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ABSTRACT

~ The purpose of this report is to present analysis of the
meteorological aspects of Operation IVY, to document the radio-
logical data, and to interpret the analysis and data for guidance

in future Paclflc tests.

Fallout data was collected by the Atomic Energy Commission
on a world-wide network of gummed paper stations, supplemented

by a few air filters, the radiclogical analysis being carried out

by the New York Operations Office of the Atomic Energy Commission.

. Documentation of this data is in the form of maps showing the

daily collections of beta activity at every sampling station used
durin° this-operation.

_ Meteorologlcal analy51s of the ‘world-wide dispersion of _
debris from the MIXE and KING tests is best presented by dividing
each cloud 'into three separate layers - the trade wind layer
{surface to about 30,000 feet), the upper troposphere layer

(30,000 feet to 55,000 feet) and the stratosphere layer (55,000

feet to cloud top). Schematiic diagrams showing daily outlines of
these layers as well as maps of daily radiocactive surface deposi-
tion are .presented and discussed. The trade wind layer of both
clouds moved away from the test site toward the west, a southern
portion continuing westward while a segment from the northern edge
split off to curve toward the north and then eastward toward North
America. Direction of transport of the upper troposphere and :
stratosphere layers of the debris was variable although movement

- . was essentially zonal (east and west)..

The effects of transport and diffusion are-discussed and it

is concluded that no data positively requires fallout of particles
- from debrls that inltlally stabilized in the stratosphere.

Average activity of surface deposition.is increased hy precipi-
 tation, but the increase in the United States for this operation is

e vl -
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"less than the increaée found for continental tests (a factor of
.3 compared to a factor of 8), an effect, parhaps, of smaller .
‘particles reaching North America from the Pacific tests. -

/

In genei'.al, the program has not ;d;'a.nced nmeteorological
knowledge in the field of trajectory computation or. turbulent

~diffusion because of the many uncontrolled and unmeaurable variables.

R
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 CHAPTER 1

1.1 INTRODUCTION .

Opération IVI, the fourth series of nucleér tests by the
Atomic Energy Conmﬂ.asion to be conducted at the proving grounds
in the Marshall Islands of the Pacific Oceax\ ‘consisted of two

- high yield nuclear devices. The first, MIKE, was detonated at

1915 GCT, 31 October 1952 znd the sacond KIHG at 2330 GCT,.

15 Noverber 1952, both at the Eniwstok Proving Gromds. The

fallout from these tests was of particular interest because of

. geveral wnique conditions. First, the extremaly high yield of

the tests posed new questions as to possible health or industrial
hazard, second, there had never been any extensive ground mopl-
toring system for previous Pacific tests, and third, no previous

- atomic cloud had reachad the altitudes estimated for t.he MIXE

cloud, 120, 000-11;0 000 feeu ebove sea level.

" The purpose of 'this renort is 1o mtegraté the radiclogical
and msteorological observations and achieve the following '

- objectives:

l. Rl docmmeﬁtation of the fallout data. 7

2. Meteorological interpretation of the fallout data,
including a reconstruction of the most probable paths
folloua‘d by the debns.

3. Use of tvy data to predict fallout .for futm'e tests.
‘4. Evaluation of atomic debris as a tra.car for meteoro~
logical research.

1.2 BASIC METEOROIOGICAL DAT:

ﬂthoug} the network of upper-zir observing stgtions in the
vicimity of the Eniwetok Proving Grownds was increased for the
IVY test period, it was still pitifully small in comparison wlth
that in the United States. (It would correspond roughly to

 stations in Texas, Montana, and Mexico if transferred to the

Revada Proving Grounds!)  Analysis of gir flow patterns in the
tropics is further hmzzpe'-ed by the breakdown of the geoatroph.ic

R
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. approximation, a ‘theoretical relationship between the wind field

and the pressure field which is extremely useful at higher lati-
tudes, so that reliance on wind observations alone is necessary

. and little firrther assistance is derived from observations of
- the pressura field.

_ .The wind structure over the Marshall Ialands area durmg
the test period can be considered in three broad lavers: the
trade wind lgyer of steady eastnortheast winds extending from the
surface to about 25,000 feet; the upper troposphere, from 25,000

to about 55,000 feet, which consists of a series of moving large-
scale vortices; and the lower stratosphere, from 55,000 to
130,000 feet, containing variable east or west winds with speeds

' decreasing from values as hizh as 50 knots near the bass of the
_ layar to light (and uncertain) valuss above.

- Unfortunately, wind data over the Pac:.fic is aJmst com-
pletely lacking at heights above 100,000 feet and only sporadic
soundings are agvailsble in the remainder of the lower stratosphere.

 Even climatological mean winds are not avallasble at these great

heights, The paucity of data is critical in view of the great
height reached by the MIKE cloud and the fact that the bulk of

" the sirborne debris is probably contained in the mushroom. The

relatively small mumber of observations make it necessary to place
special emphasis on the analysis of .flow patterns that can only

be achieved under research conditions, paying particular attention
to time continuity. Figure 1.1 illustrates the 30,000-foot flow
patterns for 0300 GCT and 1500 GCT, 1 November 1953, and- shows the
number of observations typically available at this lewvel. Msteoro-
logical data for the Marshall Islands area was obtained from a
publication by the Joint Task Force (6), the remaining data from

- conventional weather teletypeuriter sources.

Kaps of the ad.rflow patterns at several elevations are used
to prepare trajectories of the various portions of the atomic
cloud. In general, the average error of the trajectories over
the United States has been found to be about 20% of the path
length 'at 30,000 feet. The lesser amounts of data will undoubtedly

"increase this error over the Pacific, except in trade wind layer,

where the regularity of the winds increases the accuracy.

- Another meteorclogical feature of most of the tropical

 Pacific region, which differs from conditions in the United Statss,

is the precipitation regime. Ralnfall in tropical areas occurs in

frequsnt showers (rather than large areas of steady rain) derived,
in general, from clouds embedded in the trade wind lgyers, although
thunderstorms in disturbed situations do extend to 55,000 or 60,000

- feet. -
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- 1| inversely proportional | \
| 10 wind speed.

OBSERVED WIND

- Flag -~ =50kis.
full barb = 10kts
Holfbarb = Skis

Streomline spacing is

| ‘F'i-guref 1.1 30,000-foot streamiine analyses for | Nov 1952
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1.3 BASTC RADIOIDGICAL DATA

The mond.tong network set up by the New Iork Operations
Office for the IVI tests represents the first systematic, world-
wide radiclogicsl monitoring program for an atomic test series.
Various military and AEC establishments performsd some ssnpling
during earlier tests, but no standardized collecting or counting
techniguas ware amnlnvnd nor wee the natumrl 0f citationa damge

o enough to delineate fallout patterns.

The only previous health and property hazard momitoring in

~ ‘the United States for a Pacific test occwrred during the GREEN
. .IHDUSE garies and intorest,in future tests was stimulated when a

peak valus of 1100 d/m/ft° on & gummed paper exposed for 2
hours was measured at Rochsster, New York (2).

-The basic instrumentation for the monitoring nstwork was
gummed paper and high-wvolums air filter measurements which had
proved adequate for the previous continental tests {7, §, 10).

.In sddition, supplementzy shorti-term measurements were made

with air filters, automatically operated equipmnt and by

special aerial surveys (8).

. Figures 1.2 and 1.3 show the location of stations in the .
bagic network. Specizl air filter observations were maxde at Guzm,
EKwajalein, Midwgy, and Barber's Pt., T.H. -

a1l observations from the basic network consisted of éh-hom'
sampling periods beginning at 1830 GCT each day. Gummed paper

.observations were made in duplicate on stands located about six

feet gpart except for a few stations in the United States whare
two different Weather Bureau stations (a:Lrport end city offices)

in the. aame vicinity were used.

4 large part of the field operation was perfo*mad by weather

~ obgervers of the Weather Buream or the iir Force, but in addition
‘some saupling was done by personnel of the Navy. the Coast Guard.

~

All samples were mailed to the New York Operations Office
of the Atomic Energy Cormission, togsther with a data card showing
the sampling period and relevant weather information. The gummed .
paper snd filters were ashed and counted by automatic beta counters.

Since radioactivity was measured several dgys t¢ a few weeks after

the sample was collected, a growth correction (time extrapolation)

must be applied to obtsin the activity that was present on the

sampling date. The vglue ‘of the growth correction depends on the

-b-
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Figure 1.3 Localion of fallout stalions tn the Northern and Southern Hemisphere
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form of the decay law, the time interval between the explosion
and collection dates, and the 'bime interval between collectian
and counting. .

Badioactivities on the gummed papers given in this report
are corrected to the date of sampling, and recorded in the units
"disintegration per minute per square foot per day", referred to

" hereafter ea "d/mf, Aiw £33dom gotiwiis 5o corrected o the
date of samph.ng is expressed in "disintegration per minute per
cubic meter of filtered a:.r" and is sbbreviated g /m/m3",

' l.h SO&CES Ol" ELROR pe.| RADIOLOGICM. DATA

In order to inte-pret ‘the radioclogical measmements, sources
. of error must be appraised. 4ny series of measwements of this -
‘nature must include inaccuracies, some inhsrent in the methods,
others the result of human error.

The sources of error and hmitations of the data can be con~
sidered in two categories: “errors in the radiological data, and
the representativeness of the gummed paper samples &8s & measure .
of the ground contexination. .

‘1.4.1 Observers! Errors

The most frequent error sppears to be misdating the
date cards. It is aglso possible that on some occasions gummed
papers were mailed with the wrong card. Errors originating at
the collection station cannot, in general, be corrected.

1l.k.2 Tgbulation Errors. -

' Mistakes are known to occur in punching the IBY
-cards which were used for computing and tabulating the data. 4
reécheck of questionable observations resulted in the correction
of & large number of such errors. Tabulation error undoubtedly
remain, but they comprise a very small fraction of the data.

1.4.3 Contamination of Samples in Processing

In processing such a large number of samples b)
‘ ron‘cine procedwres, cross-contamination is possible, especially
if a very sctive sample is present. Evidence that such errors
exist can be seen from an examination of samples processed on
1l November 1952, the date on which a very active gummed paper

~
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was processed (viz., Iwo Jima - 1,260,000 d/m). For exguple,

papers from Leopoldville, Belgium Congo, and Wellington, New -
Zegland exposed the day before the first burst had 2442 d/m and .

432 d/m respectively. Many other samples processed on this day

as well as other days when "hot" papers were processed, indi- : T e
cated activity in areas not believed to have been affected by

the IVY clouds gt the t:Lme

1. h L Countix;g Accurz_;_cL

Counting errors are believed to be m.mportant in

| comparison with other sources of error. For the purposes of this

analysis the absolute magnitude of the few very large collections

is not important.

1.L.5 &oﬁh Correction

: ‘The growth correction is computed from the Way-
Wigner law, which assumes that t?e decay of activity in the fission -
products is proportional to t™°°, where t is the time since the
burst. Measurements -of IVY debris by the New York Operations -
Office (8) indicate that for this series of tests the exponent in
the Wgy-Wigner law is closer to -1.lL, however, the error so intro-. S
duced would make the reported activity no more than 20% too low,
which is not sign:.ficant in comparison w:.th other uncerta:.nta.es in
the data. :

1.4.6 Burst Assignment-

Many J.nconsistencies remain in the data because .
their origin ‘cannot be traced or the erroneous item cannot be dis-
carded on the basis of available evidence. For example, there are -
mmerous cases of more than two gumed papers from one station on .
a given day where it was not possible to heve made more than two - o

-8 -
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2i-bour samples per day. Similarly, isolated collections of
activity appear in areas distant from those affected by airborne
debris. Such errors indicate the caution which should be

exercised in examiming individusl values. The emphasis, rather,
should be on the brosder aspects where the presence of corroborating

dnformation lends credence to the individual samples.

'1.5 REPRESENTATIVENFSS OF‘ THE GW\'IED PAPER AS A MEASURE OF GROUND -

DEPOSITION

1.5 1. Dry Fallowt

' .. .It is likely that the gunmed peper collects more
actirity thar remains on the ground in periocds of &y weather when

~ the wind cen pick up debris which has already fallen out. Tiis is
_especially true in dusty locationms. .

1.5.2 'Ra:l.nont

- The erfect of rain rxmning or splattering off the
gumed paper and carrying with it some debris and soluble radio-
active material, must be important, but no information is available
on this subject. It is believed that more debris will be lost in

the heagvy tropical showers than :Ln nghter steacw rains of the
temperate 1atitudes.

