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Observation of the Yiu. DAY Atoic Gloud from tho U.S.5. Mt. Me Kinley.
Shipboard theocolites, normally woed fer observing veather balloons,
were a convenient instrunent for cbhtatnine elev-ttor and agirmth ancle

data for t's atomic clouds by ships of Joint Task Ferce SEV.
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Preface MWOilseldALSfteiernteed
The secondary mission of the metecrological staff of Joint Task Force SEVEN

was the inplementation of a scientific metecrological program. Yor logistic reasons,
this mission was limited to whatever scientific observations could be mde by the
wetecrological personnel and equipment already in the test area because of the opera-
tional requirements of the Task Force. The program which was planned included docu-
wentation of al) meteorological reports, observations on the rate of rise and height
of the atomic clouds, volume of the clouds, microbarograph observations in order to
obtain preliminary estimates of the bombs’ energies, energy estimtes of the bonbe
from thermodynamic considerations, cloud trajectory calculations, and investigations
of atmospheric turbulent diffusion.

This report is concerned primarily with the dste shich were collected an
the visible atomic clouds. The metacrological observations contained here ere those
for the test days only. The surface, upper wind, upper air, and aircraft observations
for the entire duration of the Operation SANDSTONE have been collected and will be made
avaiisble in a publication with no security classification. The amounts of energy re-
leased by the bombe will be considered only insofar as they affect the atomic cloud
formations, The wetecrological microbarograph is not a suitable instrument for seasur-
ing pressure wavee from atoaic weapons and other meteorological methods of etudying the
energies of the weapons are not conclusive enough to be considered at this time. In
this report no attempt will be made to diacuse the radiological or cheaical properties
of the clouds, The phenomena described are those which could be seen or photographed.

Prior to Operation SANDSTONE, alsost no numerical data bad been collected on
atonls clouds. Photographs were the best means of studying atomic cloud behavior, but
theJack of photogrammetric date made this difficult, In particular, no photographs
showed the dispersion of the clouds by the upper winds, and very little was imown of
the sanner in which atomic clouds were dispersed. Actually, almoet nothing ws Imo
about how dust or smoke clouds would be dissipated if carried to high altitudes. There-
fore, it wae important that data be obtained not only to determine the differences, if
any, dDetween the clouds produced by the three wapons tested, but also to learn about
the generel behavior of atomic clouds.

Original planning aseuned that photographs would be available throughout the
entire life of the visible atomic clouds, but H-hour for all tests was in the early
sorning darkness Just prior to dawn, and photographs of the stages of most rapid rise
of the clouis were not possible. Photographs show the atomic clouds during the first
fifteen to thirty seconds when in the fireball stage, or show the clouds later wheo at
about highest altituies, or when being dispersed. The SANDSTONE Operation did not pro-
duce platures of rising cloud mushrooms such as were typical of the CROSSROADS Operation.
Many cloud pictures were attempted during the first test and the majority were unusable
or photographically disappointing, For that reason, fewer clowl pictures were atteapted
during the secand test, and almost no cloud pictures were made during the third test.

Ae part of the aclentific neteocrologicel program, weather observers were re-
quested to make observations of atomic clouds by means of their theodolites and to use
sketches to show points at which the theodolites were aimed or how the clonda were
shaped. Alao, they were asked to write verbal descriptions of all atomic phevomens
observed, As the clouds could be seen and sketched, but not phed, this report
fs the only record of the clouds between the axtinguishing of the fireballs and the
time that the highest portions became lighted by the rising sun.

To understand this report, it is necessary to know only a few details of the

tests conducted Operation SANDSTONE. Three atomic weapons wore tested. The first

was tested on 15 April 1948, designated as IRAY DAT; the second wae tested on 1 May 1948,
designated as YOKE Day; and the third was tested on 15 May 1948, designated as ZEBRA Day.

H-hours were at 0617, 0609, and 0604 hours local time, respectively. All three of the
weapons were fired near the tops of identical towers approximtely 200 feet high. There-

fore, all bursts were air bursts and the olonds produced were similar to the ABIZ Day

cloud at Bikini.
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All air burets hate produced what have becom known as‘mushroom clouds, How- . ‘
ever, the atomic cloude produced IRAY, YOKE, and ZEBRA Days differed in several note- “//'~-- ‘
worthy respects. These differences were due primrily to the differences in energies aye wor
released rather than to any mrked differences in properties of the atmosphere. Esti- *
mates of energies released by each weapon are outside the scope of thie mper, but a ' ‘CS.

better understamiing of the clouds ie possible if the energies are roughly compared. ase sr
The XRAY Day weapon appesred to release somewhat more energy than did the air burst at 7 “.,
Bikini; the YOKE Day voapon wes somewhat more viclent than that of IRAY Days and the
ZEBRA Day weapon was perhaps less violent than the ABIE Day bomb. The ZEBRA Day Au ‘
cloud attained a much lower altitude than either the XRAY or the YOKE Day clouds.

Clouds from air bursts have begun with the same sequence of events. These
include the incomparably brilliant flash of an atomic weapon, the condensation clowi,
the fireball phenomena, and the mushroom cloud, These phenomena, which were described
many times in the reporte of Operation CROSSROADS, were reported at all three tests
during Operation SANDSTONE, Differences occurred only in size or degree, Uninformed
observers at seventeen, thirteen, and nine miles for the three tests, respectively,
saw no marked difference between the major etomic phimosene and could not compare the
energies of the weapons. Also, photographs from CROSSROADS and SANDSTONE of the con-
densation clouds and fireballe look nearly the same. Therefore, no attempt will be
wade to describe phenomena which are not noteworthily different from that reported at
Bikini.

If it bad been possible to establish two theodolites on a base line three
to five miles long and make calculations by means of base line triangulation, much of
the discussion and sore than a few of the charts in this report could Inve been onitted.
Such a base line was not possible as all observers were concentrated Eniwetok
for simplification of the redlological safety probles. Observers might have been placed
on ships outside of the lagoon, but the problem of moving or training such observers
did not seem worthwhile in view of the difficulties and the probabilities of obtaining
usable data. Much of this report is concerned with describing the methods used for
determining the dimensions of the atomic clouds from what is assumed to be a single
observation point. Meteorological data such as upper air soundings and upper winds
are used to estimate measurements which could normally be obtained by the use or more
than one theodolite atation.

In view of the continued requirements for atomic cloud date of a mateare-
logics] nature, and in view of the radiological hasard and difficulties associated
with establishing suitable cbeerving sites, thé procedures used in making the fullest
possible use of the data obtained at Eniwetok are described in great detail.

It was found, when the probles of reporting on the atomic clouds ms ap~
proached, that the wost effective way to describe the clouds and tell how they were
affected by metecrological elements, or to tell how the clouds were obeerved, ie by
weans of pictorial presentations. Therefore, except for the brief descriptims of
the clouds in the beginning, and the conclusicss and recommendations at the end, this
report consists of disgrams, charts, aketches, and photographs, Each set of figures
or pdotures is preceded by a brief explanation, and then the situation for IRAT, YORE,
and ZEBRA Days is illustrated in turn. :

The main body of the report is followed by three appendices. These do not
describe the atomic clouds, but give additional information pertinent to a study of
the clouds. They present, in the order given, a discussion of the observational
techniques, working charte, and theodolite datas the weather observations for the
test periods; and the metecrological charts for the test periods. ~
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| fhe need for the scientific meteorological program was foreseen by

Colonel B, G. Holzman, U.S.A.F., Staff Meteorologist, Joint Task Force SEVEN,

Colonel Holzman organized and gave guidance and support to the entire program

which included the collection and analyses of the data and the publication of

this report.

Major Delmar L. Crowsen, Deputy Staff Neteorologist, assisted in every

way in the collection of data, prepared originally the surface weathor data

charts found in Appendix III, and carried out the administrative details re-

quired for the publication of this report.
i

Ideutenant Ernest F, Lilek, U.S.N., Assistant Stptt Weather Officer,

aided in the collection of data from the ships of the Task Force and was respon-

sible for the analyses of the upper air charts which appear in Appendix ITI and

the trajectory studies beginning on page 43.

The collection of meteorological and atomic cloud date in the Eniwetck

Area, except that aboard the U.S.3. Mt, McKinley, was accomplished by the follow-

ing officers: Major L. H. Pribble, U.S.A.F., Weather Officer, Weather Detachment

Eniwetok; Ideutenant T, P. Mulline, U.S.N., Aerological Officer, U.5.5. Albemarle;

Ensign E. L. Snopkowsld, U.S.N., Aerological Officer, U.S.S, Bairoko; and Chief

Aerographer, L. D, Blakely, U.S.N., Aerological Officer, 0.5.5, Curtiss.

