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Abstract. Meteorological analysis of the paths of nuclear clouds has been

used to assign the source of radioiodine in the milk samples collected in

the U. S. Public Health Service Pasteurized Milk Network (PMN). Most of

the instances of elevated values between April 1963 and December 1968 are

attributed to six atmospheric nuclear explosions in western China. Only |. — . .

one of five cratering events at the Nevada Test Site caused elevated values

in the PMN milk. Two periods with relatively low concentrations of radio-

iodine in milk possess no apparent explanation. By selecting periods with

no atmospheric or cratering events, it is argued that at most small amounts

of radioiodine in the PMN can be attributed to accidental releases from :

underground nuclear tests in tne United States during the period of f

analysis. Radiolodine from accidental releases, reactor tests, and cratering 2

events has beendetected in a local raw milk network surrounding the . }

Nevada Test Site. . 3
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The potentially important sources of radioiodine (I131 ) in milk are:

(a) atmospheric nuclear tests, (b) nuclear cratering experiments, (c) unscheduled

ventings from underground nuclear tests, (d) releases from fuel reprocessing

plants and other installetions. In 1963, Mechta (1) attributed the origin

of zist in milk samples of the U. S. Public Health Service Pasteurized Milk

Network (PMY) having 2300 pCi/l (picocuries of ist per liter of whole

milk) to particuler sources during the period September 1961 through 1962.

The present report updates the original report for the following six-year

period.

Waile radioiodine in milk has been measured because of its health

implications, the primery purpose of this study is to account for the origin

or yist in PMN milk samles. For present purposes, the absolute values of |

the concentration are secondary to the assurance that the milk truly contains

qi31, At least one PMN sample per week was routinely scheduled for analysis

in each of about 60 milksheds; the sampling frequency increased to twice

weekly when elevated concentrations were expected or found. A single sample

each week may not reflect the highest level in milk. .

The generally accepted limit of detection for iodine-131 analysis is

10 pCi/l. ‘This level is based on the random deviation in the analysis and

count statistics and is defined as that:

"level of activity which results in a 100% error at the 95% confidence

level."

However, if there are small quantities of unidentified isotopes present,

such as naturally occurring radium-226, or unusual background fluctuations

wnich are not accounted for in the analysis, a bias can be introduced in

the results which will raise the minimm sensitivity. On this basis, a

cut-off value of greater than 30 pCi/l was chosen as that representing a

high level of confidence that iodine-131 was actually present (2).

Many states operate their own milk networks; their results will be

examined Tor support of the PMN findings. Because of earlier controversy,

special attention is devoted to the possible sources of radioiodine from

various nuclear activities at the Nevade Test Site (NTS). A local network

operatec by the Public Health Service surrounding the test site provided

data which bear on the interpretation of the PMY findings in terms ofa. -

Nevada source.
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Orisin of ost in PMN milk.

A nw 4% = — 4 - < L321
AS snown in figure 1, there are ten veriods with I

reaver than 30 oci/1 in the PMN from April 1963 through December 19658. The

concentrations

Jonuary through March 1963 is a continuation of the elevated valuesoy cht

in fig. 1) followed six ofw re Oo a
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the eight atmospheric tests conducted at Lop Nor in weatern China (40°N,

90°Z). These six nuclear tests were reported to have total yields ranging

from less than 20 kilotons to a few hundred kilotons equivalent TNT (3).

Nuclear explosions near the ground with yields in this range inject radio-

activity mainly into the troposphere, the active weather layer of the |

atmosphere (4). The movements of the leading edges of these six nuclear

cloucs appear in Figures 2 through 7. The behavior of the clouds from the :

Mey 1955 and Mey 1966 tests has already been discussed by Machta (5) in ,

conection With preferential thunderstorm scavenging in the mid-western

United States. Two other atmospheric nuclear detonations were reported

each having @ total yield of about 3 megatons of equivalent TNT (6). Fallout Sy

or all bomb produced radioisotopes from the first megaton test of 17 June 1967

was virtually non-existent.in ground Level air or rainwater for months after

the event. ‘This may be due to the fact that an explosion with the yield of -
+.

about 3 megatons will inject most of its radioactivity into the stratosphere.

The second megaton test took place on 27 December 1968 so that its fallout,

e
e
e

if axy, would not cccur in the pericd covered by this study.