© 1.5.3 Effect of the Particulate Nature of Debris

If activity is concentrated on a relatively smal?

| mmber of large particles, it is possible that the small area -

sampled by the gummed paper mgy not be a statistically signifi-

cant sample. The duplicate papers, exposed within six feet of one
amother freguently showed large differences, which are discussed

in Section 6.2. .

1. 5 L ‘Other Factors

The effect of elevation of gumed papers some three
feet above the ground is unknown, as are the effects of tempera- .
ture, dust, humidity and water on the adhesive properties of the
gumed papers. These factors may be aigni.ficant but cannot be
evgluated here. ‘ _
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CHAPTER 2

. MECHANTSM OF TRANSFORT

The da“' ation of & puciear device relegses a tremendous
quantity of heat which serves to vaporize the bomb casing and

' other nearby material and to heat the surrounding air to very

high temperatures. The bouyant forces of the heated gas causes
the cloud to rise, sucking up quantities of dust and debris.

The ascendin‘, cloud cools by radistion, entrainment of ocutside

glr and adigbatic expansion until it reaches equilibrium with its

- enviromment, at which time it is sald to bs stabilized. In the

continental tests, a short period of hovering .at the level of
detonation is usually observed, but it is likely that the explo=-

. sion itself produced an upward impulse, at least for the MIKE

shot, since the initial rate of rise to about 90,000 feet was

C repor'bed to spproach the -speed of sound.

Both the MIKE and KING clouds developed the stem and mush-
room 80 charscteristic of the atomlic explosion, but in the case
of MIKE, the dimensions were very much larger than any previous
burst. Since the bursts both occurred close to the ground the
amount of debris cerried upward was very large.

" In previous reports of fallout from the continental tests,
a relatively corplete discussion of the factors goverming the
transport and deposition has been given. Briefly, the movement

of the cloud is the result of the horizontal winds, the spread
‘of the cloud the result of vertical and horizontal diffusion aided
" by wind shear, and the downward transport the result of scavenging

by precipitation, vertical diffusion and gravitational settling.
Gravitational settling is undoubtedly an important factor within

the first several hours after the burst when the very large particles

fall out, but afterwards it is likely that the main descent of the

debris outside of rain areas is produced by vertical diffusion

rather than gravitational settling.
A comparison of certain phasss of transport and deposition

‘of the IVY clouds with those of domestic tests may be informative

in the light of the different locale and the fact that the IVY
clouds- punetrated into the stratospheres.

comﬂdenng first the locale, two essential characteristics
differentiate the tropics from the mid-latitudes. First the trade

winds will almost always carry material westward. The upper level -

- 10 -
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'tropical winds from 20,000 feel or 30,000 feet up to the tropopause

at 55,000 feet are highly variable, but over a period of several

. dgrs carry material to the east or west, but at a different speed

than the undsriying laver. The result is large shear between these

lgyers - an important effect because it causes great horizontal

streiching which in turn exposes large areas to the diffusive action
of atmospheric turbulsnce. The rate of dilution by diffusion,

_therefore, proceeds much faster than would be the case with no
Streiching. An elongation of the clouds originating from the
continental tests also occurs since there is a change of wind

speed with elevation but the effect is not as dramatic as in thé
Facific, In some of the earlier Pacific tests there was evidence

- that the cloud extended from North America to Asia wit"u.n a few

da,/s after the burst.

Second, the tropical precipitation is in the form of showers
instead of large areas of continuous rain more typical of the

United States. It would be very instructive to determine tae
. effect of the shower;,r type of rainfall on the o'ummnd paoe* collec-

t_ons .

he h»:.ght of atomic deb*':.s alffects *he resuliing deposition

" pattern. - Tests at the Nevada Proving Grounds rarely penetrate

aporeciably into the siratosphere whereas both the MIXE and KING
tests .did and the mushroom from MIKE is believed to have been

‘entirely within the stratosphere. It is belisved by most meteoro-

logists that vertical diffusion in the stratesphere is appreciably
slower than in the troposphere although no quantitative dava is
avallable. If that is true and if the important vertical t*ans-

"port is the consequence of vertical diffusion, then the vertical

transport within the stratosphere would be considerably slower
than the transport through the troposphere. The consequence of
the great height of the IVY clouds, therefore, might be to deposit
their debris later than previous atomic clouds and thus produce
more uniform fallout,; since there is more time for horizontal
diffusion to operats. .
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3.1 INTRODUCTION
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CHAPTER 3 °

THE MIKE TEST

Te

-The -mst powerful man-made explosion known to have taken 'place

‘'was detonated at 1915 GCT, 31 October 1952. The entire gtoll on
- vihich the experiment was conducted disappeared and is part of the

debris. The stem was many miles wide while the mushroom was
reported to be 60 miles in diamster at stabilization.

: -Despite elaborate efforts to ascertain the cloud height,

there is still considerable doubt in some circles concerming the
maximum elevation reached by the bulk of the cloud. The report
issued by Dr. Palmer, a noted meteorologist who observed the test
from a ship thirty miles south of the ground zero, stated that the
maximumm height of the bulk of the debris was only a few thousand
feet gbove ths tropopause. Theodolite measuremsnts from that same
ship and from adjacent naval vessels indicate much higher elevations.
It appears, however, that the most reliable estimates of the cloud

. height resulted from sextant observations taken from aircraft,

which placed the base of the huge mushroom between 70,000 and

80,000 feet and the top between 120,000 and 130,000 feet.

3.2 UPPER WINDS AT TIME OF MIXE

Figure 3.1 shows the upper wind observations made at Emwe‘wk
before and after the MIKE test, along with the estimated winds at -
burst time derived from meteorological analysis. The trade winds
extended to about 25,000 feet at detanation, but were from the
eastsoutheast instead of the normal eastnortheast, due to a meteoro-
logical disturbance in the Marshall Island area. In the upper
troposphere winds were from the south while at the base of the

- stratosphere {about 56,000 feet) the direction was again easterly

with increased speed. The speeds diminish with increasing eleva-
tion in the stratosphere with evidence suggesting the winds at the
top of the mushroqm were from a westerly quadrant. :

N

3. 3 msmszou OF THE MIKE CIOW

: ' The motion of MIKE atomic cloud has been reconsoructed on the
basis of a1l available radiological data and msteoroclogical analyses.

-12 -




Y TN

joor

ALTITUDE ABOVE SEA LEVEL, FEET

120900

110,000
100,000
90, 000

80,000

+ 70,000

60,000

80,000

40,000

30,000

20,000

10,000

SURFACE

13 3) 1 51

ZJ/J.(.K(K

CALM

caLm

L 03006CT 3 0OCT

o

® o © Tropopouses S © ©

ree

Voriobis ~ lass than & Uiy
P IRy
+ ¥

‘WIND _SYMBOL
N wind .

"4 }25 kts

s fromNE

Full borb s 10 kis
Hoit derd s S kis

+

Y JJJ -j'-‘.E .+-

-

OBSERVED
-1300 GCT 31 OCT 1852

ESTIMATED
1915 GCT 31 OCT 1952

OBSERVED
0300 GCT 2NOV 1932

PaT TN

Figure 3.1

Winds oloft — MIKE burst

;13.




B b ol o

i st ated

PPV

It is worth repeating here that the uncertainty in meteorological
trajectories increases with height. The discussion of clowd _
motion is conveniently treated under three headings; the trade

wind portion (surface to about 30,000 feet), the upper tropospheric

portion (30,000 feet to about ss,ooo) and the stratospheric
portion (55,000 feet to 130,000 feet). Figures 3.2, 3.3 and 3.4

- gre schematic pictures of the ocutlines of MIXE dsbris which was

initially located in each particuiar igyer and remained in that
layer., It should be noted that the sreas shown do not include the
material which was transported vertically from layer to lgyer. -
For example, by 10 November the trade wind layer was contaminated
by fallout gnd diffusion from above so that almost the entire

- Pacific area probably contained debris in the lower levels rather
-than just the northeastem part A

" 3.3.1 Trade Wind Portion
The lowsst 25,000 feet of the cléud shown in Figure

. 3.1 moved westward for three dgys then split into two segments, one
proceeding northward around ths west limb of the Pacific high

presswre cell (clockwise circulation) and the other continuasd across -
the Philippine Islands and into southeast Asia. Because of more
numerous meteorological data, we can be more certain of the

- trajectory that curved northward and are sble to trace this portioem

across the Pacific and onto the Um.ted States west coast on 10
November. .

 3.3.2 Upper Tropospheric Portion

Figure 3.3 shows the motion of this lagyer of the
cloud, initially northward and then gradually twrning clockwise
aromnd the anticyclonic circulation just east of Eniwetok (See Fig.
1.1). After the third day, different levels within this layer
commenced to diverge appreciable, the stratum nsar 30,000 feet
curved toward the northeast to carry debris over the Hawaziian
Islands (first detected there on 5 November) while the upper
stratun (45,000 to 50,000 feet) curved south and then vestward

‘near the equator.

No detalled estimates of the cloud movement beyond
those shown in Figure 3.3 have been made becanse there are no
upper air reports in the broad area of the Pacific between Central
America and the Hawgiian Islands or sglong the equator west of the
Marshall Islands. There is meteorological evidence to suggest the
cloud curved toward the southeast after passing Hawali. OSuch a

A,
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Figure 3.3 Schematic outlines: dail
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path would account for the failure of debris to enter the United -
States on 9 November as might be expected from an extrapolation
of the previous movement. It is not possible to estimate the
path of this cloud toward the United States, but undoubtedly part
of the material from this section of the cloud moved eastward

-while gt the same time other parts descended into the trade winds

and moved back toward the west, depositing radioactivity from

Dy

L & LY . e -
Hawadd to 234: %or many deys &.ue. tae test.

3.3.3 'Stratospheric Portion
The evidence provided by winds above the tropopause

- indicates that this part of the atomic cloud moved initially very

slowly, and as shown in Figure 3.lL, some layers eastward, but
most of the cloud toward the west. Ths few wind observations at

" these elevations suggests a zonal extension of ths cloud with only

small north-south excursions. Beyond this, 1little more concerning .

the history of the mushroom cloud can be added by the meteorologist.

It 4is tempting to attribnte the activity deposited

"at many stations far from the Marshall Islands a few dzys after the
"explogion to transport of debris indtially in the stratosphere,

since there is no positive proof that the stratospheric (and most
hMghly radiocactive) part of the cloud could not have moved in mn-
expected paths and at very high speeds. Such explanations have
been avoided because they require unreasonable or impossible winds.
Further, most of these cases of gpparent arrival of fallout which

-one might ascribe to the stratospheric cloud are isolated in time

and space. This is contrary to that which might be expected from
f£allout of debris initially in the stratosphere. The present
anzlysis has led to the conclusion that there is no credited report
of fission products collected in this operation which positively

requires transport of debris initially in the mushroom. The debris-

in the mushroom spread both to the east and to the west so if there

. were any distant fallout, it would have been masked by fallout from

lower levels. :

3.3 Aress of MIXE Fallout

. ‘Combination of the radiological with the meteorologi-
cal data provides an adequate basis for estimating sreas of the
earthts surface that received radioactive material. Figure 3.5
shows these estimates for the first week following the MIXE test
and includes areas believed to have received fallout and reinout
from g11 levels of the cloud., That is, experience with fallout in
cornection with continental tests has been used as the basis for

- 18 -
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estimating the total effect of da.fi‘u:.ion, rglnout gnd deposition

~of debris from ‘the various levels.

While the radiological data form a basis for the
analyaia, not all of the observations necessarily fit intc the
pdcture shown. For example, it was felt that Guam ghould have
received fallout & day earlier than reported amd the area of
fallout is drawn according to meteorological exvectations.
Sirdlarly, it was believed Hilo, Hawali and Johnston Islands

AN

~ should have received activity a day earlier than was recorded.
On the other hand, the areas do not include Iong Kong, Formoea,
‘the Aleutian Islands, or Japan, all of which reported small

amounts of fission products. These probably represent minor
offshoots from the main cloud. It is evident, therefore, that
the areas are not intended to delineate all of the detall but

rather to present the broader aspects of fallout and rainout.