The Chief of the U. S. Neather Burean has given full cooperation and

has furnished the services of qualified Weather Bureau personnel upon request,

Dr. Harry Wexler, Chief of the Special Scientific Services Division, U.S, Weath:

Bureau, has been available for consultation and Mr. Fred White of that Division

kas proofread the text and has offered beneficial suggestions in the compllatic

of the publication.

The offices used for the preparation of the printed report were thos)

of the Headquarters, 1009th Special Weapons Squadron where suitable security

measures for sageguarding Restricted Data exist. The meteorological section

of the Special Weapons Squadron gave the fullest cooperation possible. This

Headquarters also furnished stenographic aseistance.

The monitoring of the scientific meteorological program; the collec-

tion of the scientific data; and the preparation of this publication (including

the performing of the calculations, the writing of the text, the drawing of the

figures, and the assembling of contents of the pages for photo-offset printing)

were done by Mr. Paul A. Humphrey, Meteorologist, of the U. 3S. Weather Bureau,
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 Map of Eniwetok

Showing Locations
of Observing Ships 

The four observing chire of Joint Task Force SEVEN,
the U.5.5, Albemarle, the U.o.c, Badroko, the 0.5.5,
Curties, and the U.5.5. Ut. heKinley, were anchored in
the same anchorages during the three tests, The dif-
ference in the resnective pocitions of the ehipa for
ooch teat did not wary moh more than a ship's length,
The bows of the ships cere headed into the easterly
trode winds op that theodolites vere set up on the port
cide, jJith the constant wind and etill eater of the
lngean, the ahipa did not swing sore than a few degrees
during any purtisular set of obeervetions and the deok
wes elnoct as steady as firm groaed.

Only one distanoe for each teat bas been used for
#1] four ships. “han the distances of the test si
were mecsured from each ship, it mas found that ff
Practinal purnoses ubole miles, rather than miles «nd
fractions of niles, would give mufficietly accurate
results,

Proper distance ie an isportant comeideration when
waking seteorological obeervations of atomlo phencnena,
On XMAT Dey, cith the test site at Bagebi, the island
was below the horizon; and nothing could be seen below
the topo of the cumdus alouds which vere in the vicio-
ity of the taet alte. Qo TORE Day, dohon was just on
the horteon but because of dorkmess ami the email cum-
lua cloude 1¢ sae pot possible to repert surface phenop-

one near the test site with assurance. On ZEBRA Iny,
Runit sas easily sean when light wes evallable, The
flood livhta near the baee of the tocer were in plain
view before li-hour, At the distance of 9 miles the
banus of the cumulus clouds acpenred well above the
horizon eo thot it qua pot difficult to see beneath them,

 

 

For observations of surface or low altitude phencs-
ena the shorter distances cro wefernhle; however, for
the checrvation of cloude after they reach maxime alti-
tude the longer distances are preferred. If the cloud
io pear, of mms the ZEBRA Tey cloud, it is not possible
to sight on the top of the highest part. Theololites
must be aimed tormmm the undernasth side of the cloud.
Perhaps the optiaum dintence for general observiticn
fron the surface ta near 12 ofiles,

Tt should bw noted that all distances used Ln this
report are nautical ailes.

Ath regurd to orlentation, the positions of the
ahins were very favormbly locuted vith reapast to the

ue) . vnrer cinda, The elou! material eoved off to tha eastSo Curtiss and weot frou the test sites so that it was in sight

Ibemarle roret ree hours, and there mas 6 sini of
. , . for about three hour

Bairoko Mt. Mc Kinley
Nautical Miles

7
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Descriptions of the Atomic Clouds

On the opposite page are show outline sketches of the three clouls as they appeared at
15 uinutes after H-hour, When seen at ‘thie stage, the olouwis each had the features by which
they are most ensily identified, Prior to thie time, the clouds had somewhat the same char-

- acterintios. That is, they consisted of « globular sass cua thick stem. Afterwards, they
were in various atages of diffusion; tut at 15 minutes past H-hour the differences between
the clouds were unuistalable.

With al] three clouds, the part of the clowl referred to as the * mass," or the
“primary portion," is that part of the cloul which seamed to have come from the initial hot
ges bubble, which had been either tha head of a sushrouwr cloud or which had risem because
of its om high temperatures. At 15 minutes past H-hour, the primary meas of the INAT Day
cloud was globular and somerhat resembled the top of a swelling cumlus cloud; thet of
TOKE Day seomed to consist mostly of smoke and dust and was not casy to distinguish froe
the stem because of the irregularities of the clouds and that of ZEBRA Day wer something
Mike the remains of an oversized smoke ring. Observers were instructed to ais thelr theo-
dclites at each aide of the primary sass in order that the diameter of the radioactive
cloud sould be roughly calculated, =

The words "highest point" also require explanation, When the primry mepes were rising,
the highest point was simply what appeared to be the top of the globular mass, or mushroos.
However, unexpected changes which confused the observers, tock place in the tope of all of
the clouds, The IRAT cloud developed a wing-shaped sheet of cirrus which is referred to
as a “plume;" the TORE clow spread at the top so that it had the "anvil" shapes of a
cumulonimbus; and the ZHU Day cloud had a projection, or "finger," which pushed out through
the primary meas, In the case of the IRAT Day cloud, some of the observers shifted their
aiming point from the primary mas to the near edge of the plune, since the elevation angle
of the edge of the plume was larger. They also shifted to the end of the finger on ZEBMA Day
for the same reason. It ia only through the use of the original sketches that it is possible
to tell how tha theodolites were aimed. The point referred to as tha “highast point" 1a meant
to be the highest part of the primary waas; however, in the case of the TOKE Day cloud, the
Primary meses 18 a0 poorly defined that it ia impossible to determines whether or not the eleva-
tion angle for the top of the anvil is ths same as that for the top of the primary nass. Ta
the case of the ZEBRA Day cloud, the top of the finger-like projection is actually the part
of the cloud highest in elevation, but the plume and the anvil of the FRAY Day and the TOKE
Dey clouds are only signs that the top parte of the clouds are epreading out against the base
of the stratosphere. As one of the purposes of the théodolite observatias was to obtain the
true altitude of the mdioactive clouls, the fact that some cheervera ahifted to minor fea-
tures of tha clouds was widesirable, However, where data can be obtained for the alnor fea-
turos without the loss of information for the primary masses, mich data should be collected.

That part of the atomic clouds which is referred to as the "stem" of the cloud (not la-
beled on the sketches) is what is below the primary man, The atea of the clouda consisted
of material swept up from the surface or left behind as the primary mesa cooled in rising.

The XRAY Day cloud bad ancther feature berides the plume not common to the other two
clouds. That is, it had a distinot "hreek" between the primery portion and its stam,

Phenomena common to all air bursts of atomic weapons which should be amtioned az part
of a mateorologioal report on atomic olouda are dincusned below in the approximate order of
their occurrence,

H-hour was marked by the indescritably brilliant flash, On al] three tests, observers
actually felt the radiant heat om their faces for a brief instant, but the heat was of too
short duration to be recarded on any ordinary meteorological equipment. (Ko observer should
look directly at the test site at H-hour without a suitable dark filter for bis eyes, and no
ordinary instrument should be pointed at the flash.)