Tnixrteen atmospheric nuclear tests have been conducted by the Republic

of France in the South Pacific near Muraroa (22°S, 140°W), (7, 8).

Unfortunately, the sparsity of weather deta over the equatorial oceans

aa aeprevents the construction of reliable meteorological trajectories of the
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clouds from these tests. Icdine-13l1 concentrations in excess of 30 pci/1

occurred during period 10 following tests in the South Pacific. One milk

sample, 32 pCi/l, in the Canal Zone in the lest week of August 1968

probably cerived itsys from these tests. ther short-lived radioactivity .

was Yound in air during the same period av stations in South America and

the tropics, which fits a pattern expected of a South Pacific source (9).
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(>) Cratering events:

wive cratering tests conducted as part or the U. S. Atomic Energy

Commission Plowshare Prosram for the peaceful application of nucleer

explosives took place between 1953 and 1968. Although some radio-

activity was devected in the atmosphere following each test, only the

Palanquin event of 14 April 1965 resulted in elevated ist levels in

the PMN milk (Period 2). ‘The meteorological trajectory for this event

is shown in figure 8. Only Helena, Montana, reported detectable levels

or zit |

Radioiodine must pass from the atmosphere through crops, cows, dairy

in milk.

transport, storage and pasteurization before its radioactivity is measured 7

in milk in the PHS laboratories. These delays involve only a few days . :

but may, in rare cases, take up to five days for the PMN. Further, only :

one sample per week is routinely collected from cach milkshed. Thus,

the delays and periodic sampling can result in time differences between

nuclear cloud arrival and first milk contamination in Table 1 of up to

& week anda halt. The longest time difference, eleven days, was found :

in period 2. As discussed in the next paragraph, the explanation involves

-. another factor, the weather.

During the colder haif of the year in northern milksheds, herds are fed . .

scored nay so that the cows have’ little opportunity to obtain radioiodine :

even if fallout were present (10). <A specific instance in which this was oh.

observed took place at Helena, Montana, which according to Weather Bureau :

records, was snow-covered on April 16, 1965, the date of fallout deposition

from the Palanquin cravering event, until a thaw a few days later. This

probable delay in exposure of the cattle to the deposited radioiodine

may help to account for the eleven day delay between deposition and Pirst :

milk contamination.

Tnere were four other cratering tests at the NTS between 1963 and 1968,

none of which elevated the PMN milk radioiodine. These tests were :
intentionally conducted during the colder half of the year with wind blowing |

towards the north to take advantage of the fact that dairy cattle were on

dry Seed; the absence of zit in milk does not preclude its deposition.

(c) Underground tests:

Tre contribution of radioicdine Prom underground nuclear tests at the

Nevada Test Site (NTS) in PMN milk since September 1961 has been questioned
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(il through 20). Underground tests at the NZS must always be viewed as a

potential source of radioiodine for milk within the U. 5. because of its

proximity compared with any proving ground cutside the continental U. S.

rurther, the radioactivity from uncerground tests at NTS may often be

released near the ground so that direct contact with the crovs and scavenging

by precipitating clouds is easier than for nuclear clouds aloft. Finally,

since qrst is gaseous, atmospheric contamination from underground tests may

be postulated even when particulates fail to escape.

Questions about the source of radioicdine have been raised for the

period in 1961 and 1962 when both etnsospheric and underground tests were

being conducted. Over five and one helf years have elapsed since the Izsh

fallout from the 1961-62 atmospheric nuclear test stopped and there are

now intervals with frequent underground but no atmospheric nuclear tests.

inspection of Fig. 1 reveals nine such int-ervals which are listed in

Table 2b, during which 5 cratering and 133 contained underground testswwere

reoorted to have taken place within the United States. In addition, tL

underground tests were reported to have vented. The term "vented" is used

to mean that radioactivity was detected off the Nevada Test Site. Excluding

the interval after the Palanquin cratering event of 14 April 1965 and the

unexplained November-December 1965 episcde in southeastern United States

(to be discussed later), no ist concentration in milk of the PMN exceeded

30 pci/2l.