The area of Figure 3.5 that extends west of Emiwetok

is primarily the result of deposition from the trade wind portion

of the atomic cloud while the areas east of the test site is
contaminated by fallout from the upper tropospheric cloud which

" was transported downward through the trade winds after first
- moving eastward at higher levels. _
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CHAPTER L - -

THE KING TEST

L1  INTRODUCTION

The KING nuclear device was detonated at 2330 GCT, 15 Novem-
ber 1952,

The top of the cloud was estimated to be 75,000 feet
with the base of the mushroom at afproximately hO OOO feet

k.2 UPPER WINDS AT TIME OF KING

Figure L.l shows the observed winds at Eniwetok before and
after the detonation of KING and the estimated winds at the time
of the test., The trade winds extended to just under 30,000 feet
with westerly winds in the upper troposphere. 4t about 50,000
feet, a second reversal occurred sc that in the lower stratosphere
the directions agzin were from the east. A third reversal occurs

" between 70,000 and 75,000 feet and it is likely that the bulk of

the KING mushroom, or perhaps all of it, lay below the west winds
based at about 75,000 fest.

L.3 nxsmamn OF THE KING CIOUD

Figures L. 2 L.3, and L.L show the successive positions of
the various parts of the KING cloud for the first severel days
after the explosion. As with the MIKE cloud, the outlines have
been prepared for three layers designated as the trade wind portion
(surface to about 30,000 feet), upper tropospheric portion (30,000
feet to 55,000 feet) and the stra‘bospherlc portion (55,000 feet to
75,000 feet) ,

\' ‘;-‘
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Figure 4.2 Schematic outlines, ddiiy at I500GCT, irdde wind pbrtioh of the KING cloud




_ _.
u. 0 ONIM 2y} *o_ c_o_toa Smﬁm_oao: Jaddn ¢} 99 00G) o Apop ‘saulino oyowaYds ¢ aunbiy

-24-




PNoI> ONIX @i JO uotod B1aydsoloals 199 00G] 10 Ajop ‘Sauilino JHoWBYdS H'p

~ 94nby4

-25-




J——

L.3.1 Irade Wind Portion

~ The path of the trade wind portion of the KING
cloud (Figure 4.2) is similar to that of the MIKE cloud, moving

westward and splitting east of the PHilippine Islands with one .

part continuing westward and the other moving around the west

imb of the Pacific anticyclonic cell. The main difference

between tha 4o IVI cleuds 4o this lgyer lies in the more
southerly track of the KING material which is located, on the
avergge, almost five -degz-ees fu'ther south than the MIKE cloud. -

h.3;2 Unger "%onosgheric Portion ‘ , o -
' Ts portion of the cloud, as seen ) in Figu.re k.3,

is carried both toward the east and west the upper and lower

layers diverging more quickly than did the corresponding parts of
the MIKE cloud. The layer between 30,000 feet and 40,000 feet,
approximately, quickly curved toward the west into an grea where
the east winds extended from the surface up to about 40,000 feet.
The upper part (40,000 to 55,000 feet) of the high tropospheric

. cloud moved eas*bward, passing the longitude of the Hgwaiian

Islands within four days after burst time, which was two days

less than the time required by the MIXE cloud. The first fallout .
on the Hawalian Islands, however, was detected five to six days

after each burst (in rain), gpparently because the KING cloud

initially reached the longitude of the Islands a little further

south than did the MIICE cloud.

'h.3.3 Stratospheric Portion '

The highest portions of the cloud (Figure L.l) were
carried westward at 20 to LO knots, curving northward, after four
days, near the Asiatic mainland. The portion of the KING cloud,
if any, wiich may have reached above the base of the westerlies:
at 75,000 feet at burst time would have a path quite different
than that shown. Instead of moving westward, it would have drifted

slowly southeastward during four days following the KING burst.

L. 3 L . Areas of KING Fsllout

-

The estimated greas in which there was debris

" deposited during the first six days following the KING shot are

shown in Figure L.5. The msthod of preparation and the meaning ‘
of the lines in this figure are similar to those of Figure 3.5 :
ror the MIKE .shot. A '

-_26_.
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The arrivel of KING debris at each station is not

- as clear-cut as it was for the MIKE test since residual radio-

activity from the first test was present over the entire northern
Pacific Ocean at the time of first arrival of KING material.

Fregh debris is usually indicated quite clearly, howevar, by an
abrupt rise in activity from one dazy to the next. Such indications
are consistent with the analysis shown, with two exceptions.
Jomston Igland, according to the broad meteorclogical features
was ggain 8everal days lete in showing the first arrival of radio-

- activity., Yap showed an abrupt rise the day following the KING

burst, but it is not included in the area outlined for 16 November.

‘The reasons for not including Yap in the fallout area estimated
- up to 1830 GCT, 16 November are based on both radioclogical and

meteorclogical dats. Material from KING would have had to move

- faster than 35 knots in order to arrive before 1830 GCT, 16 November -

a speed significantly higher than any observed in the area.. Further-
more, if the debris was present late on the 16th, it would have
contributed significant activity to the follou:i.ng -day's saxple, yet
the paper exposed 17 to 18 November showed 2 sharp decrease to a

- level consistent with residusl radiosctivity from MIKE. The argument

based on radiological considerations concerns the magnitude of the
activity. The distance of Iap from the test site gs well as its

-latitude would not lead one to¢ expect it to receive more radio-

activity than stations closer to Eniwetok. If the basic data were
entirely correct, however, application of the growth factor
appropriate to KING debris, would result in a figwre of about

- 200,000 d/m which would be the highest value observed in the

entire network for the KING burst'

' The fallout appearing to the west of Eniwetok is
essentially from the trade wind portion of the cloud and from the
lower portion of the material initially in the upper troposphere.
The areas of fallout eest of Eniwetok are derived from the remainder
of the upper tropospheric portion of the KING cloud. The areas

- covered by the KING fallout differ slightly from the areas associated
. with the MIKE test. The second test spread debris further south

into the equatorial regions and slightly closer to Japan. The
fallout from the segments of the cloud which were carried eastward
arrived sooner after the KING test and probzbly extended a little
further south. It should be noted that the estimated outlines do
not indicate the magnitude of the activity inside the greas.
Evidence suggests that while the total ares of fallout from the
KING shot may have exceesded that from the MIKE shot for the first
few dgys, the total redicactivity deposited on the surface was
greater for the MIKE detonation.

- 28 -
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CHAPTER ‘5

FALLIOUT IN SPECIFIC AREAS

5.1 . INTRODUCTION

The ob;)ective of this section is to investignte the mateoro-
logical and radiological conditions which resulted in large
surface deposition of radioactive debris in specific areas and
attempt to estimate the maximum fgllout to be expected from future
Pacific tests of yields similar.to IVI but under different weather
conditions. The results of the fzllout monitoring program for
Operation IVI are contained in Appendix 4 and a sumary of perti-

nent items of this data are tabulated in Appendix B,

5.2 WESTERH NORTH PA"IFIC OCEAN

'The kighest individual gummed paper activity of the entire
network was 3,600,000 d/m reported at Iwo Jimag five to six days
after the MIKE test and was collected during no precipitation.
The highest activity from KING, 150,000 d/m was collected at Truk .
in rain, two to three days a.f‘ter detonation.

In general, the area west of the Marshgll Islands reported
the highest activity after each tesi, an order of magnitude or more
greater than other areas. For the most part, these high values
were obtained from portions of the atomic cloud which were in the

" trade winds at the time of stabilization. It is not believed that

the trade wind layer of the cloud contained more radiocactivity
than did any other portion of the cloud, on. the contrary, if past
experience is any criterion, the mushroom contained much more .
radioectivity. Debris from the high troposphere and the strato-
sphere, however, is collected only after it has settled or
diffused downward tlrough relatively large vertical distances and
consequently is widely dispersed. <‘he normal precipitation of

the tropics falls from clouds embedded entirely in the trade winds
layer so that scavenging of the upper tropospheric debris is not

common. On the other hand, there were no stations at low latitudes:
.east of the test site, consequently there was no positive evidence
- that the fallout from the upper tropospheric segment of the cloud

which moved eastward, contributed only low radioactivity at the
surface. _

Trade ‘winds being a dependable feature of the tropical circu-
lation will always cause a westward drift of the lowar layers of an

-2 -
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atomic cloud. Disturpances in the trade winds modify the pre-
valling eastnortheast flow for periods of,a few days but the
effect is to enlarge the trade wind cloud rather than alter
the general westward drift. It is possible, however, to reduce
the probability of contamination in some areas affected by the

_IVI debrls by scheduling future tests in different months.

Figure 5.1, 5.2, and 5.3 show the monthly average trade
wind flow at the surface as of the rlrst of January, March, May,
J‘J.l}’, Ssp..a".be., asd Yovarber, Ths shadsd porsions wack ithe areas
of mixing between the trade winds of northern and southern
herd spheres - areas of increased precipitation and generally
disturbed weather. Disturbed weather does not affect the entire
shaded area simultaneously, for the storminess is, generally,
confined to narrow and intermittent bands (often two east-west
bands roughly parallel) perhaps only 100 miles wide. The areas
indicated on the figures include the normal north-south range
of this intermittent band of storminess and seasonal variation
of rainfall is the result of the seasona.. movemsnt of this dis-
turbed weather zone.

‘These figures present climatology that nmight be useful for

: gei\eral planning. For example, the probability of rainout
‘hézard is maximized in the shaded aress. The second map of

Figure 5.3 corresponds to the time of Operation IVY and illustrates
the prevailing flow from Eniwstok to southern Asia. This was
corroborated by the radiological data. The second map of Figure
5.2 on the other hand, illustrates the fact that the fallout and
rainout at Guam, the Phllippine Islands and southeastern A-d.a
wou_d be m.nim:.zed in late sumner,

: In add:.t:.on to fallout from the tra.de wind layer, the total
activity could be greatly increased by superimposing material from

‘the upper troposphere. Such superposition might be caused by a

cuwrrent of "deep easterlies". Occasionally, the winds at Eniwetok

‘blow from the east throughout the troposphere - from the surface

to 55,000 feet. Bomb debris that stabilized in the troposphere in
such & situation would move toward the west with little stretching

.80 that the amount of radiocactivity evallable for fallout and

ralnout would be relatively large. Showers are more frequent over
islands so it would be possible for a long column of this

- concentrated debris to move over an island such gs Guam and be

scavenged by rain. The meteorological conditions necessary for the

Verta.cal shear in disturbances is more pronounced than in the
undisturbed trades, producing s greater than normal cross-stream
stretching of the atomic cloud.

-30-
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initial conditions as well as the maintenance of ™deep easterlies"
from the Marshall Islands to Guam would probably occur no more

- than & few times a year, however, so the probability of any ons

test belng so affected is small. ' -

 5.2.1 Air Filter Observations in the Western Pacifié

‘The highest air filter activity for the IVI opera-

-t[ons was cnll-r'tnd at qu4a1.j_n fann +a Floa: .a-..: 2fbem wTve

(700 d/n/n’) end at Truk two to three days after KING (100 d/m/m’).

'No data was obtained at Kwajalein following KING, however, so it
'is poszible that the highest air concentration wonld have again

been reported there.
Much higher gir filter samples. were reported from

~ the continental tests, but these invariably were observed within -

L8 hours of the burst. Furthermore, the denser network within the

. United States increases the chances of sampling within the peak
.concentration. The Pacific network of air filters was not located

along the core of the low-level clowd of either MIKE or KING. The

-~ sgmples obtained at Kwajalein were not from trade wind material,
. but from debris that had initially moved in the high troposphere.
In general, the air filter samples of the western Pacific did not
- fit the pattern suggested by either the gummed paper network or
. the meteorology. The correlation between the two types of collec-

tions appears to be very low. If air concentrations are considered
to be important, then steps should be taken to augment the air

filter network for futwre Pacific tests and to determ.ne the effects
of rain on the air concentr at:.cm. . ,

5.3 HAWATTAN ISLANDS -

' The Hawaiian Islands, lying about 2400 nauticsl miles from
Eniwetok, are the nearest concentration of population, industry

‘and agriculture east of the Pacific Proving Ground. The Hawalian

Islands are a few hundred miles further from the Pacific test

gite than are the cities of northeastern United States from the
Nevada Proving Ground. Were it not for the prevailing circulation,
the Hawaiian Islands might receive radioactive contgmination in
their copious rains that would create health hazards. The trade
winds are a predominant feature of the atmospheric circulation in
the vicinity of the Islands as well as near the test site so that
debris which is gradually brought to earth must be carried toward the
Hawaiian Islands from the east. The typical fallout, therefore,

is derived from the fraction of the upper tropospheric cloud wihich .
diffuses or falls into the lower layers, east of the Islands. The
core of the upper tropospheric clouds from MIKE and KING, as well as
from most other atomic clouds detonated in the Marahall Islands, _

-3l -
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passed well to the south of the ‘Hawaiian Islands. Tiis characteris-
tic tragjectory, it is believed, is a further cause of the low

level of activity deposited on the Hawaiian Islands.

