65°N during January to
August 1962. The relatively low activities encountered at all sampled alti-
tudes on 8 and 15 February 1962 reflect the effects of the maximum penetration
of the Aleutian anticyclone over North America. If, then, the data in Table
41 are to be used to deduce the vertical distribution of the radioactive
debris from the 1961 USSR tests, the data for March 1962 and later months
should be given the most weight. Nevertheless, the data for 17 and 25 January
1962 do represent air from the outer fringe of the polar vortex, and both
profiles show concentrations decreasing rapidly with height above the 17 km
level. Most profiles for collection dates in March 1962 and later show the
same situation, but a few show a maximum at 18 km, and two (31 May and 14 June
1962) show a maximum at 20 km.

On the basis of Table 41, it may be concluded that generally the
highest concentraticns (and always the largest total amounts) of radioactive
debris from the 1961 USSR weapons tests were found at or below the 18 km

level by sampling missions flown during 1962. The fact that this distribution
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was found on 17 and 25 January 1962 suggests that most debris from the USSR
test series was present below the 18 km layer by that time. This does not
disprove the hypothesis that most of this debris was initially injected at
higher levels, and that particle settling or subsidence during the early
winter of 1961 = 1902 brought about the distribution which was found in late
January 1962 and in subsequent months. There is, however, no real support
for such a hypothesis in the STARDUST data. Indeed, it seems more apprepriate
to conclude that most of th. radioactive debris from this test series was
initially injected into the lower polar stratosphere between the tropopause
and the 18 km level.

One could attribute the occasional appearance of high concentrations
of radioactive debris at the 20 km level at 65°N during the first half of 1962
(as shown in Table 41 for 25 January, 23 March, 31 May, 14 June and 28 June
1962) to the influx of debris injected initially mainly at altitudes above
20 km, and presumably produced by the 55 to 60 megaton event of 30 October
1961. TFurther information on this point is supplied by results of measurements
of products of neutron activation, such as mangarese-54 and antimony=-124, in
the samples. These nuclides appeared in unprecedented quantities in some
samples of radioactive debris from the 1961 USSR tests, and presumably this
reflects the production of an unusually high neutron flux during one or more
event in the series. None of the samples collected for STARDUST during late
1961 contained especially large amounts of manganesc—54 or detectable amcunts
of antimony-124. These samples did contain debris from the September USSR
events, the early October events, and one or more late October event. It does

appear, therefore, that these products of neutron activation were not
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characteristic of the test series as a whole, but probably mainly of the very
high yield event of 30 October 1961. It is noteworthy that this event was
described as having a small fission yield (Table 32). As a result, the
Mn54/Sr90 ratio should be much higher than in the other events in the series,
including the 25 megaton event of 23 October 1961, which presumably had
relatively high ratios of fission yield to total yield. Most likely, the
ratios of fission yield to total yield and of neutron flux to total yield
varied in about the same manner from one event to another in the series, with
the exception of the 55 to 60 megaton event. If this is true, all radicactive
debris from events in the test series other than the 55 to 60 megaton event
should have displayed a fairly uniform ratio of manganese-~54 to strontium=90.
The presence of large amounts of antimony-124 in the debris is also quite
unusual, and is probably best attributed to the most unusual event in the
series: the 5{ to 60 megaton event.

Table 42 lists the results of measurements of total beta activity,
strontium~90 and manganese~54 in samples collected at 19 to 21 km altitude
at 65°N ¢ ing January to September 1962. Large concentrations of manganese-54
and high Mn54/Sr90 ratios were encountered on 25 January, 23 March, 3 May and
10 May 1962, but the highest concentrations and highest ratios found at this
site were not encountered until 31 May and 14 June 1962. This suggests that
the air which contained the highest concentrations of debris from the 55 to 60
megaton event was probably prevented from reaching the STARDUST sampling
corridor during approximately the first five months of 1962. Perhaps it was
trapped within the polar vortex over Eurasia and Eastern North America, and so

did not reach the STARDUST sampling corridor in representative quantities
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TABLL 42.

24

24

Jun
Jun
Jun
Jun
Jun
Jun
Jun
Jun
Jul
Jul
Jul

1962
1962
1962
19062
1902
1902
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962

Trends in the Concentrations of Total Beta Activity, Strontium=90
and Manganese-54 at 19 to 21 km at 65°N During January to September

1962  (The manganese~54 data are corrected for radioactive decay
to 15 October 1961)

Altitude Total Beta Srqo Mn54 Mn54
(km) (pCi/SCM) (pCi/100 SCM) (pCi/100 SCM) SrJ0
19.8 670 208 - ~
21.0 290 175 - -
19.8 1,720 257 - -
20.4 2,040 310 20,600 64
19.5 49 129 - -
19.8 38 140 - -
19.8 110 171 189 1
19.8 178 142 745 5
20.4 132 141 - -
19.8 460 210 - -
20.7 1127 188 - -
19.8 299 184 2,360 13
20.4 296 188 - -
19.8 60 64 - -
19.8 665 223 - -
20.5 1,520 321 27,500 86
19.8 388 204 - -
19.8 286 154 - -
19.8 281 157 - -
19.8 808 384 22,900 60
20.1 279 195 6,580 34
19.5 645 - - -
20.4 328 208 - -
78 .1 645 304 14,000 46
19.8 275 - - -
19,8 329 251 - -
20.4 526 386 - -
20.1 4,200 1,440 156,000 108
19.8 605 315 - -
20.4 474 255 - -
19.8 7, 300 2,250 258,000 115
19.8 4,020 1,390 118,000 85
20.1 1,810 596 66,800 12
19.8 1,230 501 - -
20.4 678 338 - -
19.8 1,780 857 70,100 82
19.8 526 292 - ~
19.8 549 374 - -
20.1 830 523 36,600 70
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TABLE 42.

20
27
31

10
19
23
25

Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep
Sep
Sep

Date

1962
1962
1962
1962
1962
1962
1962
1962
1962
1962

(continued)

Altitude

(km)

19.8
20.4
19.8
20.1
19.2
18.9
19.8
20.4
19.5
20.4

Total Beta

{pCi/scM)

1,530
1,780
1,680
5,850
1,860
1,620
1,270
1,760
2,050
1,970

sr?0
(pCi/100 SCM)  (pCi/100 SCM)

Mn4

Mn54
SJ0

259

539
534
495
925
605
550
514
500
538
545
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until after the polar vortex circulation broke down in the spring of 1962.
Alternativelyv, it may have been held largely at altitud~s above those sampled
by STARDUST during most of early 1962, and brought down by subsidence or
particle settling to the 20 km level during the late spring. The vertical
profiles of fission products and neutron activaticn products given in

Tables 43 and 44 are of significance to this question.

The concentration profiles of radioactive debris at certain locations
on specific dates are indicated in Table 43. The total beta and strontium-90
activities are measures of total amount of debris present, and the value of the
Sr89/8r90 ratio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>