Because of the cattle feeding practices during cold weather, a better

measure of the lack of radioiodine in milk following underground tests

in the absence of atmospheric nuclear tests or the Palanquin event may

be obtained from the warm seasons, May through October. Examination of

these warm season PMY milk concentrations also shows that no milk sample

contained over 30 pci/1 despite 64 reported underground tests of which

three were reported to have vented (Table 2c).

During the periods of rt) eariout from atmospheric tests in 1963-68

there were also 30 reported underground tests in the United States, four

- of which were reported to have vented. There remains the possibility that

these underground tests contributed ti3L to she PMN milx which may have

been masked by atmospheric testing. ~% is unlikely, however, that under-

ground tests will produce zi3l in PMN milk only when there are atmospheric

tests.

a_i
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(ad) Unexplained Episodes:

‘Firure l reveals two other isolated periods (4 and 6) of slightly

elevased isolated radioiodine concentrations in the PMY that nave not

been previously discussed. From Novenber 30 to Decenber 8, 1965,

eleven milxsheds in the southeastern U. S. (Baltimore, Md. to Tampa, Fla.

to Little Rock, Ark.) reported concentrations between 14 and 36 pCi/l.

Reanalysis of the gamme spectra for the detectable values during the |

November 30 - December 8, 1965 period confirmed the presence of radio-

iodine as originally reported. ‘The Savannah River and Oak Ridge Atomic

Energy Commission installations lie in this area and mere proximity suggests

them as possible sources. However, neither their local monitoring results

nor reported zis releases, if any, implicate either plant. The other

period, July 1966, followed the South Pacific atmospheric tests. A value

of 60 pCi/L was observed at Palmer, Alaska, on July 19, 1966. But itis . :

deemed unlikely that an Alaskan milkshed would be contaminated by a source

at 22°S. There is, however, no independent evidence for accepting or

rejecting southern hemisphere nuclear tests for the several elevated yi3l

milk concentrations in 1966.

In addition to the two unexplained periods in November-December 1965

and July 1966, there are others diring which the radioiodine concentrations

exceeded 10 pCi/l but failed to reach 30 pCi/1l, most lying close to the

lower value. These concentrations do not, of course, appear on Fig. l.a ?

in all of these latter cases the geographical and temporal distribution

or milxsheds appears to ve almost random. These relatively few concen-

trations above 10 pCi/l might be expected as statistical fluctuations

.because of the routine handling and analysis of the many thousands of

sanoles.

Commerison of PMN with State milk network ,

In addition to the PMN, about 40 states monitor zist in milk. In 1963

only 11 states reported to the FHS, which publishes their results in the

Radiological Health Data and Reports (21). By 1968 the number of states

reporting had increased to fifteen. Many of the state networks collect

and analyze milk samples on @ monthiy basis wnile some collect more

frequently. Neill and Snavely (22) summarized the criteria used by the

states in their milk samvling programs.< gS gr
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Tia state results almost always confirm the presence of I 3 in milk

tho radioisotope appears in the PMN, sometimes higher and sometimeswnen the

131 inlower than the PMV concentration. Durine the veriocds with no Ia oy

we Dindings aiso contTirm the absence of radioiodine inyn oad . Jn aPray milk, tne state

mil in the United States, with two minor exceptions. On September 12, 1966,

Vv

of 40 pCi/L for March 1957. Again, other California milksheds were much

ower. These elevated values in the state networks are not accounted for.

The general lack of I>-+ in milk semples collected by the states is not a

conclusive verification of its absence in the PMY because of infrequent

sexpiing, limited reporting, and the monthly averaging.

Comoerison or PMY with SWRHL milk network:ated

Tae Southwest Radiological Health Laboratory of the U. S. Public Health

Service (SWRSL) operates a milk sampling network which surrounds the Nevada

Test Site. Milk is routinely sampled each month from dairy farms and .

individual family cows in Nevada, western Utah and eastern California. In

the event of a release of airborne radioactivity from the testing activities

(at the NES some 155 producing dairies in 1l western states can be alerted

by telephone to collect milk samples. The SWRHL conducts a continuous

survey of off-site milk sampling locations.

A summary of ist findings in milk in the SWRHL network appears in

Table 3 for nuclear rocket tests, cratering tests, and unscheduled venting

Prom underground tests.