The first material from MIKE detected in the Hawaiian -
Islands was collected five to six days after burst and was evident
on both gumed paper mgir filter samples. The maximum air
filter activity (1l d/m/m’) was collected seven to eight days
after MIKE, the maximum gumned paper activity (6500 d/m) was
coliected eleven o twelve days after burst. Debris continued
to fall but with diminished intensity until the arrival of the

KING cloud on 20 to 21 November, again five to six days after

burst. Activity on the first gummed paper sample was about the -
same as the maximum (slightly over 5000 d/m) that occurred three
days later while the maximum air filter sample (10 d/m/m°) was
not collected until the tenth to eleventh dzy after KING. -

The h;gnest air concentration of 1L d/m/m is small compared

to the 570 .d/m/m> found at Cincinnati, Ohio, two days after a

Buster-Jangle test, but it should be noted that no value as high
as 1L d/m/m> was ever observed in the United States as long as
seven days following an atomic test.

5.3.1 Potential Maximum in the Hawaiian Islands

' It is easy to find weather patterns which would result
in passage of an atomic cloud over the Hawaiian Islands socner
after burst than did the MIKZ or KING clouds; the GREZENHDUSE DOG |
and the SANDSTONZ YOKE were samples of such rapid movement. It is
also possible for the clouds to pass more directly over the Islands
than did the IVY clouds. It is difficult, however, to assign an
upper bound to the activity which might be deposited because there
is no data which can be used as a bas:.s of reference.

The situation potentially most dangerous is one 1n
wh:.ch shower clouds build up to great heights and penetrate the

- upper tropospheric westerlies at the time a fast-moving cloud of

debris passes overnead. Conditions favorable to this situation
are present in both winter and summer, although the summer frequency
is low. .

During the months of November through March systems
of disturbed weather with tall shower clouds, pass the Islands on
the average of azbout twice a month - these are the "Xona Storms"
that bring one to three days of rain. They represent a situation
potentially dangerous from the radiological point of view because
they combine clouds of great vertical extent with very fast winds
in the upper troposphere. ,
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the valnes were 1 d/m/ ;
.alr filter data and because so little correlation between gumed

During the warmer half of the year, precipitating
clouds build up into the high troposphere only infreguently. The
Eong storm is a rare phenomenon in the warmer seasons and shower
clouds would reach into the high troposphere on the average of

© 1little more than once a month during the months April th.rough
: October ' - .

"A rough estimate of the maximum radioactivity that

. would be scavenged under -the optimal conditions might be made by

use of the large rainout gt Albany and Troy, N. Y., on 26 April

© 1953 during the UPSHDT-KNOTHOLE test series (L /> 52). It was

reported that Albany received about 15,000,000 d/m on & day during

- which a thunderstorm penetrated a fresh atomic cloud. Troy was

monltored and found to have received a dose of 0.1 roentgen :
integrated over thirteen weeks. If one merely scales up these
figures by the ratio of the yields, then the Hawpiien Islands
might receive a peak activity of the order of 10’ d/m or a thir-

" teen week integrated dose of 10 roentgens.

. In swmmary, it appears that uder typical weather
conditions, the Hawalian Islands would receive fallout snd rainout
of the same order as observed during IVI if the total amount of
rediogctivity initiglly in the high troposphere were similar to
that of MIKE and KING. It should be recognized, however, that
a potential hazard exists both from the standpoint of anamolous
weather patterns and from the fact that a different type test -
sgy an underwater burst - might stabilize greater quantities of

- debris in the high troposphere. Considerably more study would

be required to determine the probability of the maximum rainout
and the possibility of utilizing meteorological forecasts to
avoid this situation. , ,

S.b THE. UNITED STATES

. The highest radicactivity collected on gummed papers and
gir filters during Operation IVI were much lower than during tests
at the Nevada Froving Ground. The IVI clouds were not. particularly

fast-moving so it is not surprising that the great distance and
time involved overcompensated-the tremendous yield of MIKE. '

The peak #ir con mgn'l‘.rat:!.on recorded was 3 ci/m/xu3 and most of
or less. Because so few stations obtained

paper and air filters can be found no analysi.s of th:i.s data :Ls
attempted. . , .
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. There were xi.gniricant aregs of surface deposition in the
United States with activity greater than 500 d/m from 10 through
28 November 1952 and the fallout occurred in isclated patches up
to L December. .The maximm valus reported was from MIKE debris;
10,000 d/m at Boise, Idaho on 10 and 11 November, Ths second
highest value was 9,800 d¢/m at Ft. Worth, Texas, on 23 and 2L

- November, probably due to KING debris. It is believed that all

fallout in the 'United Sta.tes w to 22 Noverber was dus to MIKE
material and mosy o Wie deposiiicn aller lual daive was Gus W
KING. Greater deposition in rain, compared to deposition in no
rgn, is evident in the IVY dats, in agreement with data from
previous tests (see Section 6.2).

It is possible to trace four sepsrate patches of £allout

. passing over the United States from west to east, at speeds
slower than the winds aloft. The first entered northwastern

United States on 10 November moved ecross the northern tier of
states and southern Canada and left the east coast about 18
November, being found both in and out of precipitation. Apparently,
the origin of this materiasl was the portion of the cloud initiglly
in the trede winds that mowved northward aronnd the west limb of

the Pacific high cell (see Figare 3. 2)

: - A second patch entered Cal.fomia on 1L November with deposi-
tion occurring both in and out of rain., The history of this patch
is uncertain but probably represents part of the upper tropospheric

- MIKE cloud. which moved eastward over the Hawziian Islands

Figwre 3. 3).

The third patch entered northwestern United States and
southarn Canada on 19 November. This merged with the second patch
wihich was depositing material further south. The sctivity from

_this fragment of the MIKE cloud was generally below 1000 d/m.

On 22 November, the activity suddenly rose to 2900 d/m in
rein at Ft. Worth, Texas. The following dgy, also with rain, the
same station reported 10,000 d/m and during the following dgys
many staticns in the midwsst and east began reporting activity
in the thousands of d/m. It was not possible to carry trajectories
of the KING clond to the United States, but it is likely that
the abrupt increase in activity 22 to 23 November represents the
upper tropospheric cloud from KING wihich was shown over the
Hgwaiian Islands on 19 November (See Figure L.3) because reascnable
winds (about 50 knots) would have carried the debris from Ha:waii
to Ft._Worth on the twenty-second
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S.h.1 Potentisl Maximum in the USA |
The MIKE debris took about ten days to reach gummed

papers exposed in the United Stgtes and the KING material took

about six dazvs. In order to estimate the maximm gctivity that
could be deposited in the United States from future Pscific tests
of megaton yields, it is necessary to postulate the fastest possi=-
ble transport. A reviaw of mrevione Pagifis tectc indizszics that
the case of most rapid transport to the United States occurred
with GREENIDWSE DOG, detonated 7 April 1951. Rochester, N. . gnd

Washington, D. C. both reported approximately 1000 d/m in rain -

_ four to five days after burst (2).

Computation of high-level

. “Ytrajectories suggests that the core of the GREENHOUSE DOG bomb

passed well south of Washington, so it is possible that the
reximmm rainout was also south of Washington and perhaps an order

~of mggnitude greater than the activity reported.

o . , it is reasonsble
to assume that wnder similar meteorological conditions radicactive

"~ from rainout on the west coast would be higher than on the east

coast becguse decgy and dilution would have been operating over a
shorter period. The increase would probably be less than an order
of magrmitude, however, probably a factor of two or three.

o Swmarizing, it is estimated that the maximum possi-
ble rainout over the United Stateg from gaga’oon-yield tests in the
Pacific would lie in the range 10° to 10° d/m. This crude estimate
is based on the assumption that radicactivity from rainout, under
gimilar meteorological conditions, is directly proportional to the
bomb yield. The meteorologicsl conditions necessary for maxiznm
rainout are fast westerly winds in the upper troposphere and rainout
from high levels over the United States. These conditions would ,
be expected in winter and spring rather than dwring summer and fall.

©.5  SOUTHEAST AND EAST ASIA

' Southeastern and eastern Asia is the only area outside gﬂ :

the Western Pacific which received sctivity of the order of 104 d/m.
Furthermore, it is an area where even grester radicactivity might
be expected. The highest radioactivity collected at Clark Field,
P, I. from MIKE debris was about 200,000 d/m (with no rain) and
3,000 d/m after KING. _ , ,
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In view of the fact thau a portlon of the trade wind segment
of MIKE passed directly over the FPhilippines, it is likely that

‘some parts of those islands received rainout radioactivity at least

an order of magnitude greater than that reported. Bangkok collected
a peak value of 100,000 d/m from MIKE in no rain. Undoubtediy,

.some of southeastern Asia received larger amounts of radioactivity

in rain - at least an order of magnitude greater than did Bangkok.

"~ The highest value reported in Japan was 45,000 d/m from MIKE
and only a few hundred d/m from KING. This relatively low activity
was due to the fact that only the edge of the trade wind cloud
touched Japan. Only dwring the warmer months of the summer couid

- any significant portion of ‘the low-level cloud affect the Japanese
‘Islands because the cold monsoon from Siberias dominates the circu-
~ lation during the winter. In the swmmer half of the year, Jagan
. might receive levels of activity similar to that derosited on Iwo

Jira during MIKE (1¢° ‘d/m). During the winter, with strong winds
¢ff the continent, it is not likely that any low-level debris

- would reach Jap;n.

5.6 CENIRAL AERICA AND NCATHERN SOUTH AMERICK -

" The radiological stations in. Cental and South America
received practically nc fission products frem the HIKE burst; no
sample prior to 15 November conteined activity above a few:
hundred d/m. It was impossible to compute trzjectories from the
Hawaiian area to the Arnancas, but 'in the absence of ccntradictory

-evidence one can conclude that the upper tropospheric portion of

the MIKE cloud passed ncrth of Mexicc City the first time around
the world.

The high troposphéric portion of the KING cloud apparently

‘moved much further scuth: than dicd the IZKZ cloud and deposited

activity of about 800 d/m in Central America and 1800 d/m in
nerthern South America. Had the MIKE cloud moved 2long this more
southerly path, the fallout would uncoubtedly have been much

- greater.. .

. Trade winds are a feature of trorical Americz and as in the
Facific, the showers are commonly ccntezinec entirely witrin that
currernt. rad~the :IKE cloud followed the cath deseribed by the
KING debris, raincut from the trade wind showers easily couid have
amounted to 10,000 ¢/=. DJuranz periods of weak winds whan tlhimder-

~clouds bulld up to the tropopause, ’Et is reasonadle to expsct
C maximum activity of the order of 10”2 ¢ /vn, -
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5.7 SOUTHERN HEMISPHERE

. Despite the fact that the Marshall Islands are very near
the southern hemisphere (only 1l degrees morth of the equator),
the only reports of activity in excess of 300 d/m in the southern

 hemisphere came from stations essentially on the equator; namely
. Canton Island and Quito, Equador. The activity collected in the

3 3 . Ter W * o A - ] oy
southern hemisnhers igs probably Rizzed fouwzrd 1w valuss betauss
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the practical restrictions imposed on organizing a radiclogical

-network placed the gwuned papers in dry areas. Stations selected

on the basis of a hizh precipitation frequency would collect
sauples more representative of southern hemisphere maxima. The
IVY network, however, does provide acceptable evidence that the

. fallout in the southern hemisphere is relatively insignificant.

The interesting question of cross-equator flow is best considered
in two sections - the trade wind layer and the levels above the

: The northern hemisphere trade winds have a component toward
the south, the southern hemisphere trades a component toward the

‘north (see figures 5.1, 5.2, and 5.3) so that low-level debris

approaching the southern hemisphere from Eniwetok could not, on
the average, penetrate very far into the southern hemisphere.
Rising currents in the convergence zone might carry material aloft

-and spew it into the southern hemisphere a few degrees south

latitude above the trades, but as the debris returned to earth it
would enter the southeast trades and be carried northward. .In
addition to dilution associated with such a complex path, the
depletion by rainout would be large because the mixing zone betwsen
the trade winds is likewise the zone of great rainfall, It is,
therefore, dfficult to conceive of the trade wind portion of any
atomic cloud being a significant source of fallout in the southern

hemi sphere.