 

 

Immediately following the flash, the growth of the hemispherical candensatian clowl be-
gins. It grew ot approrimtely the speed of sound as the drop of atgospheric pressure behind
the explosion wave caused condensation of water vapor, The determination of the ayact diman-
sions of these special clouds were not part of the meteorological program as their sizes are
important considerstions in energy calculations; however, for the purposes of comparison, it
will be stated that the IRAT and the ZEBRA Day condensation clouds were about 5 miles in dis-
weter and the TOKE Day cloud was nearly 6 miles in diasster, In each case, the condensation
clouds had nearly amsooth white sides and were brilliantly lighted from within, They appeared
to be nearly bomispherical, but the YOKE condensation cloud was distinctly flattened on the
top side, It was difficult to see the bottom of the TRAIT Day condensation cloud becaune of
distance and natural clouds, ani the base of the TORE Day cloud seemed to rest nearly on the
eurface; however, the base of the ZEBRA Day condenaation cloud was at about 2,000 feet, so
that it was possible to see under it and to see the flames around the base of the fireball.
The condensation clouds disappeared from the middle outward sc that to a surface observer
these clouds seemed to vanish instantaneously, Frog the air, the clouds bad the shape of a
doughnut, with the incandescent gases of the fireball in the middle, (See Note Below)

After the condensation cloud disappeared, the incandescent gases which formed the atouic
cloud were seen. The colors of these bot gases changed from nearly white, to yellow, to
crange, and then to red in about 20 seconds. The closer the test site, the brighter the
flames in the fireball appeared and the longer they secmed to last. The quantity of the mate-
rial in the YORE Day cloud was noticeably greater than that of the XRAY Day teats and on TOKE
Day, the flameo seomed to spread over the island and linger momentarily before starting up-
werd, At about Hehour plus 10 seconds, the firetnlle were nearly spherical ameept for their
flattened tops, and they seemed to rest on a pedestal of amoke and duat which hed bean swept
up bohind than as they began their repid rise.

da the brighter colors of the firaballa faded, the soft, blue-violet luminescence of the
clouds was revealed. This glow seemed to occur both within the cloade and in the eir sbich
was closely surromding. The intensity of this luminescence and its duration is greatly de-
pendent upon the distance of the obeerver fro the clowl, The luminescence of the IRAT Dey
cloud faded gradually end disappeared in about two mimites, whereas the glow of thn YORE and
the ZEBRA Day clouds lasted about four minutes. The fact that the clouds were self-lumrinous
is important to visual observations as features of the clouds could be seen even before the
morning twilight became effective. It is presumed that the ABIE Day clowl at Bikini also
possessed thin property of Juminsscence, but that the strong mmlight prevented the glow frou
being sean.

While the lusinessence was being observed, the presgure wave associated with the scund
of the explosion arrived. On IRAY Day, the pressure wave arrived at the obeerving shipe in
about one and one-half mimtes, on TOKE Day, the wave arrived in about one minute, and a
ZEBRA Day, the elapsed time was 45 or 50 seconds. There was no feeling af physical push frow
any of the pressure waves and no feeling of discomfort. Ordinary meteorological inatruments
were not significantly affected by the pressure wives, The ordinary aicroberograph is de-
signed to resiat sudden pressure changes, Hovever, specially built microbarographs on the
0.3.5. Mt, McKinley without damping mechanism showed pressure chenges for the threes tests of
2.5, 7, and 9 millitars, respectively,

The sounds of the three weapons were as follows; On XRAT Day the sound was a deep

rumble resembling heavy thundcr, whereas on IOKE Day, the sound was a resounding "pop" which
wee much different from the samd of the XRAT Day weapon, The soured on the TOKE Day weapon
wan similar to the sudden report, comsiderably magnified, of a paper bag which is forcefully
burst in a amall room. Of possible interest is the fact that the sound did not seem to come
from any particular direction, An observer not knowing the direction of the test alte vould

not have been able to point to ite source. The 2BRA Day explosion sounded much like the
"bang" of an eight-inch gm, if the gum were heard from several lamired feet amy. Although
the TRAY Dey explosion bad a rumbling sound, there were no reverbarations on YORE and ZEBRA

Tnys.

Note: The condensation cloud grew te ful] size and disappeared in 5 or 6 seconds.
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Description of the XRAY Day Cloud

The atomic cloud pushed through the deck of broken cumulus clouds almost

inmediately and was above the highest cuwsulus shortly after the first minute. During

the period of most rapid rise, the cloud showed the internal oirculatian which ms

observed at Bikini and was in the charecteristio mushroom shape, As on ABLE Day at

Bikini, several short clowd streamers, or spurs, seemed to project outward at an angle

from the bottom of the cloud at the time it was rising most rapidly. Also, as at

Bikini, when the top of the cloud reached 40,000 feet at apprarimtely H-hour plus

5 minutes, an ice cap was sean to form, The darkness prevented careful observations,

end all of the observers did not report this ice oap phenomena.

At the sixth mimite, the cloud top was approximtely 44,000 fect and the

sketches show that the cloud consisted of two mjor portions, the mahroom with its

tapering stalk and a Jarge cumjlus-type cloud from which the stalk appeared to extend.

This lower cloud portion reached up to an estimated height of 15,000 feet and wa

mingled with the other lover clouds so that it was mostly obscured. As the mushroon

contimuad to rise, it began to move eastward with the prevailing southwesterly winds.

This drift to the eastward began between the third and fourth simute when the cloud

reachad approximtely 30,000 feet. Meanwhile, the lower portion wa drifting west-

ward, and the stalk or stem wes elongating and becoming smaller in diameter.

At nine minutes and thirty seconds past H-hour the U.3.5. Albemarle ob-

servers recorded a olenn break between the upper and lower oloud masses and this shear

wes estimated to ooour at 20,000 feet. The stem of the cloud rapidly dispersed in

this region of wind shear during the following three or four minutes, leaving an

irregular patch of dust or smoke which separated itself fram both the upper and lover

portions of the cloud.

Between the twelfth and thirteenth minute, the mushroom reached its highest

elevation, The highest elemation angle was recorded at this time, Almost immediately,

a thin cirrus plume formed when a protuberance from the top-most part of the cloud ex-

tended up into the northsasterly wind which ms in the stratosphere, To « ship-borne

observer, this cirrus-like plume first appeared to extend upward and westward from neer

the center of the globular mse of cloud which had shortly before been the rising msh-

roum, The base of the plune became brosder while the tip remuined pointed so that the

goneral effect was that of a bird's wing extending horisontally from the cloud in the

Urection of the ships.

i
The upper portion of the atomic cloud was estimated to be approximtely 5,5

miles in diameter at the time it reached maximum altitudes, and ite center was 19 wiles

distant from the observing ships, After reaching muximue elevation, the upper cloud

mass moved with a wind from 230 degrees at approximately 25 knots, as the wind-shaped

sheet of cirrus above trailed behind.

Toe TRAY Day cloud disappeared from view in the following mumer, Tha lower

oumlus-type portion of the cloud remained visible until about H-hour plus teenty sin-

utes and then was lost to observers because of other clouds, The stalk of the muskrooa

formed a broad, irregular shaped area of fina dust and smcke which appeared to disperse

jtaelf in the region of wind shear. This amoky patch disappesred at about H-hour plus

two hours, Meanwhile the primary portion maintained its general shape but appeared to

become thin and shast-like so that it closely resembled olrroowmius, Finally, et

approciestely H-hour plus three hours even this most prominent part of the atonia cloud
sould not be distinguished by surface observers.

 



 

Description of the YOKE Day Cloud
Then the candansation cloud vanished, the flaming gases whioh composed the At about H-hour plus 16 sinutes, « swolling cumlus cloud with « top at

fireball were seen. The flames arcund the base of the fireball seemed to spread oub 9,000 or 10,000 feet had formed near the sero island. This cloud moved with the

over the inland and appeared to linger masentarily before starting upward, The quan- easterly winds and was lost among other clouds at the end of fifteen minutes, Also,

tity of constituents in the fireball appeared considarably greater than on the TuY at 16 minutes after H-hour, the highest portion of the atonio cloud waa in the fom

Day test, There was an extremely rapid increase in volume and lateral spreading of of an anvil top, elailar to that found on a cumulonimbus, This envil is thought to

the top jn this early stage, In about 10 seconds the ball of cloud bed grow toe have been caused by a spreading out of the top of the cloul as it flattened iteelf

dianeter of cne alle, After this initial rapid expansion, the diameter increased against the stratospheric inversion, The top of the clow seems te have reached the

nore slowly, At the end of ne minute, it is estimated that the mushroom top was bane of the stratosphere in about 12 mimitea, but the anvil took about four minutes

about two miles in diameter. The brilliant yellows and oranges changed to red as the to form, The spreading out of the top of the atomin cloud has been taken to be an

incandescent gases cooled in about 20 seconds, From about H-hour plus two minutes indication of when the olood arrived at mximm altitude, The highest part af the

to H-hour plus five minntes, the cloud was rising as a large spherical mass on a atomic cloud remained in this anvil shape until about the trenty-fifth mimte past

broad stalk. At firet, it began to take the characteristic mushroom shape tut for @ H-hour,

some reason, perhaps ite size, the cloud was not able to mintain the ring shaped in-

ternal clrvulation seen in previous clouds. The primery portion rose more nearly as

At H-hour plus one hour, the highest portion, or former "anvil," seemed to

contain the only moisture in the entire clout. It appeared to heave stretched out in-

to a rectangular patch of cirrecumius; whereaa the reminder of the cloud mintained

a gigantic bubble of gas. Instead of the cloud material ceacading down the aide of

the mushroom and being drawn back into the bottom as on XRAY Day, the YOKE Day cloud

left a relatively thick trail of dust and sacke in its wake. By the tine it reached

maximm altitude, there appeared to be « diminution in volume of the hot bubble be- ite reddish-brown color and emoky, dusty appearance, In one hour, the cloud had been

cause of the large quantity of mterial left behind, There also seemed to be less draw out by the structure of the upper winds into a ribbon which bad extresities

moisture condensation associated with this cloud. Insteed, it appeared to be more of about 50 miles epart. 7 Fini in width ¢ density, Tutt remained unbroken.