Levels of radioiodine in the SWREL milk network following the reactor

tests in Jackass Flats of the NTS show a peak value of 240 pcei/l. The

farthest farm from the test site with a concentration in excess of 30 pCi/1

(from a test on February 23, 1967) was located at a distance of 250 miles.oe

There was no detectable zist in the SWRHL milk network for about half of

the reactor events.

Four of the five cratering events resulted in readily detectable

concentrations of radioicdine in the SWRHL network. The Sulky cratering

event created a mound rather than a conventional crater and only very small.

amounts of radioactivity were released to the atmosphore. Thus, it is

now surprising that no detectable amounts of radioiodine could be found in

milx. Todine-131 from the Palanquin cratering event provided the highest
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milk concentretions of any NTIS event and, as noted earlier, its ist

appeared in the PMN milk et Helena, Montana as well. The SWRHL collected

ilk samples from 154 locations in the western U. S. for this event with

sive sampling concentrated in seven states. The farthest distance

st in milk >30 pCi/l was found at Miles Clty, Montana, approximately

900 miles from the test site. The date of this sample preceded that found

at Helena in the PMN from the same event.

"Siovron or the fifteenunscheavlea releases of radioactivity from under-

ground tests at the NTS produced no detectable zis in the local NTS milk

samples. The Pin Stripe event on. April 25, 1966, resulted in a milk concen-

tration of 4,800 pci/l at a distance of 60 miles. Concentrations decreased

to 70 pci/l in a sample obtained at 550 miles. Aside from Pin Stripe, the >

highest concentration of qist in the SWRHL milk network from an unscheduled

release of radioactivity from an underground test (130 pCi/1) occurred from

the June 16, 1965 event. Actually, at this time, fallout from a Lop Nor

nuclear test deposited radioactivity over the United States and the assignment

of the originof the radioiodine in milk is ambiguous (23). ‘The same

- eonfusion on the source of radioiog@ine in milk existed a year later for
the June 8, 1966 rocket test (24).

Why did the PMN not reflect the presence of radioiodine when it was

seen in the local SWRHL network? The probable explanations are both

meteorological and non-meteorological. In the latter category one notes

that the PMN composites milk from farms dispersed over hundreds to thousands

of square miles. Milk from ?Parms with detectable concentrations of ist

can be diluted by milk from other farms in the milkshed with no radioiodine,

* the composite qist being too small to detect. This contrasts with the

SWRHL network where, for the most part, individual farrsor dairies are

sampled. The clouds from some of the atmospheric releases in Table 3 moved

northward in the cold hal? of the year when cows were not on pasture. But

probaoly more important are the several meteorological reasons. A cloud

of radioiodine dilutes as it moves downwind of its source due to both

horizontal and vertical turbulent mixing and to removal processes. The

dilution caused by atmospheric diffusion, on the average, decreases the

peak concentration in the cloud at the rate of roughly the square of time.” The

peak concentration et 5 hours would thorefore be reduced by a factor or

25 one day later. The rate of loss due to upteke of zis by the soil and



undexzround and 5 crateering tests were reported in the U. S. almost all at

o
m

vegetation is unkmown. Precipitacion ccevenging is effective whenever

it roins or snows. It is believed tnat tnis removal process was particularly

effective Tor the Palenouin cloud which was snowed out while moving over

Tdaho and Momtana. Finally, the ry miixsheds cover only small areas of

the United States. Could a cloud of radioiodine have passed through the

country missing every PMN milxshed? Such a passage is possible but is

nishly unlikely. Eowever, the first PMY milkshed that the debris will

ass through outside the State of Nevada lies from 300 to 600 miles fromse
!

c
the NUS, depending on direction o> cloud travel. Tae answer to the

esvion neading this paragraph therefore is that the concentration of5
2 fo

radioiodine in most cases is probesiy too low to cause an elevated milk

concentration by the time the radioiodine cloud reaches the PMN.

summery and Conclusion

Six atmospheric tests conducted in Western China provided the source of
gene ae . Ss a . 131

radioiodine for the majority of cases of elevated concentrations of I 3 in

w
e
e

e
e
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e

PMN milk in the United States from April 1963 to December 1968. Atmospheric

tests in the South Pacific probably acccunted for only one elevated value, in

the Canal Zone.

During periods without zist fallout from atmospheric tests, 132 contained ~~

the NES. In addition, underground tests were reported to have vented.