- —Radioactivity initially in the upper troposphere and the
stratosphere is transported zonally, that is, to the east or west
rather than north-south.. There are, to be sure, gppreciable
north and south components, but these are the consequences of
waves on a zonal cwrrent that rarely have an amplitude, insofar
as is known, greater than fifteen degrees of latitude, the trajectory
returning to its original latitude more frequently than not.

The intensity of the north-south motions, and thereby their effective-
ness in transporting debris poleward, increases with increasing
latitude because of the storminess of temperate latitudes. For

this reason, more debris is transported to Canada than to Australia,
despite the closer proximity of the latter to the test site. Hgh--
level data -and analyses for the tropics are meager, but there is

 ’; 40 -
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evidence* that on some occasions a large amount of debris initially -
in the upper levels, could be carried into the southern hemisphere.
This situation is not believed common, however.

- *As an example, .see figures 2 through 7 of High Tropospheric
Westerlies of the Eguatorizl West Pacific Ocean, by iubert, Jl. of
Met., Vol. &, No. 3, Juns 19L3. .
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SPECIAL STUDIES

-
—

6.1 VARIARTLITY OF STMILTANEOUS JITT05 DATERS

The current state of knowledge on collection-characteristics
of gummed paper leaves much to be desired. An important problem

~in connection with gummed paper samples concerns the representa-

tiveness of individual collections. Data for investigation of

 ons phase of this problem was obtained by exposing pairs and

tripleis of gummed papers simultaneously about six feet apart
durlng some of tne test operations.. _

Tne basic data, wnfortunately, are not amenable to standard

' gstatistical tools available 1q test the significance of differences

between simultaneous samples. Analysis of the problem indicates

“that we must make additional assumptions about the average radio=-
~activity per particle as well as the constancy of that average; or

abandon the attempt to obtain absolute results and be satisfied
with comparisons. Only the second -alternative appears justified

" at this time.

A straight-forward appfoach could be based on two assumptions;

a) fallout on papers exposed six feet apart is from a homogeneous ~
cloud of radioactive particles, i.e., no gradient of particles over
a distance of six feet, and b) collection efficiency of simultaneous
paper is identical. As a consequence of the assumptions one would
expect identical collections and the observed departures from equal
collections could be examined for szvnlflcance.

A serious dlfflculty arises, however, because the tests of signie-
ficance depends upon the number of particles collecved on each
paper, not on some quantity proporiional to that number. For
example, suppose the average radioactivity collected on two given
pairs is such that LO% of the total activity is on one paper. Were.
this activity caused by 10 particles per pair, a division as different-
from 5-5 as is L-6 has approximately a 0.5 probability of occurring
by chance. On the other hand, if the activity were due to an
average of 1000 particles per pair, an average division as different:
from 500-500 as is LOO-600 has a probability of less than 0.0l of
being equalled or exceeded purely by chance. _
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Data from IVI gumed paper duplicgte samples were compared to
a selection of pairs from UPSHOT-KNOTHDLE. Data for each operation
were also divided according to srea; that'is, duplicates for Narth
America were compared to duplicates outside of North America for

~ the IVY tests while the UPSHOT-KNOTHOLE data (which was available

for North America only) was divided according to location west or
east of the Mississippi River. Duplicate sauples were used in this

study only if each paper had at least 100 d/m on cownting day.

The quastion to be answered, "Is the natwre of the fallout
such that the differences bstween duplicate gummed papers varies
from one part of the world to another s OF from one test series to
anothsr?" . .

The difrerence between adjacent gmmed papgrs is described,
in this study, by a “variability charactenstic" and the differences

*The "variaghility characteristic® is simply the arithmetic mean of
the individual Chi-squared values ( ¥2 ) for each comparison group,
i.e., X% was computed for each pair of gummed papers and then
averaged with the other  ¥* of its part:.culr group, e.g., UPSHOT--

 KOTHILE, east of the Mississippi River.

. dz
'X2='-1+- where,M = mean of two simmltaneous
S M papers
dl' departure of first paper
‘of pair from M .

dzi departure of second”pa.pef
~  of pair from M

. (Tharefore, +d1 = -d, )

g ‘NQN

. thms,

— ., N | o

Ny z (Xz) HhereN-‘botalmzmbe of pairs in

. ¢ the "j-th® group

(X ) = value of Chi-aquare for the
" 1-th palr of the j-th group

The values of X2 are different from group to group and the signi-
ficance of their difference is exzuined by use of the standard
t—best for sigmhcanoe of difference of means.

-
N =
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between these “variability characteristiés” (computed for two test

-.series as well as for different geographical areas) are subjected to .

a standard statistical test. Table 6.1 shows the results of that
test in terms of probability. The probabilities shown reflect the
likelihood that the "variability characteristics” of gummed groups
were computed from a single homogeneous population, i.e., a small

* probability infers that the groups .were NOT drawn from a homogeneous A

popul_at::.on and are, therefore, different, while a probability in ‘
the vicinity of 0.5 infers that tne apparent differences could have
occurred by chance. ' ' :

TABLE 6,1 -

 Probability that "Variabiliiy Characteristic" for Compared
Groups Was Computed ;‘rom a Single Homogeneous Population

Duplicates Compared ‘ 'Probabilitx*
IVY - Uslted States vs. : .
‘remainder of world C : 0.30

UPSHDT-KNOTHOLE - East o
"of Fississippi River vs. : 0.55.
west of Mississippi River .

IVI - United States vs.

WPSHT-KNOTHLE, United States © 0.10
IVY - a1l data vs. - o
UPSHDT-KNOTIDLE, United States <0.01
.and Canada _

.Table 6.1 indicates that the tendency of adjacent'- gwmned '
papers to be different from one another depends upon the test .

"series rather than the area in which tney were exposcd. This con-

clusion ig interesting becauses it suggests possible causes. For
exgmrle, the relative levels or radiocactivity in the area compari-
sons of IVY data was quite different from the relative levels of
activity involved in the WFSHOT-KICTHOLE data yet the "variability
characteristic" remained unchanged from area to area. This suggests

- that the level of activity has a minor effect on this statistic.

On the other hand, one obvious difference between collections of

¥Probabilities are result of "t-test" for significance of difference

ir means (5, Table 12, p. 138).
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the IVI series and the collections of the UPSHOT-KNOTHDLE series
'le that the IVY samples were largely of material that stabilized

in the stem of the cloud while many of the samples of the domestic
test contained particles from the mushroom, therefore, the

different distribution of gctivity and particles with height may

be significant in the subsequent ground deposition. The complex

of unknown variables appears to make further speculat:.on unjustified
at this time, The prodomins=t facicrs nesy evenluaidy oa dstermined,
but must ‘awalt a complete analysis of the data.

6._2_ INCREASED RADIOACTIVE LEPOSITION IN RAIN

Early in the fallout monitoring program of the Atomic Energy

. Commission it became evident that surface deposition was enhanced
. by precipitation. This section surmarizes some results of stud.ies
. of radioactivity depo:uted in rgin.

A study was made for the Buster-Jangle tests (11) to determine
the increase of radicactivity collected on trays during periods of
rain compared to collections made during no rein. The results
indicated about a tenfold increase of activity in rain. No gummed
paper comparisons were made. A similar comparison was made with

- the gummed paper samples collected at a group of stations in the

United States east of the Mississippl River, during the Tumbler-

Snapper series (10). A 30-day period was chosen tc include days

when debris from one or more tests of the series was girborne over
the eastern part of the United States. 4n increase of & factor of

- '8.3 was found when the average activity of collections in rgin was

campared with actdvity in no rain (trace of rain was excluded). 4-
sgimilar study was made for the entire United States for the IVY

tests using a 15-day period when MIKE debris was airborne over the
United States (13 to 26 November 1952), and the average increase -

of activity in rain was by a factor of 3.L.

These results suggest that the debris from domestic tests

: msy- consist of large particles that are more efficiently scavenged

by rain, while only the smaller particles are sirborne by the time
the debris of the Pacific tests reached the United States - the
smaller increase in rain reflecting the smaller collection effi-
ciency for the small particles. If that were true, one would
expect ragin in the North Pgcific area to bring about an order of

. magnitude increase of surface deposition. Unfortunately, this

figure is not available because the averages are unduly biased by
a few very high. collections made within g few days following the

i IVY tests.
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Further evidence that precipitation has an important effect
on swface deposition is presented in Figure 6.1. These bar
graphs illustrate the frequency of low activity (low activity
defined here as less than 100 d/m on counting day) as a function

..of rginfall grounts during the TUMBLER-SNAPFER Operation and

during the IVY Operation. The same tendency is evident in all
three graphs glthough it is not as pronounced in the North Pacific.
4n important conclusion which can be drawn from the graphs is

that when atomic debris is present in the atmosphere, even after

- considergble dilution, rain usually brings about deposition on

the surface and the greater the rain the more likely is the
deposition. The small decrease of frequency with greater rain

. . .awounts in the Pacific is probably a reflecticn of the fact that

a great deal of material was airborne in the Pacific dm'ing Ivy

and the general level of dry fallout was large. _

6.3 CIMULATIVE FALLOUT

: The world-wide fallout mon.itoi*ing network estsblished for
Operation IVY mgkes it possible to estimate the totzl beta activity
deposited on the earth by the two tests. To this end all gummed

- paper activities were extrapolated to 1 January 1953. The sum of

these extrapolated activities at each station, which is a measure
of the cumilative fallout present on 1 January 1953, was used in
a numerical integration of fallout for the entire surfece of the
earth 4

Figure 6.2 shows the cumulative fallout at each station for
the entire period of record and an analysis of the distribution,
based on radiological and meteorological considerstions. Total
activity, in units of disintegrations per minute per square foot,
was computed separately for the North Pacific (shaded area) and
the balance of the world., 4 similar computation was made for the

" fallout assumed to be from the MIKE test only so that the analysis

provided totazls for MIKE and KING separately. Figure 6.2 shows
the total fallout for the entire period of record at each station
and the gmount contributed by the KING shot.

Adjustments and additions to the basic data were necessary
for this analysis. First, the collections assigned to KING on
the fallout maps (see Appendix A, Figures A.33 through 4.73) as
well as other samples of doubtful origin but thought to be due to
KING, were extrapolated to 1 January on the basis of 15 November
1952 burst date. Second, many station records were imcomplete

- @0 their totals had to be adjusted upward. Where the station

record inclwded radioactive samples before and after the missing
period, the missing activity was estimated by linear interpolation.
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ilhere the stztion record started too late to detect the first
arrival of material or ended too early tc collect debris when
debris was in the neighborhood, the station total is enclosed
in brackets. Dataz thought to be questionable on other grounds
is also bracketed and all such numbers are essentially ignored

in the final analysis. United States and Canadian data are

represented by two values plotted in Figure 6.2 in the western
and the eastern United States. These numbers represent the

" average total for the two groups of stations. Table 6.2 shows

the resuits of this analysis.

- L9 - ' R




™

sl pa

- 4n the spring of 1951 and the fall of 1952 and the Navy made a
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- 6.4 CLIMATOLOGY OF THE STRATOSPH:RL

"The special efforts expended in making extra meueorological

' . observations during the various Pacific atomic tests have produced

valuable and unusual data - especially at great elevations. A
brief resumd of this-information follows along with reference to
the analysis of that data. While it is dangerous. to assume that
meteorological data of one location can be considered representa-
tive of any other location, this section is based on the only
direct observations ever made in the equatorial stratosphere and
as such is the best climatological data avallable for planning
_purposes. For example, it may be of interest to have some know-
ledge of .the probable path of the middle stratospheric debris if
high level sampling is contemplated.

The data above 55,000 feet obtained during Operation SAND-
STONE and GREENHOUSE have been collected and analyzed by the growp
under Dr. C. E. Palmer., The results have not been published, but
preliminary results are the subgect of two reports (1) to the
sponsorlng agenqy. '

Dependable wind obssrvations were made in the Marshall. Islands

total of 19 observations at Palmyra during April and May 1951. 4

_scattering of data from other stations.is also available. The
sample is small and confined to short periods of time, but certain

50 -51-
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genera,. conclusions appear Justirled and are quoted here from the
reports just mentioned. ,

a. In spring, a band of very steady west winds lies on the
equator from about 60,000 feet to 85,000 feet. The northern limit
in the central Pacific is about 9°N, but there is no data to fix
the southern limit, The steadiness compares to the low-level

. trade winds.

b. Long-ﬁave-distmbanceé probably affect the equatorial

,ﬁeste’rl.‘i.es much in the manner of the waves in the high latitude

free gir westerlies.

e Above and below the stream of steady westerlies the winds
are gbout as Yariable as the winds of the igh troposphsre.

d. The general stratospheric pattern of winter westerlies

reversing to summer easterlies observed in the mid-latitudes appears

to extend down to gbout 10°N. with a narrow zome of transition to

the steady equatorial westerlies, at least up to the end of July.