a ° Generally speaking, it sig-sagged downward in a slanting line from east to west and
anoke Loud»

Arter E tive minutes, the etalk of the mst showed a to reached completely across the northem sky. Its actual ahape 1a shown later in a
hour Plus 3 bend

the east as the strong westerly winds became effective, and at H-hour plus 12 minutes sketch (page 50) and in « photograph (page 68),

the cloud renched its muximm eltitude of 55,000 feet. Whan this altitude was reached,
the clowd consisted, from the surface upmrd, of a thick vertical mass estimted to be

one and qne-half miles in diameter which extended to 15,000 feet; a slanting colum,

tilted tovard the east,of irregular patches of reddish-brownsacks and dust; and the In one hour the cloud bad moved amy until {t wes ese than 10 degrees above

upper dominant masa which was about five miles in diameter and three miles thick. 41) the horizon; and after two hours it appeared at ouch a low angle, and ms so dispersed,

parts of the cloud were comected together, and there was never a clear break as that its general form could not be determined,

oocurred on TRAY Day.

 



 

 

Description of the ZEBRA Day Cloud
The ZEBRA Day cloud in its initial stages mas about nine miles avey, Per-

haps because of its nearness and the uncbstructed view, the flames in the fireball

seemed brighter and appeared to last longer than those of previcus weapona. During

the first tro mimites, the clowl! wae rising almost etreight up. The cloud had the

familiar mshroow form, but the head of the cloud did not have a well-defined circu-

lation after the secomd minute, At the end of the third minute, the upper part of

the cloud began to move torard the east, as it became subjected to the westerly winds.

From the third minute until after the eighth minute, there was little change in the

sbape af the atomic cloud, It contimed to rise and was bent more and more tora

the east. By the ninth minute, the finger-like projection which rose out of what had

been the primary portion could be seen plainly. It appeared timt a relatively smaller

bubble of hotter gases was contained within the primary portion of the atomie cloud,

and that this relatively hot bubble did not cool as rapidly ae the remainder of the

cloud, When the primary cloud mass stopped rising, this bubble continued its rise for

an additional 5,000 feet before cooling to the temperature of the surrounding air.

This projected portion of the cloud rose mtil about the twelfth minute

when it began to spread out. At about the tenth or eleventh mimite, the top of the

cloud had moved to the east of the broad stem, and observers om the U.S.S. Bairoke

were able to look up into the base of what had been the rising mshroom head, The

observers on the Bairoko stated that the cloud, viewed from the bottom, had « bollow

appearance and looked somenhat like a smoke-ring. There was more cloud mterial in

the edges of the cloud than in its center. At the fifteenth nimite, the finger-like

part of the cloud appeared to break away, but it never did get far from the min body

of the cloud, It was noticed, about this time, that the lower extremity of the atomic

cloud ended at the region of shear betreen the easterly and westerly winds, near an

elevation of 7,000 feet, As for as could be seen, there appeared to be no cloud

paterial which could be definitely observed as the atomic cloud below that level.

Fron the fifteenth minute up to one hour past H-hour, the cloud consisted of three

primary parts, They were a cloud streamer, the remains of the uppermost finger-like

projection; a large globular mass, the primary portion; and the long tenuous stem.

After one hour, the edges of the atomic cloud began to be indistinct, and

the cloud began to blend with the thin cirrus clouds which almost completely covered

the aky. Then, et one and cue-balf hours, the outline ef the cloud became imlefinite.

Finally, at H-bowr plus two hours, only a light tan patch remiined of the primary

cloud mass; and no other parts of the atamic cloud could be seen.

This cloud seemed to be entirely composed of smoke and dust with no sugges-

tion of moisture, No 4ce cloud or cirrus veil on the top of ths mushroom was reported,
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DIAGRAMS DESCRIBING
THE THREE ATOMIG CLOUDS

Operation SANDSTONE
Eniwetok Atoll, Marshall Islands

1948
RY

XRAY DAY - 15 April , H-Hour O6I7 ./
i

YOKE DAY —- | May , H-Hour O609

ZEBRA DAY !5 May , H-Hour O604 |

Dates and Times are LOGAL for the Eniwetok Area

 



 

 

Upper Wind Vectors
 

To begin a atudy of the behavior of atomio clouds it in necessary to mow
what the upper winds were which affected the clouds and to consider how those winds
acted an the visual airborne material produced by the atomic explosidns,

dn examination of al] of the wind scundings for the three test days shows
that the upper winds were of the same general pattern on all of the test days, At
low levels the winds were easterly, and at progressively higher levels the winds
veered through south into southwest or weat,

The abesnce of winds from a northerly direction were a radiological safety
requirement, It was not practical to evacuate all personnel from Eniwetok, and it
was known that the teste would be greatly hindered if installations on Eniwetok be~
cams radiologically contaminated. For thie reason, an area in the southsastern part
of the atoll, including Eniwetok and Parry Islands, was aselected for anchorages of
the observing ships; and the teate were conducted on dayé when there wis no northerly
companent in the upper wind directions which might oarry radiologically active mte-
rial southward.

By chance, the winds on the dates originally selected for XRAY and ZEBRA
days were operationmilly suitable. However, prior to 30 April, the my originally
scheduled for YOKE DAY, there was a high frequensy of northwesterly winds in the
anti-tredes at levels between 20,000 and 30,000 feet. In fact, prior to the actual
YORE DAY, there wore fourteen impossible firing days because of wind conditions,

On 29 April, the upper winds showed a transitional zone of vartable winds
with northerly components between 15,000 and 30,000 feet; and since there was no
justification for believing that a rapid change in the wind structuro was imminent,
there was considerable doubt expressed at the morning briefing that tha winds would
change sufficiently to meet radiological safety requirements, There was, neverthe-
less, a reasonable expectation that these awkward winds would tend to veer in such
4 manner that the northerly components would be eliminated within 48 hours. Thus,
unfavorable winds caused the postponement of YOKE IMY until 1 May, By the time of
the briefing on the morning of the new YQEE minus one day, the upper winds had al-
tered sufficiently to indicate that a new air flog was beginning to predominate, and
a forecast of favorable winda could be given, Sinne meteorological conditions were
also indicative of suitable cloud conditions, the test was scheduled for, and con-
ducted on 1 May,

Therefore, in theesetests the upper wind conditiona which determined the
shapes of the clouds and the spread of the radioactive material were predetermined
by the relative positions of the test sites and the area which had to be kept free
of radiclogical contamination,

Qn IRAY DAY, nine minutes approximately after H-hour, the atomic cloud
sheared and broke apart at about 20,000 feet and the drone airoraft stationed at
that altitude could not sake a penetration as there waa no cloud visible at that
alt@tude on which the aircraft could be vectored, For that reason, closer atten-
tion waa paid to the probable shape of the atomic olouds in the ataff briefings om
TOKE and ZEBRA days; and diagrams were presented at the briefinga on those dseysa

which pictorially showed how the atomic clouds would look from the observing ahipe,
Theso diagrams were drawn in similar manner to the diagrams laboled =

that are in the upper right hand corner of the following three
pages except that the dashed line connecting the arrow heads was replaced by a rough
outline of an atomio cloud, This led to an incorrect prediction of the spe of the
ZEBRA DAY cloud because the atomic cloud an that day did not go as high as the AY
and TOKE clouds, or to as high an altitude as was indicated on the diagram; however,
on YOKE DAY the shape of the cloud was remarkably like the predicted shaps. Further
use of these vertical projections for predicting the shape of atomic clouds from up-
per winds ia believed to be worthwhile.

 

-(4-

Tha winds which affected the atomic clouds have bean estimated from the
representative wind data which were obtained before and after H-hour, The exawina-
tion of a number of wind acundings will give « truer picture of the air flow than a
single sounding at the time in question. This is true because there are many approx-
imations inherent in any particular scumding which result fros the accepted manner in
which soundings are made and upper winds caloulated, In estimting the wind directions
and velocities which acted on the clouds, consideration has been given to the trends

and averuges for particular levels, and to the winds between the 5,000 foot levels.
(See Appendix II)

In using these wind data it 1¢ assumed that the estimated winds oocurred at
A-bour and endured for the three houre following. It is also assumed that the winds
occurred over the entire Eniwetok area and acted on the cloud without regard to the
restive distances of the mrts of the clouds or their locatias in the changing wind

ds.