During the same period no PMN miik samples contained zist greater than 30

pei/1 except Por the period following the Palanquin cratering event and

the unexplained episode in the southeastern U. S. The evidence since 1963

scronzly suggests that nuclear cratering events conducted in the cold season

with wind biowing toward the north did not contribute significantly to

elevated radioiodine in the PMY milk.

The limited data from state networks measuring radioiodine in milk

conTirm the presence or absence or qtst in PMY milk with minor exceptions.

However, a local Public Health Service network surrounding the NTIS showed

radiotodinein|milk following 13 of 25 rocket tests, four of five cratering
our SYpto—

tests, and Sour of “trtcen unscheduled ventings from underground tests. —.

Only after one cratering test, Palencuin, did the PMN also contain zisi

in milx. it is suggested that avmosphneric mixing and removal processes

diluve the radioactive clouds. Teese as well as non-meteorological factors

account for the absence of PMY contexnination when the local PES network

reveaiec elevated radioiodine.
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Table 1, Cases of 1-131 730 pCi/l of milk in PHS Pasteurized Milk Network

{April 1963 through December 1968)

Period

(See fig. 1)

 

Nuclear Cloud Arri

Date from Meteoro

Trajectories /

y 1
ogical

 

Probable

Source

 

“ .

Period of ' First Contaminated Highest Contaminated Milk
Milk Contanination Milk . 1-131 1-131

Bepin End Milkshed (pC/1}  — Milkshed Date {pci/1)

10/26/64 11/2/64 Albuquerque, N.M. 60 Albuquerque, N.M, 10/24/64 60

4/27/65 4/27/65 Helena, Mont, 80 Helena, Mont, 4/27/65 80

5/25/65 6/22/65 Minneapolis, Minn, 90 Kansas City, Mo. 5/28/65 220

12/1/65 12/1/55 Chattanooga, Tenn. 36 Chattanooga, Tenn, ‘12/1/65 36

5/20/66 6/24/66 Kansas City, Mo. 80 Little Rock, Ark, 5/24/66 392

7/19/66 7/19/66 Palmer, Alaska 60 Palmer, Alaska 7/19/66 60

11/10/65 11/16/66 Kansas City, Mo, 3? Kansas City Mo. 11/10/66 37
Austin, Tex. 11/16/66 3?

1/6/67 1/16/67 Portland, Ore, 74 Charlestown, §.C, 1/10/67

1/4/68 1/4/68 Charlotte, N.C. 36 Charlotte, N.C, 1/4/68 36

8/26/68 8/26/68 Canal Zone, Panama 32 Canal Zone Panama 8/26/68 32

et,

nen

10/20/64  U
5/19/65

5/13/66

11/2/66

12/31/66

12/28/67

Unknown

  Lop Nor Atmos-

pheric test

NTS Cratering

event

Lop hor
pheric

Unknown

Lop Nor

pheric

Unknown

Lop Nor
pheric

Lop Kor
pheric

Lop Nor

pheric

Atmos-

test

Atmos -

test

Atmos-

test

Atmos-~

test

Atmos-

test

S. Pacific |
Atmospherfe test



 

Table 2 Number of reported uncereround and cratering events in the

United States (April 1963 - December 1968),

a, Total number of events

- he 1 = #4,Non-vented underground ~ 156% —
Vented undersround------ tr/& ee

Cratering events-------- 3

db. Number of events during periods coz non-atmospheric testing

 

Non-vented Vented

Undereround Undersround Cratering

Aor, 1963 - Oct. 16, 1964 39 . 3 0
Nov. 2, 1964 - May 14, 1965 13 3 2

June 22, 1965 - May 9, 1965 27 2 0
July i9, 1966 - Sent, 11, 1966 2 0 0
Nov, 16, 1956 - Dac, 27, 1966 3 0 0

_ Jan, 16, 1967 - June 5, 1967 12. 1 0
Juiy 2, 1967 - Dec, 24, 1967 li 1 0
Jan, 4, 1968 - July 7, 1958 +s 1/4 AL 2 —=_
Sept, 8, 1968 - Dec, 27, 1968 LO 0 1

TOTAL: ts. tbh 3 ——==_
{2 { AL

¢. Number of events during period May through October excluding atmospheric
tests,