. - If the tentative conclusions quoted- above are valid, one :
would expect a stratospheric cloud of debris to mova almost due east
in the colder half of the year. During the warmer half of the year

. the motion would still be zonal (more east or west than north or

south) but would have almost equal probab:.].ity of . moving toward the

- east or the west.

6.5 ESTIMATED FALIOUT ALONG CORE OF THE MIKZ TRADE WIND CLOUD

' The greatest radioactivity on a gummed paper reported during
Operation IVY was collected at Iwo Jima on 5 November 1952 during a
period of no precipitation. It gppears that the core of the MIKE
trade wind cloud passed near Iwo Jima during the period this paper
was exposed, thereby depositirng the maximum fallout likely without
rain, This fortuitous situation was used in connection with
pertinent meteorclogical theory to estimate the activity expected
to be collected along the core of this cloud, in the absence of
precipitation. : _

The estimates are based on the postulate that the activity .
megsured at Iwo Jima is absolutely correct and was actuelly col-
lected during a period of no precipitation. In addition, it is
assumed that the decrease of activity collected under the core of
the cloud (with increasing time) is essentially the effect of
twrbulent diffusion and radicactive decay. The form of the Fickian. -
diffusion law indicated that the peak concentration in a diffusing
cloud initially decreases at a rate inversely proportion to the 1.5
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power of time  and nxetéprologica.l arguments suggest this exponent
soon increases to 2.0 to 2.5 because the rate of eddy diffusion

_increases with time. The radicactive decay is assumed to be

proportional to the 1.2 power of tims. Table 6.3 is computed

. under the assumption that the over-all change is proportiona.l to

=3 5 and shows the radiocactivity expected to be collected under

. the core of the cloud, 3s a function of tims. It should be
_borne in mind that the activity would be significantly higher in

rain - uerha.os a factor of ten or even 100,
TABLE 6.}3

Eatimated Maz:!mm Dry Fallou* Expected to be Collected
Under MIKE Trade Wind Cloud

Collection Period naxixm'g Radioactivity 'Range Estimated to
Dgys After Burst Expected Ivithout Rain Include Approximately

~ Start - End d/m/£t2/day ~ 50% Likelihood gf Occur-
—_— . rence d/m/ft</day
1 2 b x 108 - 208 40 107
2 3 6x107  2x107 to 10°
3 L 2x107 . 10" tobx107
L 5 7x10°. °  sx1°x107
” S 6 L x 106" ' No range - an sbsolute
. ~ _ ~ valus by assumption.
1 12 3x10° ' 10% 0 10°

The last item of the tsble is shown for comparison with the

.greatest radioactivity measured when this portion of the cloud _
*  entered the United States, name 10" d/m collected 11 to 12 November

at Boise, Idaho.
It should be noted that the compztation has not been ex’oended

- to the first day after burst because it is probably invalldated by

the fallout of large particles.

6.'6 _ASSIS'I!ANCE T METEOROLOGY

In view of the paucity of weather data and the lack of an
adequate knowledge of tropical meteorology and twrbulent diffusion,
it might be expected that the use of atomic debris as a tracer would
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‘The increase in rain in the United States during the IV tests,

* by the time the IVY clouds arrived in the United States. Since there

shed congiderable light or those problems. Specifically, it seenms
that the analysis of dispersion of atomic debris could be used

_ a) to check atmospheric motion by a verification of computed tra-

Jectories, b) derive information relative to the collection » :
efficiency (scavenging) of natural precipitation and c) evaluate S
turbuwlent diffusion on both a small and large scale. Since the )

MIKE cloud penetrated so far into the stratosphere there seemed

€ Ahdadelon dada am dhg A2 083 o o tn
to 'be hope of ot taining 8t oo vhe &llusive exchange of umuuc.

between the stratosphere and troposphere.,

Anticipation ofrimportant meteorological gains from this
data, unfortunately, has been largely unfulfilled, because of the
appalling number of uncontrolled and unmeasurable variables. Cone

- sider first the check on winds by studying the accuracy of computed

trajectories. There were some cases in which the debris appeared

- to move more rapidly than estimated by computations based on wind

observations, both during Pacific and during continental tests.
Agide from errors introduced by uncertainties in the wind field,

‘inaccuracies will occur for iwo reasons. First, meteorologically

computed trajectories estimate the mean motion of the cloud,

- omitting any forward diffusion. - Second, and more 1mportant the o o

first raterial to arrive at a point is often the result of complicated,
unpredictable three-dimensional motion. The computed trajectories, -

in other words, do not always portray the most rapidly-moving segment .
¢f the cloud and the meteorolcgist faced with the accomplished fact

¢f unexpectedly fast transport can seldom deduce the three-dimensional

"path for there are oftern numerous equally-probable solutions. There

have also been cases studied where the computed trajectories over-
estimated the actual speed of debris, but this appears to be explained
by -the development of an undetected disturbance which moved the debris
in an unexpected direction. In summary, then, there have been many
cases of observed fallout which indicate that the computed trajectories -
were in error, but it has not yet been possible to improve the
meteorolog:l.cal techmques through this expern.ence.

~ The IVY data again demonstrated the fact that a greater quantity
of debris is deposited on days of rain than on days with no rain.

however, was not as great as was the increase noted dwring continental
tests. It is believed that the difference results from the fact that
only smaller and less readily scavenged particles remain airborme

is no data available to verify this hypothesis, however, it must be
regarded as only speculation.

‘There has been no attempt to empldy'the spread of debris as

observed at the surface of the earth to estimate the coefficients of - -
eddy diffusion. The reasons are several. Most important is the fact !

- - -
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that the presence or absence of debris at the ground has little
quantitative relation to the amount of radiocactive debris that
is airborne. This is due to the fact that the surface deposition .

.is largely a function of the precipitation and without precipitaticn

a cloud might pass overhead undetected. Furthermore, the spread

of debris is also a function of the wind shear and unless there is

rather detailed wind data, it is difficult to separate the growth
du. +n sh.gw a:\f: +\v:'a+ A "o +A S ff:.el::‘. Tiv o"vn-qﬁﬂ \:e cf g:.eat
interest to determine the rate of turbulent exchange between the
stratosphere and troposphere, but the effect of precipitation in

addition to the fact that the initial vertical distribution of debris

. is unknown precludes solution of the problem with the present data.

Cf equal interest would be the computation of the gross diffusion

- “between the northern and southern hemispheres, but adequate data is
‘not available, While it is possible to estimate the fraction of the

total debris in the southern hemisphere, this information is still
insufficient to determ.ne the coefficient of eddy diffusion across

the equator.

It must be concluded that at present, the meteorologlcax use
of radiocactive tracers from the palelc tests has not yet appreciably
improved the understandlns of weather processes.

Frsg




b o et atiaid

' CHAPTER 7 -

STMMARY AND RECOMMENDATIONS

7.1 SIMARY OF RAnTATooTOAT aaaTvers

‘The radiological cdata provided by Operation IVY reveals the
following information: :

a. The direction and speed of transport of the IVY
- atomlc clouds appears to be reasonably typical of
conditions during Novamber.

b. The greatest radiocactivity measured on a single
gummed paper from the monitoring network was 3.6 x
10° d/m at Iwo Jima five to.six days after the MIKE
burst. The highest depogition in the Hawaiian
Islands was about 6 x 10° d/m and the highest
depositicn in ths United States and Canada was

lx 10% d/m. While there have been higher values
of radiocactivity than 3.6 x 10~ d/m reported from
continental tests they have always occurred within
two days after the explosion.

" ¢. Thers appeers to be little correlation between
the fallout collected on gwmmed paper and the zir
concentration msasured by the air filterg. The

- latter measuremants do not lend themselves to a
satlafactory meteorological analymsis.

7.2 - SIMURY OF POTENTTAL MAXTMA FALLOUT ESTIMATES

Different but reasorable conditions may well bring about

| greater surface radiocactivity than was observed during this

operation. The following estimates of potential radiocactivity

. are based on possible matsorological conditicns and on the

assumption that the amount of radicactive dsbris available for
surface deposition is directly proportionmal to the yleld.

- 56 - - 7 "
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7.3

.of tha order of 10~

a. Fallout without precipitation near the core of the
trade wind portion of'ghe cloud after one day may be
of the order of 1 x 10° d/m and perhaps 1 x 107 in rain,

. The period of deposition in each case is 2l hours.

b, Under very special weather conditions in the
Hawaiian Islands, the rainout might be of the order
of 1 x10° d/m or a dose of 10 roentzens. integrated
over thirteen weeks. IThis is based on the maximm

~ rainout activity at Albany-Troy during Upshot-EKnothole

and & scaling factor (to L megatons).

‘c. Based on the rainoutzover-washington, D. C. and
~ Rochester, N. Y., during GREENHOUSE DOG test and the
" appropriate scaling factor it

is estimated the highest activity in rain expected
for the United Stages from a test the size of MIKE is
d/m. _

d. Radioactivity from fallout or rainout for almost

any populated area of the earth, outside of the North

‘Pacific, appears to be negllglble. Bastern and south-
‘eastern Asia appears to be the only area in which the

peak surface deposztlon for one day might be greater
than 10° d/m.

. SIMMARY OF METEGRCLOGICAL ANALYSIS

Meteorological data and analysis were employed to explain

the world-wide distribution of atomic debris. The limited success
of thls attempt leads to the following conclusions.

a. The radiological data, if correct, has indicated a
few cagses in which the meteorological estimates of
speed were too low, due partly to complicated three-
dimensional motion that cannot be deduced from the
available data.

b. It is not possible to use meieorology at présent :
adequately to track the atomic clouds from Pacific

'tests mors than a few days or at elevations above

about hO 000 feet.

c. There appears to be no way of dete*mining whether

any of the stratospheric debris has been transported
to the ground. Such data would yield important

information concerning the -exchange of matter between.
the stratosphere and the troposphere.

- 57 -
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d. No estimates of diffusion coefficients are yet
possible. The analysis has shown the approximate
fraction of material that was transported into the
southern hemisphere, but this data is not sufficient
to compute any exchange coefficients.

RECGMMENDATTONS

The difficulties encountered in the énalysis discussed in.

this report have pointed up shortcomings that existed in soms
agpects of Operation IVI. The recommendations listed below are
put forward in an effort to increase the usefulness of the monitor-

."-1ng program, and to enkance the phenomenology of the whole problem. -

a. A larger number of close-in gurmed paper stations

.than was used during IVY is pacessary to locate the

- peak valuss of fallout and rainout a faw days after

" the exnlosion. The use of ships should te explored

b. A series of special observatlons is sugvested for future
tests. The experiments should be conducted in the Pacific
area west of the test site to study the phenomenon of

rainout in troplcal showers.

¢. . The preliminary study of this report indicates ‘h t
the potential maximum rainout in the Hawaiian Islands is
significant. A more complete analysis should investigatas
the probability of this occurrence and the poss1bility of
forecastzng it. _

d. Greater effort should be .made %o determine the beight'-'
and dimensions of the atomic clouds from megaton weapons
so that the vertical extent be known.

8. A sampling of the stratosphere be a*tempted, possibly
by balloons, to determine the present stratospheric
content of debris, as well as the content after future

tests.

£. A system be devised which will minimize the number of
errors that appear in the final data. Perhaps a long
M"shake down" period previous to scheduled tests would .

" show up the most frequent type of error that occurs in

the field and enabls improvement of performance before :

- the tests begin.



x
(R |

PP

= — )

.
PORTPROIRYY

oy

RSP OV NP

e o e e At e < ek e

TR W

APPENDIX 4

RADTOLOGICAL DATA MAPS

A,1 EXPLANATION OF PLOTTED DATA

Figures A.1 through A.7L show the data from the world-wide
sampling nstwork, plotted in accordance with the key shown on
each map., Because of the greater density of reporting stations
in the United States, that data is shc-m on separate larger acale '
maps. : o

In addition to the data from the fixed station, the maps
also include the results of non-routine obgervations made at
selected locations for a few days following each burst. Such:

observations are indicated as "Special Data" on the northern

hemisphere maps. Ordinarily, these observations consist of a
series of shorter period collections rather than the. 2h~hour samples
taken by the routine natwork. Since the exact times of observation

‘are unavailable, these data are listed in an a.rb:x.trary order on

the a.ppropriate day.