XRAY DAY An examination of the upper winds shows that wind soundings above
55,000 feet cannot be estimated for H-hour. The winds for levels above 55,000 fret
#hown in the second 0800 (iocal time) sounding are not believed to be representative of
the winds at fl-hour, ,

The method of formation of the wing-lile plume which grew out of the TRAY
DAY cloud has been studied,and it is thought that it was produced after a part of
the top of the cloud protruded through the tropopause into the stratosphere, With
winds which were nearly calm at the base of the atratosphere, the plume would have
been formed as the primary masa moved awsy in the stronger winds. A treil of cirro-
cumilus type cloud was formed in this region of wind shear at the tropomune.

The shear zone between 20,000 and 25,000 feet may be seen on the diagram
labeled ProjectionNorth. At this altitude the winds changed from
easterly to westerly, ond the yialble cloud separated, This separation of the clowd
was thought to be caused by the energy of the weapon, ths altitude of the burst, the
character of the surface, and other such factors rather than the wind sheer; however,
the wind shear did contribute to the separation,

YOKE DAY=— the cloud shich formed on the second test was a more or lass can-
timous colum frea the surface to about 55,000 feet. The estimated winds on this
day must closely approximte the actual winds for photographe of ths atomic cloud
show that the cloud was shaped just as would be expected from the wind vectors.

ZEBRA DAY= tha third atomic cloud reached an altitude between 30,000 and
35,000 feet, Therefore, it is not necessary to consider winds above 35,000 feet.
when studying thin cloud, The shape of the cloud was approximtely what might be
expected from the mind vectors; however, in the case of this particular cloud, a
better understanding of the shape may be obtained by exmining the winds at 1,000
foot intervals between 10,000 and 20,000 fest, These intermediate winds were used
in drawing the diagram labeledCloudon
Page dae
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Upper Air Soundings
 

It was not practice] to obtain upper air scundings exactly At H-hours '

sco the eoundings reaching the highest altitudes have been plotted for Just be-

fore and after the times the atonic clouds sere rising.

in examination of the surface tesperatures and the temperatures at

400 aillibers permits a quick comparison and shows that the lapse rates were

pearly the same on each of the three days. The small irreguiarities in the

tempereture curves can hardly be seid to have affected the formation of the

atomic clouds in a significant manner.

The small figures to the left of the temperature-helght curve indi-

cate relative humidity. These data are thought to be lens representative than

the actual temperature data, particularly near the surfece; and not much cun

be deduced by studying the relative humidities produced by the rein Showers

which occurred just before H-hour on RAY DAY. -

The most significant feature of the upper air soundings with respect

to the formtion of the atomic clouds is the indicated height of the tropopause.

During the time of the teats the height of the tropopause seemed to be conaist-

ently between 54,000 and 56,000 feet. On XRAY and TOKE DAYS it is asuumed that

the atrong temperature invereion which existe at the tropopause stopped the

already decelerating atomic clouds, and that the topo of these clouds came to

rest at the base of the stratoephers.

ad
XRAY DAY— The most significant sounding available before the tests,

the sounding made et 0300 loca] tine, did not reach the tropopause, Thea 0800

local tipe scunding did apparantly reach the tropopuuse at 56,100 feet, but the

point given above that level appears to be i: error. The tempernture curve is

dashed where it is believed to be doubtful,

YOKE DAY- Unfortunately on TOKE DAY there was no sounding vhich

showed the charactor of the tropoapharic inversion, but the 0300 local tine

sounting does show that the temperature stopped decreasing above 54,100 feet.

Bacause of nurral conditions over tropical areas in the latitudes of Eniwetok,

it may be uscunmed that the temperature-helight curve tutns sharply at tha

tropopause and that the shallow isothermal layar ia actually part of the large

stratospheric inversion, Therefore, in the calcvlationsa which follow, it is

| further sasumed that the YOKE DAY cloud stopped rising at approximtely

55,000 feet.

ZEBRA DAY- On this day the height of the tropopause is clearly shoun

to be 54,420 feet on the 0300 local time sounding, but this value waa of no

use in tha cloud calculations because the cloud did not reach an altitude

above 35,000 feet,

It may be noted that a slight tempersture inversion la show by the

29,100 and the 29,900 foot levele at 0600 local tims, This inversion may have

Slowed the Z:BHA DAY cloud, but it is not bellewed that such a smal) inversion

would have had noticeable effect on vigorously rising clouds such as those an

TRAY and TORE DAYS.
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The curves which are titled as the rates of rise of the atomic clouds combine
the graphs of the elevation angles of the tops of the primary parts of the atonic clouds
(see pages 11, 13, and 15 of Appendix I) with borizontal distances. These curves show
approximately the time when the cloud reached a particular altitude and moy be used to
Caleulate how fast the clouds were rising at any particular tims, These curves are con-
sidered to be useful in planning aircraft operations or scientific work when atomic
clouda are expected.

The altitude of the clouds at esch minute ws found by simple trigometric
methods; however, the horisonte] distances used in these calculations were not easily
determined. If the types of date available for calculations are reviewed, it will be
seen that the elevation and asimith angles, the upper winds, the hoipht of the tropo=-
pause, and the approximate times the clouds reached maximm altitudes, are the only
known factors. Unfortunately, the angles are from uhat must be assumed to be a single
theodolite station. With the available data, it is impossible to fix the positions of
the top of the clouds in apace with the exception of the locations of the XRAY and YORE
day clouds at the times whan these clouds my be apsumad to Inve reached the tropopause.
Other values for horizontal distances mist be arrived at by sethods shich appear to be
most reasonable,

Different methods have been used for each of the three clouds, and these
sethods will be explained below as each cloud is discussed,

It may be noted that the curves are dashed at low clevationa, This is because

the atomic clonia were rapidly ing as well as rising when they wero first farwed.
Theodolite data are not believed to be reliable until] after the Nrast minute,

XRAY DAY=ron skstches of the cloud showing the formtion of the plum, it
seems that the atomic cloud reached the trepopause and stopped rising about twelve and
one half ainutes after B-hour. The height of the tropopause on this day ms about
56,000 fest or 9,2 miles, With the elevation angle of 26.0°, this puts the cloud at a
horisontal distance of 18.9 siles. The distance of the test site was 17 miles and since
the cloud wea acted on by easterly and then westerly winds, the azimuth angles of tha
olond show Littles or no change in the firet three mimtes. Therefore, it 1s assumed
that the top of the aloud ws still at 17 miles at the third minute. From the third

minute until the clond reached the tropopause, it 1s assumed that the horizontal motion
wes wmifors and in a straight line. This means that the horizontal distance is assuned
to be increasing at the rate of .2 mi/min during the time that the cloud ms rising. It

believed that the nature of the upper winds was such that the actual action ws more
that the curve drew gives a reasonably accurate representation of
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Rates of Rise of the Atomic Clouds
YOKE DAY<—the sketches of the top of the clond show that it begen to spread

out into an anvil form ebout 12 minutes after H-hour. The height of the tropopause was
between 55 and 5% thousand feet, so it 1s aseused that the cloud reached 56,000 feet or
an altitude of 9.2 miles at that time, Examination of the graph for the elevation angle
{see page 13, Appendix I) shows how the elevation angle of 23,5 degrees was obtained.
It 1s thought that this elewation angle is more reasonable than the 24,5 degree angle
ebtained directly, The shape of the claud was auch that it was impossible to sight an
the true top of the cloud and it 1s assumed thet the theodolites were sighted on the
noar edge. The elevation angles of the top of the cloud and the near edge would have
approached equality as the cloud moved away from the observer. The dashed section of
the elevation angle curwe is believed to represent the most probable slovation anglea

for the top of the cloud and the solid line represents the elevation angles of the edge
of the cloud. This lower elevation angle gives a reasonable looking rate of rise curve.
The angle 24.5 degrees does not,

as in the case of the XRAI day cloud, there seemed to be little horizontal
aovement during the first few minutes. The distance of the test site waa 15 ailes,
so it has been ressoned that the cloud was at this distance during the first four
ainutes, After the fourth mimte, it wae assumed that the cloud moved 1n e etreight
line, but at warying distances each minute depending on the azimuth angles.