Non-vented Vented |
Underexvound Underground Cratering

May 1 - Oct, 31, 1963 23 1 0 .
May 1 - Oct, 16, 1964 14 0 0
May 1 - May 14, 1965 2 1 ©
June 22 - Oct, 31, 1965 7 0 0
May 1 - May 9, 1966 3 0 0
July 19 - Sept. 11, 1966 2 0 0
Mey 1 - June 5, 1967 4 0 0
July 2 - Oct, 31, 1967 8 1 0

May 1 - July 7, 1968 . 0 0
Sept. 8 - Oct, 31, 19358 4 0 0

TOTAL: él “3_ “O-

* Includes two joint US-UK events,



 

ny

Table 3,

Date

  

May 13
aug 28
Sept 10
Sept 24
Oct 15

1965

Jan 12

Apr 23
May 20

May 28
June 25

 

1966
 

 

 

a, Reactor tests:

Location receiving

Max I-131 in milk
Distance

 

_(miles) (pci/1)

90 140
150 20
80 40
- wo(i) |
- ND

- ND

- ND
80 90
30 70

130° 180

- ND
- 1D
~ ND
- ND

100 140
30 50°
170 240

- ND

180 60
30 90

- ND
80 30

140 90
- ND
- ND

milk network surrounding the Nevada Test Site (25).

Iodine-131 in the PES Southwestera Radiological Health Laboratory

Farthest location

receiving 30 ,Ci/l

 

Distance

(miles) (pCi/l)|

220 40

80 40

8&0 90

30° 70

130 180

- —

115 40

30 50

200 50

250 40

30 90

140 90
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Date

  

 

 

Jan 26

Mar 12

Dec 8

 

 

 

 

 

 

Jan 16

fKrer AT

(1).

(2) nwo milk samples were collected =
ground levéis was not datacted in the of

y Eee eS Mey

 

  

 

b. valorving Divceriments:

Test Locction receiving Farthest Location

Man I-13] in «ilk receiving >30 pCi/1l
Distance Distance

(miles) (eci/L) (miles) (pci/1)

Sulky - ND - -

Palenquin 135 11,000 900 60

Cabriolet 275. 630 2385 40

Bugey L 309 559 320 ~ — 40

Schooner 250 100 250 100

&,. Uacschedulcd Ventines

Yuba ¥, - Np (2) ~ -

bagle - ND - -

pike / 300 80 300 80

Parrot - ND - -

Alpaca/ - WD - -

Tee / wp (2) - -

Diluted Water 150 | 130 280 60

Red Hot J - ND ~ -

Pin Stripe 60 4800 550 70

Double Play - ND - “.
Derringer J - ND - -

Nash fi - ND - =

Umber Jf - ND - -

Door Mist ~ NO - >

Hupmobile 3 30 - -

indicates [-13]1 in milk was not detected,

Radioactivity above back-
area by air samples,

 



 

Fig.

Fig.

Fig.

Fig.

Caption for Figures

The highest individual milk concentration (>30 pCi/1) of yi3l

for each week reported in the U.S, Public Health Service Pasteurized’

Milk Network and the announced nuclear detonations. The hatched bars

indicate the highest concentrations were outside the contiguous 48

states, Asterisk indicates joint US-UX underground test.

The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on October 16, 1964 determined by meteorolo-

gical trajectories...

The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on May 14, 1965 determined by meteorological

trajectories,

the successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on May 9, 1966 determined by meteorological

trajectories,

The successive areas covered by the leading edge in the upper

troposphere from the announcedatmospheric nuclear detonation near

Lop Nor, western China, on October 27, 1966 determined by meteorolo-
. \

gical trajectories,

-The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on December 28, 1966 determined by meteorolo-

gical trajectories,

The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on December 24, 1967 determined by meteorolo-

gical trajectories,

The successive areas covered by the nuclear cloud from a cratering

event (Palanquin) on April 14, 1965 determined by meteorological

trajectories,

 eeee Berrreg



 

M
A
X
I
M
U
M

I-
F3
t

Ih
P
A
S
T
E
U
R
I
Z
E
D

MI
LK

(p
Cs

/l
it

er
)

 

 

 
sol

|
30) ++

JiN FEa MAR

| i a I

I

 