A1)l activity has been extrapoclated to collect:z.on date on the
basis of the MIKE burst unless otharwise indicated. Where it was
clearly evident that debris from the KING burst was present at a
station on a given day, the activity for that day and all succeeding .

- days was extrapolated on the basis of the second burst and indicatod

'by RK‘H

On the United States maps, areas in which at least one gu'mmed

paper at & station had activity of 500 d/m or more are delinsated
by a solid line to show the movement of individual patches of debris

across the country.

The data has been closely inspected for inconsistencies.
Questionable data, which would be misleading if accepted as correct,
have bsen enclosed in parentheses. In scme cases, the data is
doubtful because they require unreasonable (and in some cases
impossible) wirnd speeds, others are questioned because they are
isolated in tims and space. . A certain number of guestionable data
ars not so indicated, however. For example, soms statlons show more
than two gummed paper samples on one map, but none on the day before
or after, no doubt the result of misdatinrg the data card in the
field. Obviously, a portion of the data is not correctly plotted,
but the inconsistency is obvious without being so marked. In addition,

"
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many values of the order of 100 d/m remain without parentheses

even though it was felt there was no significant cloud of debris
in the vicinity. These items have remasined unquestioned because
they are actually of low activity (say 20 to 50 d/m on counting

- day) and have not been used in the analysis. Lastly, no attempt

was made to evaluate the air filter data because the poor
correlation between gummed papers and air filters provides little
basis for judgement, therefore, no air filter data is questioned
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Figure A.1S Radiosctive failout in the 24-hour period begunaing 1830 G.C.T., 8 Nov. 1852
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-93- . .




12561 NON 91 1’0’0 0£81 Bujuuibeq poied INOY-pZ 84} UY INO|ID) BALIODOIPOY ZE'V 8ARB)4

0438 Uy #3RI8I0 20 LOUDLE 20 Kop Buoim 10) 8q 0f peAsy

q Y -’LG—! QuINN

‘0jop Bujssy-py

R N N

' "ONIM OF poINQLIND AANIY X iy
‘K0P WO11281103 U0 LI8i/UI/P GO MOjeQq AADD Jeyy) iy -8 s
“Rop Buliunod wohop 13/uw/p 02 voni 898y A11a20 sedvd pawnung e« T
JOO el ,
¢ ‘930dje) ‘W0 N Aop/ i wp © G Joiayp
NOILVAIIOINd — SHIAVD GINNNO NO ALIAILOVY 7 SHIL U IV NO ALIALLOV
v J

-93-

w-SLh
.- L1080

ATy




Wonane, Yowrans,
mnaor

o
oy
for weang Guy o S9SN or HArOES T YVer - ¢

D=dw Fiar achvity bowe Q.5 dém/meter' sn solieshen ooy

'g,"‘ .-

. Pigure A.33 Radioactive {allout in the 24-bour period beginning 1830 G.C.T., 17 Nov. 1852

-

-




20418 U1 8318 I0YI0 10 VOIID{S 10 ADp DuOIm 20) 84 Of PEASHEQ S888YIUSICD U) SIOQUINN
‘010p Bujssin-n

"ONIM 04 poInquD KiApoY =)

i ' "Kop u01128}]0D B0 L1BjBu/W/P SO MOIeQ KYIAN20 a4 1Y =@
/. "Aop BuyUNod UOKDp 4 1j/us/P O YOy 838 AA00 sedod pawwng » )
JOO e "

“+ *820ije) UM SN Kop/iisup

® cIneuyuyp
SHILNI UIV NO ALIALLOV

e

pk e

,,-'_,.95_.

o~

o




e St s

|

Al

B
L4 A

By

=
$o-1
. (58

(2}
[ J b

L) \\.
1
i
i
v |
o
[ # ;
; | ]
|
.I |
H |
! |
-" /
!
!
!
i
{
/
/
/
/
/
€ - . 3 . .
/ \. 5 / A0 \ \
Ry ] i Previutitpgy Pravacvy Soonan, Sotrams,
/ : /- T LeGummat paper cumity s than 20 4/m A oy n ssneng ovy.
/ / - ) | Deir firer suty besvw 05 din/meser’ e sonocten duy
< | . Kedatoity ortvipstes 1o KNG, .
\ " Mty sete.
.'-; *-mw-.hmq.’-—r”-"

Figure A.3% -Radicactive faliout in the 24-hour period beginning 1830 G.C.T., 18 Nov. 1953
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Figure A.81 Radicactive fallout in the 24~hour period begianing 1830 G.C.T., 1 Dec. 1852
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Figure A.65 Radiocactive fallout in the 24-hour period beginning 1830 G.C.T., 3 Dec. 1952 )
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APPENDIX B

DATA SUMMARY .

B.1  EXPLAMATION OF TABULATION

Table B.1l consists of a summary of data from all stations
that comprised the routine gummed paper network for Operatlon IVY,
under the follou:ng columm headings.

a. Station‘ Ident.flcatlon of station. Where samples
. were.collected at two locations in one city, both leca- -
tions are listed, e.g., airport and city offices of the
Weather Bureau. .

b. Period of daily record: Beginning and ending day of
daily samples are listed. Some stations exposed a few
papers at irreguwlar intervals after cessation of daily
operation; but those‘dates are not listed here.

c. No. of missing days: These are  the number of days
within the period of daily record on wiiich no radio-
logical data is available.

d. Fregggngx of precipitation 2: This percentage is
‘based on the number of days radiological reports were
received and represents the fraction of days on which
rain oocurred (including a trace of rain).

e. Date of first arrival: The date of arrival of
significant activity for this purpose is arbitrarily
defined as the first day on which at least 100 d/m
(extrapolated to collection day) was reported. Some
stations never reported this level of radiocactivity.
In those cases, the first arrival is defined as the ‘day
_ of marked increase of activity above background (See
footnote (1), Table B.l)

f. Maximum activitv, d/m-precip. date: The radiocactivity
extrapolated to collection day and the date of the highest
single gummed paper at each station and the reported
precipitation associated with that sample, "M" means
precipitation data is missing. In a few instances the
maximm was unreasonably early so the secondary maximem
was chosen as the actual maximum.
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g. Activity on last day of reco*‘d The activity (extra-

polated to collection dayTreDorted on the last day of
the period of daily record. "L" means that the radio-
activity was less than 20 d/m on counting day and no
extrapolation to collectlon was made. 4

"h. Remarks: Any unusual feature of the station record

is noted in this colum. In addition, debris that is

" thougnt to be from KIivd, but is not specifically assigned
"to the KING burst in Appendix A, is indicated.
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P PP

e b
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Mk diodait

" dtatlon

. United States

‘Albuquerque

“H. M. .

Atlanta,
Ga.

" . Binghamton,

L. Y.

-Boise,
Iaaho

Buffalo,
. Y.

" Chattanooga, .

Tenn.

Chicago,
111,

Cleveland,
Oaio

Dallas,
Tex.

Des Moines,

. Iowa

Detroit,

. Mich.

Fort Vorth,
Tex.

Grand Junction,
Colo.

Great Falls,
Mont. .

Houston,

Tex. .
Jacksonville,
Fla.

Kansas City,
Mo,

/ .
No. of missing

Pgrlod‘of
dni;y,rccord

Suﬁnaryrof Gaily gumaed pﬁper observations

Ky

\n

-3

-days "’
‘ Frequenecy of

precipitation 4

62

78

33

.h3
37
53

30

T

pate of fifst
arrival

13 Nov.
17 Nov.

6 ilov.

11 Nov..

9 Nov.

15 Kov.

€ Nov.

15 lov.

16 Nov.

13 Nov.

1k Tiov.

1€ Nov.

14 Nov.

11 Nov.
16 Nov.
18 Rov.

ik Nov.

‘Table B.1

Maxirum activity
d/m-preclp. date

" T75-R. 16 Nov.

giS-n 2 Hov.

4805-11 25 Kov.

10005-R 11 Nov.

67Th-R 22 ﬁov.

2132-R 26 Nov.

-6023-3 éh Nm.r.
2736-R 23 n&.*
1813-R 24 Nov.
1003-1 14 Liov.
i§08-3 és Nov.
9816-F 23 Nov.

878-R 22 Nov.

5608- 11 liov.

1480-% 27 Yov.
S557<R 20 Nov.

596-K 15 Nov.

- 136 -

Activity oﬁ last -
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dany of record d/m

Remarks

L1 - Eighest U. S. value
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Station

Los Angeles,
Calif.

Los Angeles,
Calif. (Airpori)

i-iémphis B

‘Tenn.

" Minpeapolis,
‘Minn.

llew Haven,
Cozn.

" Hew Orlezm.s~ B
La. ’

liew Yorx,

S H. Y.

liew York, L. Y.
(LaGuardéia Field)

iiew York, L. Y.

(a=c)

Philsdelphia,
Pa.

Philadelphia,

PFa. {Airport)

Pittshurgh,

‘Pa.

Pittsburgh,
Fa. {Airpori)

Port Arthur,
Tex.

Providence,

R. I.
Providence,

R. I. (Airpors)

Rapid City,
S..D. -

Rochester,
N. X.

. 2
I ]
%o ﬁ @
o B g
o T
iz ©
9 2
1 Nov. 8
17 Dec.”
L Hov. 5
26.Dec.
1 Gov. 11
26 Dec. .
L%ov.e 6
27 Dec.
5 Hov 3
‘29 Dec.
1fov. 6
27 vec
7 1 Nov. 9
25 Dec.
Z liov. ik
2% Dec.
L Nov. 15
SVDec
1 licv. 5
27 Dec.
5 liov 2
27 Dec
1 Nov 6
2C Dec
2 Lov. 12
2¢ Dec
2 llov 4
26 Dec
1 Nov 3
2 Dec.
1 Nov. -6
28 Dec
3 Nov. 16
27 Dec.
1 HNov. T

CN-
(18]

T

Table B.1 ( cor_ztinued)

Ilov.

[
(83

O

liov.

16 llov.

“16 Tov.

14 Lov.

14 Hov.

T Nov.

6 Nov.

[} L

b8 3’4—7 . %)
-t 2 -]

e ] L -

“~ O ] -l
O 13 LA £
Y -l ot u A o
5 . n% =3 >
£ - Tl o E o -+
ga . °n E & IS
oo 'R - 2

N A
2 ; 4
o A a =< <
31 7 Nov. 3826-R T Fov
26 , '8 mov. 1017-2 £ Tiov. L
Lo 16 Nov. 5399-% 23 liov. L
L 1z Hov. 1132-n 121lov. L.
L2 . 16 Kov. G22-n 21 liov. b
Lz 5 yov. 1636-2 27 Tlov.

"LE . E Lov. GLl-R 22 Niov L
47 15 Hov. 2156-L 27 Hov. 1
35 15 Zov. 2L17-R 27 Liov.  1G%
L. 13 dov. 1978-i 26 lLiev.

656-7. 20 lov.
1250-R S Hov.
516-3 19 lov.

3540-R 27 Hov.

"318-R 12 Dec'.-

489-R 20 Nov.-
3886-N 12 Nov.

1896-R 18 .Nov.

- 139 -

dny of record d/m

&

Remarks -
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Station

St. Louis, -

. Mo.

* 8t. Louis,
Mo. (Airport)

- St. Paul,
'+ Minn.

Sslt Lake City,

Utab

Sar Diego,
Calif.

San Francisco,

 Calif.

San Francisco,
Calif. {Airpori)

_ Seattle,

Wash.

_Séuttle-’l‘acona ’
Wash. (Airport)

Terre Haute,

~'Ind.

‘Topeka,

Kan.

Youngstown,
Ohio

" Ypsilanti,

Mich.

Canada and Alasks

Adak,
Alaska

‘Churchill,
- Manitoba

Deep Riir'er N
Ontario

- Edmonton,

Alberts -

- Period of
daily record

B
¥d

R
-1
¥g

2 Nov.

27 Dec. .

1 Nov.

26 Dec.

2 Nov.

- 2k Dec.

- 1 flov.

25 Dec.

2 Nov.

«

No. of missing

days .

g

[
n

r

23 Dec..

1 Nov.
23 Dec.

1 Nov:

. 22 Dec.