To obtain what seens to be the best possible approxisations of the hori-
genta] distances, the triangular diagrem shown above the rate of rise curve ms con-
structed. This diagram bas been drawn to acale by means of points representing the
test site, the horizontal distance of the cloud at the tine that it reached its
highest point, and the atimuth angles of the center of the cloud top. The horizontal

distences wara obtained by noting the lengths of the azimuth angle linea for each

ainute,

-_

ZEBRA DAY=—the atomic cloud on ZEBRA day did not reech the tropopause and
for this reason it is difficult to fix the horiaonteal distance of the top of the cloud
at the time that it reached fits highest alevation. Al) that is known are the azimrth
angles and the distance of the test site, Fortunately, the upper winds were such that
the path of the rising cloud would have much the same even though the rates of rise
might hawe waried considerably. By means of the triangular diagram shown above the
curve, it may be seen that the most probable position of the cloud top at the time
that 1¢ reached highest elevation 1s somewhere between 10 and 12 miles. The upper
winds could oot have carried the cloud far enough north for it to have been as far as
twelve miles away, and the winds were too strong to have only carried the cloud to a
distance of 10 miles, The beet estimate of distances which can be obtained is Ll miles,
and this is the diutance which bas been used to determine the position of the cloud top
at each minute. The behavior of the ZEBRA day cloud was wunusuel in that it rose to
about 28,000 feet in eight minutes and then « finger of the cloud rose out of the pri-
mary macs for an additional 5000 feet. There were two rates of rise, one for the pri-
mary mise and one for the cloud projection. The usimuth angles for toe primary mse
tave been obtained from pages 27 of Appandix I but the asisuth angles for the finger-
like projection have heen abtaiged fram the cloud sketches, .
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Locations of Centers
 

 

After creraring the rates of rise curves for the three atomic clouds, the

curved were used to daternine the combined effect of the uprer winds on the rising

clouds. If the »osition of a cloud top at the time that it reached highest altitude

as dotermined from the rate of rise curve and the winds is a.proximitely the some ag

that commuted from the heifpht of Lhe troporeugse and the theodolito dati, it 1a reason-

able to asoume that tue actual vosition of the top wag somewhere close to those points.

It is also renaonable to essume that the rate of rise curves cives a salisfactory

renresentation of the actual behavior,
|
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of Rising Atomic Clouds
  

The small circles within tha solid black line show the position of the top

of the cloud at each 5,000 foot elevation and the dashed arrow is a vector represent-

ing the total movement in miles and the direction of the cloud top from the test site,

The sracing between the concentric circles is ,4 of a pile in the case of

the <HAY DAY diagram and 1 mile on the other two diagrams,

A&A comparisen of the calculated positions of the cloud tops by different

methods is given in the next set of diagrams titledofAltitude

AtomicCloud.

 



XRAY DA
aq oe  

Location of Center of Rising Atomic Cloud

from H-hour until H-hour plus 12.5 Minutes

METHOD OF COMPUTLWG LOCATION
OF CENTER OF aTCKIC CLOUD TOP AT Tl IT

ARACHED HIGHSST ALTTTUSE
|

de the atomic cloud was acted upon
by the upper viade during the 12.5 alnutes
that 11 was rising, the top of tha cloud *
waa Jisplaced sbout 2,7 nsutical alles

along a Yeotor directed from 224" by the *
time that it resohed maximum altitude.
This resulte in an increase ln distanse
between the cloud and bhe theodolite
obeertation stetiane which guat be cop
tidered If the trus altitude of the sloud
la to be determined,

The position of the olouwd hae been
galculated by joining Leguther vectors
which are directed In scaardance with the
upper wind at the 5,000 foot level is
question end which ars propertional in
Length to the thas that the cloud required
4o pase through the altitude interval,

The redii of the elreles are is
neutionl miles, and the individwal veotore
are identified by figures signifying
thousands af feet.

OPPaN WINDS aT H-HOUR

witiiede Oearage

25,000 23

30,000 240

35,000 2a

40,000 220

45,000 229

50,000 230

55,000 220 

 

censitinteniaabelitinkd aan

Length of calculated vector 27
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n, miles , direction —

 

   

 

from 224°

 

 

MiMUTES THAY WIND ACTED OW CLOUD aT EACH
5,000 FOOT LAVAL

aedeelshow a steleGlowd Mase s
mee goved very livtie horlgantally during
the firet three alnutes, It sevaed to be
only alightly affected the onsterly
elnde ubloh prevailed 25,000 fou,
Therefore, date for the first three ainutes
tere aot been considered La thease cal ouls-
tions, fhe time lotervals given below have
been determined by dividing the surve
shown an the pege

inte 5,000 foot segments, 2, ‘eat
om elther side of the altitude in question,
ahd vending off the intersectians of
plotted aurve all the ties ordinates,
These time Intervals are sonsidared to be
the umber of ainetoe Unat the epper aind#
acted of the gloud at esak 5,000 foet
level.

tet niet

25,000 (3.1 - 2.5) © 0.6

30,000 (J.8 - 3.2) = 0.7

4,000 (4.4 - 3.8) = 0.8

W0,000 (5.7 - &.6) © 2.2

63,000 «(7,0 ~ 5.7) © 13

$0,000 (9.1 - 7.0) + 2.1

53,000 {12.5- 9.2) © Ju

LESOTMS OF VECTORS IN MAIRICAL MILES

Aliiiuds owe Meets Bawiice)

0.6/o « WW eo

0.7/oO « MY « .

0.0/ 2 Be

1.31/60 2 -

1.3/40

2.1/0

Sed/60



YOKE DAY
Location of Center of Rising AomicMOlg

from H-hour until H-hour aplus 12.0 Minutes 7.0

METHOD OF COMPUTING LOCATION
OF CENTER OF ATOMIQ CLOUD TOP AT Tis IT

QEACHED SIGHEST ALTITUDE

Ag the stomie elond wee seted upon
by the upper winds during the 12.0 ainetes

that 1: wee rising, the top of the cloud

Sa Alsplaced o ooagideruble distanes fros
the test site by the tine that it reeched
mariqve sititude. Wind soundiage were act
obtained at H-hour, Therefore 18 te
Beceasary te wee Sotimeted wind directions
eng velocities besed on winds at G400 and

iodo boure, Theae eatimated wind date give
6 movensat of 6.8 miles in @ direction fren
207°, This imereace in distanse between the
@loed and ths theodelite observation stations
Mast be coseidered 1f the tree altitude af
tee cloud ie to be ecustdered:

Tae position of the elowd bas been cal-
eulated by joining together veetors whieh

ere dirested ln socordance with the spper
wind at the 5,000 foot level in question

ted mhich are propertions] ia leagth to the
times that the cloud required to pass through

phe altitads iatervel.

The redii of the cireles sre is nentical
miles, eané the individual rectors ere ides-
tified by figures signifying thousends of

fess. 

yououad

270*
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MIMVTES THAT WIND aCTED GN CLOUD AT EACR

5,000 FOOT LEVEL

The greph of the azimuth angles of
the primary cloud maces shows that the atomic
cloud moved very little borisomtelly during

the firet four aiestes. Because of the
Folatively light winds st lower levele an4
the repid ries of the atomie sloud, wind
date below 20,000 feet ave not bess oon-
sidered im these computations, The tine
istervels gives below have been determined
by @lviding the curve shows op the page
Rate o of A ¢ fata 5,000
foot segments, 2,500 feet om either aide
ef the altitude ia Question, and reading
eff the intersections of the plotted eurre
with the tine orfinstes. These tine
intervela are sogaidered to be the number
Of minutes thet the upper winds acted an

She eloed of each 5,000 feos level.

sk, Miamten

20,000 {2.56 - 1.08) 5 0.48

(2.28 = 1.56) & 0.70

(3.28 ~ 2.26) » 1.02

(4.68 = 3.28) & bao

25,000

30,000

34,000

0,00

45,000

(5.99 = 4.68) o 1.