150+

wAN fea MAR APR MAY JUNE

JUNE "gULY

1963

rT TT Tr

APR MAY

APA MAY JUNE JULY

i964

tJ 4 ye ii i

|

@

2
2
0

+

1865

AUG

AUG

JULY AUG

SEPT

ad

SEPT

TT ad

SEPT

oct

@

i.
OCT

OCT

i

NOV

TET TT

NOV

T

bec

I
! a

—) = CRATE RING

oEC

TF

NOV

®

bec

NOT VENTED us
oo VENTED »
#— CRATERING [Soencnouno
Sa UNDERGROUNDU5SA
w= ATMOSPHERIC CHINA

s— AI

130

30

=Nor VENTED |,
TT VENTE UNDEAGROUAD
w= UNDERGAOUND USSR
a ATMOSPHERIC CHINA
wm ATMOSPHER, FRANCE

+150

SNOT VENTEO |, 5
eeeag UNDERGROUND
+UNDERGROUND USSR
= ATMOSPHERIG_CHINA
=ATHO

150

100

50

30

O
F

O
R
e
e
e
p

e
e
e
e

e
e
n
p
e
e

e
e
e
e
e
e

R
t
e
e
r

a
a
e

r
e
m
e
m

Sa
nt

ee
oe
M
e

8
m
m
A
R
B
g

E
H

T
n
R
e
e

tie
P
R
n
r

—
—
—

w
e
e
r
’

—
-

w
e

e
e

we
e
e

a
e

m
e

e
e
,

L



 

N
e

M
A
X
I
M
U
M

[-
13
1

IN
P
A
S
T
E
U
R
I
Z
E
D

M
I
L
K

(p
Ce
/t
it
er
)

 

 

 

 

 

 

 

 

 

 

 

 

 

OT PTET ty EUyy ry iT Tri oT TY s-sorventeo fy.
J | ! | t— VENTED UNDERGROUND.

= CRATERING

1 [UNDERGROUND USSR
[ L_ I [= ATMOsPAEHICCHINA
{ —__1l 1 x = ATMOSPHERIC FRANC

iso. ao” 130

a0

ool | 4100

sok Wh a @ 50

jou, a r hnbanh by. yA r 71.39
vAN FEB MAR APR MAY JUNE LY AUG SEPT OCT NOV DEG

1966

] T TT tod Gt TT i TT 4 tT 4 tit (i =—NOT VENTED
i i | eeeaing VNOERGROUND

—
a— UNDERGROUND US 5R

Lo I ATMOSPHERIC CHINA
Lu —1 LC — ATMOSPHERICFRANCE

tol fs |
z

100 Joo :
1

50 50

30 — + —— T 7 7 — 7 +——y 7 > 7 30
JAN Fea MAR APR MAY WUNE JULY AUG SEPT OcT NOV bec

ot 1967
8.

UNDERGROUND

 

1S0Fr Gn 4150

—
100+ : 100

$0 a9 50
4 =r =r —y + ——+ r =, 7 + T + T —r 30

JAN FEB MAR APR MAY WANE -WULY AUG sept ocT NOV bEC
1968

n
r
e
e
r
e
e
e
r
e

e
e
m
e
e
e
e
e
m
e
e
e

m
e
e
r
e
p
e

e
e
e
e

e
e

o
e

 



. 16, 1964

0700 GMT

    
 

 

C
o
n
e

anes
e
e
t
n
e
e
n
g

 



L965

0200 GUT

v»i
§

=

 

  
 

~

AE
dee
t
a
r
t
e
e
e
e

m
e
e
n
a
m
e
m
e 



 

   

 

 S.

yn ee »
Or OF. Le fe

e> | YY as

— 24

a

  

*

a
at
——

      

—
o
o

 



 

 

,
S
e
e
e
e
n
a

e
e
e
e
e

e
e
e
e

c
e
e
e
a
d
e
e
e
t

i
.

 

feiIf

   
  

|

996!‘22“190

NIVLYRZONALS3L

JONOILYSDOT

pl.|

 

  

  

1
\:

t

«  

  

  



DEC. 28, 1966 |

 

 

  

 

© OF UPPER TROPOSPHERIC
’ DEBRIS FROM THE FIFTH CHINESE NUCLEAR
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