1 Nov.
28 Dec.

2 Rov.

- 27 Dec.

1 RNov.

28 Dec. .

1 Hov.

26 Dec.

1 Nov.
12 Dec.

15 Nov.
22 Dec.

11 Nov.

2k Dec.

21 Nov.

.2k Dec.

10

Frequency. ot;

»

&

w
w

'38

37

37

2

w

2

100

63

39

precipitation %

Table B.l (continued)

Date of first
arrival

14 mov,

14 KRov.

i3 Nov.-

13 Nov.

‘13 Fov.

S.Nav.

- 11 Nov.

1l Nov.
n Nov.-

15 Nov.

" 13 Nov.

15 Nov.

15 Nov.

1C Nov.

15 Rov.

1k Nev .'

Kone

- wo

y

-precip. date

1025-R

211LkR

93§

b233-R

936-K

1828-x

656-K
3578-R
T612-R
1869-R
466-§

1438-R

3855-R

331-R

1517-8

297-R

" Maximum activit

a/m

n
=
=
[

-]

+

2k Nov.
13 Rov.
15 Nov.

14 Nov.

8 Nov.

li Rov.
b5 Y m-wT
10 Nov.
25 Nov.

1k Fov.

26 Rov.

26 KNov.

10 Nov.
15 Nov.

26 Nov.

Activity on last

T

‘day of record 4/m

" Remarks

2
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3
3
1
i
mm—
B |
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}
[y
i
’-ﬂ
L
a

~
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-

Station

‘Goose Zay,
Leabrador

Harmbn AFB,
Newfoundiand

- Moncton,

New Brunswick

" Moosoonee,

Ontgrio

.Ritchequon,
Quebec

Nerth Bey,
‘Ontario

Port Hardy,
British Columbia

Prince Georgze,

- British Colunbis

Regina,
Seskatchewn

Seven Islands,
GQuebec

Shenys,
Alaska

Winzipeg,
Manitoba

Pacilic Oceen

Canton
Island

French Frig.'Shoals

T. H.

" Guan

Islané

Eilo,
Hawali, T. H.

Bonolulu,
Oahu. T. H.

Period of
- daily record

.1 Hov.
17 Dec.

5 FNov.
19 Dec.

& Nov.

- 21 Dec.

17 dov. -
26 Dec.

9 Nov.

-27 Dec.

28 liov.
27 Des.
20 Nov.
2% Dec.
21 Lov.
26 Dec.
16 Liov.
26 Dec.

3 Tiov.
10 Dec.

20 llov.

: Dec.

-

Nov.
‘Dec.

~I

G Hov.
2k Jicv.

© 1 Hov.

1L Dec.

L Nov.
13 Dec.

2 Hov.

25 Dec.

No. of missing

<]

1h

w

t

[+)Y

days

Fréqucncy of

-
N

8..

62

91

32

51

100

Sk

95

100

80

precipitation ¢

Teble B.1 (continued)

Date of first
arrival

23 liov.
25 Nov.
15 Hov.

14 Nov.

17 Tov.

13 Nov.

21 Nov.
16 Kov.
7 Liov.

lione

1l Nov.

11 Hov.

3 Nov.

7 Nov.

6 Nov.

Yy

precip. date

Maximum activit

d/m-

ééh-a 25 Nov.
hﬂié 28 Nov.
1282-% 1€ Nov.
ih Kov.
£95-R " 17 Kov.

1575-% 23 Nov.

1018-R 21 liov.
Z001-R 16 liov.

2Lk2-R 7 Nov.

TS2-1

11 Nov.

5173-k 11 Nov.

32k,046-K 4 Nov.

5266-R 20 Hov.

1505-R 20 Nov.

-1 -

Aciivity on last

[

N

169

T2

-25

day of record a/m

Remarks

Small ané irregular activity .

after first arrival.

Record for 10 Mov. missing,
continuous activity 11-26 llov.

Significant activity continuous
after 5 lov. with two sharp pesks

corresponding to MIKE and KING

tests.

Significant activity 7 Nov. to

4 Dec.

Activity continuous 6-28 Nov.

i

——————— -
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‘Station

Iwo Jima

Island

Koror
Isiand

.. Jobnston

Island -

. Libue,”
Ksuai, T. H.

Melbourne,
Australia
Midway -
Island

Ponape
Islaad

Truk
Island
ﬁake
Island

Wellington,
‘New Zealand

Yap
Island
Asia

Bangkolk,
Thialand

- Bombay,
* India

Baneds ATB ’
Japan

Period of
dnily record

©1 Hov.

16 Dec.

17 Nov.
7 Dec.

1 Iiov .
12 Dec.

b Nov.

" 12 Dec.

1 Nov.
32 Dec.

1 Nov.
29 lov.

16 Kov.
T Dec.

2 liov.
T Dec.

1 Nov.

6_ Dec.

1 Nov.
7 Dec.

-9 Nov.
T Dec.

days -

Ho.of misaing

Ton

>

(€

Table B.l (continued)

h 358
-5 '8
22 B

- ot i
me L
A >
- oy o
ER
[ -] v o
[N R
| S 7Y [
& A
85 2 Nov.
81 17 nhov.
85 11 Nov.
92 5 Nov.
66 13 Hov.
T7 10 Rov.
97" 18 Nov.
83 3 Nov.
50 9 Nov.
70 16 Nov.
93 9 Nov.
26 6 Hov.
0 - 20 Nov.
31 13 Nov.

>

precip. date

e
ot
>
-t
<
(3]
<
£
-~
x
£

-N
Hov.-

336271

\ng\ d/"l'

BN

44508 21 Nov.
3020-M 23 Hov.
L5252 T Nov.

1298 13 Nov.

. 16,310-R 13 Nov.

47,000-R 20 Fov.

" 154,816-R

.17 Nov.

€594~ 1k Nov.

93-N 16 KNov.

17,185-R 16 Nov.-

96,000-1° S Nov.
10b-¥ 22 Hov.

‘9kLk-R 18 Nov.

-142 -

g Actavity on last

day of record d/m

101

41

165 -

R enyarké

Significant. aciivi‘.:y nearly
continuous 2 Nov. to 10 Dec.,

.perhaps due to redeposited dust

from ground. This statior received
greatest activity of erxtire gummed

‘paper network.

'Sazpling staried too late for
MIKE, debris mainly from KING.

Significant .activity continuous
11-26 Nov. : :

Activity continuous 5-25 Nov.

See footnote (1) at end of table.

Significant ectivity continuous

10-16 Fov.

S:mpling started too late for
MIKE, debris mainly from KING.

Irre'g'u.‘Lar but higa activity 3

VNov. to early Dec.

Arrivel on 9 Rov. gquestionable.
More reasopable arrival day 13
Nov. .

See footnote (1) et ené of table.

Sampling started too late for
MIRE, debris mainly from KIIG.

ALl high activity 6-16 Nov.

See footnote (1) st end of table

A1l activity duripg week of 13-20

Hov.~

-
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A
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3 Tz
S L=
P ok}
Hiroshima, 5 Nov.
Japan " &L Dec.
Hong Kong, 1 lNov.
China 3 Dec.
Mar;ila, 1 Nlov.
P. I. -6 Dec.
Misava, 1 Hov.
Japan 12 Dec.
llagasaxkiy 1 lov.
Japan 1€ Dec.
. -
Okinawe .1 Tiov.
Isiend 11 Dec. ’
Taipel, 1 Nov.
L pec.

rormosa

Zurore ané orth Atlantic

Bermuca 1 Nov.
Isiand 6 Dec.
Kellavik, 1 flov.-
.Iceliand G Dec.
Oslo, 1 liov.
Norway 1l Dec.
. Prestwick, 1 Nov.
Scotland 2 Zec.
Rhbein-tain, 1 Nov.
Germany 10 Dec.
Thule, 'l Nov.
Greenlanc . 20 Dec.

Centfal’and South Anmerice

1 Nov.

Bogota,

Columbia 10 Dec.
Lims, 2 RNov.
Peru 23 Dec.

No. of migsing
days

w

(=] BN}

it

+
¢
'Ed

Frequency: of

[
=

&

62

(o)
YA

90

precipitation

Table B.l {continued)’

Date of first
arrival

Tlov.

-3

10 Lov.

5 lov.

1l Nov.

" 20 Hov.

fiov.

10 Nov.

18 tiov.

2L Hov. .

£ liov.

' 11 Tov.

10 Tiov.

19 Nov.

26 Nov.-

11 Tov.

" 308-R

Y

precip. date

Maximum nctivit

a/m-

h3;656eR 12 YNov.

©27,562-N 13 Kov.

2L2,400-F 6 Tiov.

107-2 1 Dec.

10,639-R 11 HNov.

10,567-R 10 ov.

T44O-R 13 Nov.

25_N§v.
Thl-R 35 Nov.
"120-K  © liov.
197-F 1l Nov.
.91-F 10 Wov.
1§9-n 19 Nov.

1862-R 27 Nov.

166-F 11 Nov.

-1k3 -

Activity on last

[

®

155

t

[9))
(Se

32

t

day of record d/m

Remarks .

All high setivity 12, 13, and 14
Nov.

"A11 high activity 11 - 18 Nov.

A3l hiph activity 5-22 flov.,

continuous in that period.

3ec footnote (1) at end of table
A2 high ectiviiy 11-16 Nov.
Sirnilicant-activity continuous
106-25 Liov. :

ALl high activity 10-19 Hov,

Irregular activity
Irreguler activity

only signiticantly high astivity
is auestionable. See footnote
{1) et ent of table.

See footnote (1) at end of table.

" Questionable data. See footnote

(1) 2t end of table.

Only active popers were pair on
19 Tov.

Nearlj all Qctivity collected oz
26, .27, end 28 Nov., probably KIIG.

See footmote.(1) st ené of table.
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la Paz, , 1Rov. 8
Bolivia - 12 Dec.
Mexico City, L Jov.- 2
Mexico . - 11 Dec.
Panama, -1 Nev. 3.
Canal Zone 12 Dec.
Quito, ' 1 Nov. 2
Bquador 5 Dec.
San Jose, "1 Rov. 5
Costa Rica 13 Dec.
San Juan, - L Nov. O
Puerto Rico 3 Dec.
Africe and Middle Bast
Addis Ababa,
Ethiopia
Beirut, - 1 Nov. 2
-Lebanon 1 Dec.
Daker, . - 1 Rov. 1
Nigerie i 12 Dec.
Dhahran,  1Nov. 3
Saudi, Arabia 11 Dec.
Lagos, - - 3 Nov. 15
Rigeris T Dec~
leopoldville, 1 Nov. 3
Belgiwm Congo T Dec.
" Pretoria, 1%Nov. 2
Union of South Africa 16 Dec.
‘8141 Slimane,. . 1l¥ov. 3-

French Morocco 27 Rov.

Frequency of
-precipitation §

&

r' .

50

65

85

only
24

73
50

80

62 -

‘Table B.1l (continued)

Date of first
arrival

24 Hov.
22 Nov.
25 RNov.,

26 Rov.

28 Nov.

18 Tov.

10 Nov.
16 Nov.
16 XNov.

11 Nov.

17 Fov.

25 KNov.

26 Nov.

y

~precip. date

Maximun activit

a/m

204R 24 Nov.

744N 25 Nov.

688-R° 1 Dec.

g2k-R 26 Nov.
207k 28 Nov. .

630-R 24 Nov. .

123-R 26 Nov.

11;641&' " 16 Nov.

T66-N 20 Nov.

97-R 11 Nov.

156-R 17 Nov.

. 297-R 25 Nov.

Lsg-r 26 .Nov.

(1) Maximmm activity less than 100 d/m on counting day.

- 1hl -

Activity on last

w
W

W
[s)

125

5

L

22 -

67

t

"L

. 253

day of record d/m

Remarks

Moét activity in week after
2k Nov., probadly all KING- debris.

Irregular activify after 22 Nov.,
Probably mostly KING dedbris.:

Most activity early in Dec.,
presumably from KING.

All sctivity efter 22 Nov.,
probably all KING debris.

See footnote {1) at end of teble.

Low levels of activity nearly
continuous after 2k Nov.

-one day of record - doubtful dats

See footnote (1) at end of table.
See footnote (1) at end of teble.

Irregular and low activity

‘Sce footnote {1) st end of table.

See footnote (1) et end of table.

Very irregular sctivity, only two
days with activity higher than
100 d/m on counting day-.

Only two active samples 26 and |
27 Nov., most precip.in form nf
trace of. rain. L

—
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