{7.28 = 3.99) = 1.29

$0,000 (9.23 = 7.28) « 1.95

(12.00- 9.23) = 2.7733,060

Levorss OF VECTOMS DN MAITICAL MILES

Altitote =«Boure Epoty Bautios] Biles

0,000 6.48/80 5g 105

on/io x le

102/60 zg Je

4.40/60 an

1.31/60 De

4.29/60 Me

4.95/60 47a

2.77/60 Me

25,000

30,000

33,000

40,000

207° "



ZEBRA DAY
Location of Center of Rising Atomic Cloud

|
from H~-hour until H~-hour plus 120 Minutes

METHOD OF COMPUTING LOCATION
OF CANTER OF ATOMIC CLOOD TOP AT TIME IT

REACHED MIGHEST ALTITUDE

de the atemie slow! wee asted upon by

the upper wisde during the 12.0 minates
thet it ma rieiag, the top of the cloud
was displaced a comeidereble élstanse fron
the test site by the tins that it reached
merinvn altitude, Tee apper winds et H-hour
have been eotinated by eomsidering deta
obtained several sours before and after
H-hovr, Theee eatimted wied date give 6
sovameot of 4,4 sautioal piles is « direstioa
from 2557, Thin inersese 1m distence between
the cloud end the theodolite observation

stations auat be comsidered if the tree
altitude of the slowd is to be acmsidered. |

Tae position of the eloud haa bees eal-
culated by joining together veotors ahiah
are directed im eccordsnee with the upper
wind at the $,000 foot Level in question end
wbieh are proportions] in leagth to the tine
tbat the cloud required fc pase through the
altitude taterrel,

The radii of the eireles are im neutioel
miles, and the individesl veotdre are iden-
tified by figurwa signifying thousands of ?7O*
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90°

MINUTES THAT WIND ACTED OW CLOUD AT SACH
5,000 FOOT LEVEL

The graph of the agimth angles of the
primary @lowd masse shows that the stomie loud
moved tery little borizontally during the
firet three minutes, Basause of the relative-
ly light winde at lower levels and the rapid
Frise of the stomio elowd, wind deta below
15,000 foet- have aot been sonsidered in these
computations, The tims intervals given
below have teen obtained by dividing tha eurve
shows on the page Rips of the A
Cloud Jato $,000 root segments, 2,500 fest
On either side of the altitude is question,
and reading off the iatersections of the
plotted curve with the time ordinates, Theses
ties intervals are ecasidered to be the
hauber of miuetes that the upper vinds seted
om the slowd at esek 5,000 foot level, Date
up to 25,000 feet have beon eaed for the
primary slowd mess en4 data for %,006 feat
have bows aeed for the aloud projection.

feat, —Jimies

15,000 (20 +2.1) 2 a9

20,000 (94-20) = 24

25,000 (8.0 - 3.4) - 26

3,900 (22.0-10.2} - 4.0 
LENOTHS OF VECTORS DW MAUTICAL MILES

Altitude Hours Egote Magtios)

15,000 0.9/60 5 10 =

1.4/60 3 Ub =

2.6/60 3 2% =

4.0/0 x MO -

 



 

Determinations of Altitudes of Atomic Glouds

The positions of the tops of the atomic clouds at the time that they reached

highest altitude have been calculated in tuo different ways, For XRAY and YOKE DAYS,

one of these positions was determined from the height of the tropopause, the elevation

angles, and the azimuth angles. For ZEBRA DAY, since the cloud could not have reached

the tropopause, the estimate of the maximum altitude was more difficult. Firet, it mos

necessary to mke an estimate of the position of the cloud top fram its azimuth angle

and ite most probable direction of movement from thea test site, (See page 22,) Then,

with all three clouds, the second position was determined from the combination of the

wind vectors and the rate of rise curves. If, on the chart, these second points fall

Close to the firat, it 1s reagorable to aseume that the clouds did reach the altitudes

which were weed in calculating the first points, and that for practical purposes the

beights used in drawing the rate of rise curves my be considered to be the actual

heights.

The charts of Eniwetok also provide a comvenient means of showing the loca-

tions of test sites, the positions of the observing shipe, and the most probable di-

rection of movements of the primary misses of the atomio clouds after the tops had

reached maximum altitude.

XRAY DAY—- Fro the wind vectors and the rate of rise curve the top of the

cloud is onloulated to be 54,000 feet, or below the tropopause which was at 56,000

feet, Nevertheless, because of the plume which formed on this cloud, it is believed

that at least some of tha top of the cloud did extend through the tropopeuse. As may

be noted an ths chart, the distance betwean the two positiona which have been calculated

by using the two different elevations is less than a mile; and the difference in eleva-

tion as determined by either method of calculation is only 2,000 feet, The discrepancies

are sual] enough to have been caused by the manner in which the theodolites were aimed,

In further references the XRAY DAY cloud will be regarded aa having reached 56,000 feet.

’

-40-

 

YOKE DAY— on the secon] teat day the altitude af the cloud as calculated from

the upper winds at H-hour ts 50,200 feet, but the height of the cloud if it reached thea

tropopeuse would have been 56,000 feet, With the same elevation ungle in either case,

the horizamtal distances would have been 19,0 and 21.2 miles, respectively, The first

position represents the effect of an averuge wind of 34 kmots whereas the second positian

represents the effect of an average wind of 46 mote. Theat ia, a difference of 11 or 12

mots in combined effect of the upper winds would have accounted for the difference in

the’ two positions, It is reasonable to assume that the actual winda at the tine the clond

was rising were stronger than the estim:ited winds and that the altitude of the oloud is

nore nearly 56,000 feet.thin 50,200 fevt. Since it is thought that the XRAY DAY cloud

reached the tropopause, it is believed that the YOKE DAY cloud did also,even though there

was no visible evidence. This is based on the assumption that the YORE DAY weapon was

more powerful than the IRAT DAY weapon and the temperature lapse rates on the two days

were similar. In further considerations of the YOKE DAY cloud, it will be ssesuesd that

the wind carried the cloud to the approximate position of point "C*® and that the cloud

did reach 56,000 feet, However, in other considerations, it will be assumed that the

winds which acted on the cloud were the estimated winds, that is, the winds which would

have carried the cloud to point "B", For further discussion of the affect of the wind

on the TOKE PAY cloud, sea page 3ée

ZEBRA DAY — Because of the cloud projection which rose out of the ZEBRA DAY

cloud, it 1# necessary to know the position of both the primary cloud masa and the

highest part of the cloud projection in order to fully understand the behavior of this

atomic cloud, When the position of the highest part of the atomic oloud projection is

computed by either the rate of rise curve and the wind vectors or from its most prob-

able poaition on the tusie of the upper wind directions, it ie found to be in approxi-

mately the same place. For either point, the horizontal distance is 11,0 miles. There-

fore, the maximm altitude of 33,000 fect calculated from this horizontal distance and

the corresponding elevation angle is likely to be close to the actual elevation of the

highest part of the cloud. It should be noted that the center of thea primary mesa of

the cloud 1a estimated to be approximtely a mile behind the top of the cloud projection,

The direction of mouvement of the primary mass mst be draw from point "B" instead af

from the cloud top as in the case of the XRAY and YORE DAY clouds,
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In planning for the Eniwetok teats considerable interest waa directed tuwmrds

the manner in which the atomic clouds would be dispersed in the atmosphere, The spread~
inr out of the clouds is important because of radiological safaty and long range detec-
tion considerations. Also, the behavior of atomic clouds offers a means of checking
theories of diffusion and eddy conductivity in the free atmosphere,

Data on dispersion were obtained by instructing cheervers to sight on each
side of the mushrooms or the prinary cloud masses. It was thought that a rate of dis-
persion could be derived from the increase in size of these major cloud volumes. The
azimuth angles for the sides of the primary masses for each minute hava been plotted
on the graphs shown on pages I-31, I-24, and I-27 of Appendix I. The points were con-
nected by a smooth curve which represents the results from a single observing station
in the position of the Albemarle. Considerable smoothing hea been done in draning
these curves ad the irregularities would not be significant in tha computation of a

rate of dispersion, After the most srobable azimuth angles for each five minute in-
terval were arrived at, the diagrams shown on pages 35, 36, and 37 were begun, First,
the relative positions of the Albemarle and the primary masses at the times that they
reached highest altitude were detarmined, Then lines were dram for the azimuth angles
at the five minute intervals, and the bisector of each of the angles formed by the sets
of lines was found. These bisectors were dram from the position of tha Albemrle :
through the centers of the areas representing the primary masses, but they have been
erased and do not appear on the final diagram. Next, the direction and velocity of
movenant of these primary masses were determined by trial and error methods. Straight
linea vere dram through the positions of the cloud masses at the tine that they reached
maximim altitude and across the lines directed according to the azimuth angles. In seach
case a line could be dram which was cut by the radiating azimith angle linea at more
or less regular intervals, Thase lines are paralld§ to the directions of the wind which
acted on the cloud mases, and the lengtha of the segments of the lines are proportional
to the wind velocities which moved tha cloud material, The directions and velocities ob-
tained in thio manner vere then commared with the estimated rinds and the most probable
directions of movenent decided upon. In this manner the locations of the centers of the
cloud masses were fixed at five minute intervals. Then, with the centers located,

circles could be drawn with circumferences on the two corresponding azimuth enple lines,
In this way, the series of expanding circular areas was obtained. Jt was realized that
the cloud areas were not actually circular, but a circle was thought to be the most
feasible eréa which could be used. These circular areas have been outlined in a manner
rasembling the edges of clouds, and straight lines connecting their perimeters have been
drawn. The intersection of such boundary lines gives an angle which appears to be useful
in comparing the dispersion of the clouda, If the angle were significant, it would go a
log way toward answering many problems of dispersion in the free atmosphere,

Further studies show that these dispersion diagrams have little practical
significance. The fact that the azimuth angle data could be used in comnutations and
that angles of dispersion could be obtained made the construction of these diagrams
seen worthwhile, It was not until thought was given to the size and stmpe of the cloud
at the end of threo hours that it was discovered that these dingrama had little meaning.

The theodolites were oimed at either side of the primary masses, which were ten to
twenty thousand feet thick, In each case there vere significant variations in wind

directions and velocities In such a deep layer of air. Because of the rinds alone
there was considerable increase in tha width of the clouds as seen by the observers,

The theodolites were ained at the edges rhich seemad furthest to the left and to the
right. There vas no way to direct then to aight on the cloud at any particular eleva-
tion and watch the dispersion at just that level. Consequently the altitudes for
which azimuth angles wero taken shifted in accordance with the winds. The level
where the vind velocities were slowest is represented in the angles for the left side
of the clouds and the level of hishest winds is represented in the data for the right
hand side. No trua measure of dispersion was obtainable while the clouds were visible
from Enivetok. However, these diagrams were found to be useful in estimating the
dimensions of tha clouds ag shown in the photogrephs, '

XRAY DAY- Although most of the cloud mterial was concentrated at 40 to 50
thousand feet, the primary masa extended from about 25 to 55 thousend feet, The
right edge of the cloud was urobably close to 45,000 feet, but it is not possible to
decide which level was sighted on as the extreme left edge, nor is it possible to tell
when the observers shifted from level to level as they endeavored to keep that edge in
their sights. For a better underctanding of the actual behavior of the cloud see the
diagram titled » Page 38, and the
photographs, pages 55 througr 63,

i

YOKE DAY~ at the tine this cloud reached highest altitude there wma no
well defined primary mass at which theodolites could be sighted in order to obtain
asimith angle data. The irregular shape of the cloud is shorm in the photographs
on page 65. Then, of the cloud moved away it became shaped as shown in the photo~-
cruphs on pares 66, 67, and 68, and in the diagrams on pages 40 and 41. & theodo-
lite aimed at the top of the cloud at 30 minutes past H-hour would be sighted on a
level at about 50,000 feet for « left hand azimuth angle and at a level of about
35,000 fect for a right hand azimuth angle. The difference between the left and
right hand azdmuth angles is orimarily a result of the differance in wind directions
and Velocities between these tuo elevations rather than the result of diffusion
Processes, Of the three clouds, tha YOKE day cloud was least adanted to theodolite
observations for dispersion studies,

It is interesting to note that the azimith angles for the too part of the cloud
indicate that it was acted on by an effective wind of 60 mots rather than a 43 knot
wind such as was estimated to exist at 50,000 feet at H-hour. This effect of a 60
knot wind is more nearly in agreement with the 65 Imot wind measured at 40,000 feet
at aporoximately two hours before H-hour than with the estinated 43 knots. Also,

the higher wind velocity indicates that the position of the top of the cloud probably
was beyond point "B* and actually close to point "C" in the diagram titled Deter-

A C on page 32. This seems to be additional
evidence that the cloud reached the tropopause. Hovever, in studying the shape of
the cloud at the end of three hours it is thought that the estimated winds are the
most representative.

ZEBRA DAY<The last of the three clouds did have a primary mass which was
more or less wel] defined, and it had left and right hand edges which vere maintained
so that successive observations could be mde. However, the difference betneen the
asimith angles was largely denendent upon the fact that the wind velocity at

See the diagram en page 42.28,000 feet was greater than at 20,000 feet.
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Dimensions of Atomic Clouds
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Three Hours

The best understanding of how the utomic clouds were distersed in the atmosnhere is

obtained from stulies of the effects of the upper vinds at all of the elevations at which

cloud miterial occurred, As explained on pare 34 under the title AcrarentDispersions
Atouic Clouds, an attonnot was mide to study the spreading of the crimary misses of the
clouds by means of theadolite data for each side of the ocritury masses. ‘Acinuth ancle
datu from thegdolites do not take into consideration the differences in rind directions
and velocities which occurred at different levels within the primary masses, and such
data are greatly affected by this variation of wind with altitude. Also, practical con-
siderations of atomic clouds require thet the entire cloud columns be studied rather thon
just the vrimry mgses. In these diayrans azimuth ancle inforwation has not been used.
The shapes of the clouds have been determlued from the extimated upper wind date, torether
with photographs and sketches. For a check, Scale models were mode from these diayrims
and the models were comvared wilh the rhotogrephs. As far as can be determined the shapes

and dimensions of the clouds os show in the djarroms are approximtely the gone as the
actual clouds,

In order to verceive the effects of the wind it 1s necessary to study its effects
for some period of time lone enough for easily recopnized changes Jn slupe to occur. Hire,
a teriod of three hours has been used, After opproximitely three hours the sluipes of the
clouds could not be determined by ground observers or by vhetogrephs made from surface
lerations. Three hours is the longest time interval for which the celculited ahnpes can
be conrared with the aoctunl ahopes,

Uper wind data can be used to coleulute the oc proxiimtea dimensicns of the clouds at
any tine after H-hour although no visual check of the shape of the clouds is possible, &
calculztion besed just on upper wind data would necessarily assume thit cloud material
was not changing elevation because of fall-out or convective activity. Also, the disper-

sion at any particular elevation vould either be neglected or roughly estimated. Insmc~-
tion of photopraphs shows that fall-out of materiel from the upper ports of the atomic
cloudy was not vercentible during the first three hours.

The dispersion at any particuler elevetion because of eddy notions in the atmosphere

4s more important then fall-out in a study of the visille cloud. The process uhich is

resnonsible for the dispersing of air-borne mteris] because of circulir motions, or

eddies, is frequently referred to a3 "eddy conductivity." It is tie factors ulich enter

into considerations of eddy conductivity which determine the rate at which the cloud

apreuds at any one level, Some of these factors ure the horizonte] area of the cloud

miterial, the amount of mtericl] above and below the level in question, the wind shear

at that level, and the temperature lapse irte. Such frctors determine the exse vith

which cirewlar motions can cecur, The eddy conductivity processes in the free utvaosphure

ara not understood sufficiently to m:ke spplieation to this study of the atomic clouds,
Molecular diffusion plays a part in the svread of the cloud, but the spread of material

in this way is not thought to be significant when commred to the much cprenter dispersing

effects of the winds,

The procedure used in the construction of these diaprrus was to drnn the wind vectors

shorm on pupes 15, 16, and 17, to scale in order to represent a three hour movement on a
chart of the Enivetok area. The ends of these vectors represent the positions of the
etomic cloud mitericl at the respective elevations, The amounts of cloud mterinl at these
nésitionsare simil:ted by the areas of the circles dram around the ends of the vectors. 
‘The sises of the circles weredetermined by means of the photoprephs and sketches, The
amounts of cloud miterial at various clevations rere estimated visually by conmring in
a relative monner tha width and thickness of the mterjal with the overn]l size of the
cloud. After the circles nere drawn they were connected by tangents common to any two
consecutive circles, and the area enclosed ras shaded in. ‘here overlapping layers of
cloud occur, additional shading has been added. At levels whare thqre is no cloud mate-
rial visible in the photographs, or where none was seen, the lines representing edges
have not becn removed, but there is no shading, .

 

On these horizotal vrojuctions of the clouds, dimensions have been added, These
dimensions are thouvht to be close to those of the actual clouds as they are largely a
Ametion of thea wind directions and velocities, Errors in aprroximating the area covered
by material at any elevation would not, greatly affect the overall dimensions of a cloud,
When dimensions are given ror tha length, width, or diameter of an atomic cloud, it should
be retlizead that a very irremal:r shape is being deseribed,

After producing the dingraums avrroximting the vievs which an observer would get by
looking dovm an the clouds, the diagrams tere used to rroducec a projection in the wertical.
Such vertical projections very mich resemble the views which were obtained from the ships
or at Eninetok. The width of the cloud in the vertical nrojections is the sams as in the
horizontal projections at the 5,000 foot intervals, but in between these elevations there
there has been neo attemnt mide to esti ule the width. In other words, the ends of the lines
rerresenting the widths at 5,000 foct interwi ls in the vertical projection have bean con-
nected by straight lines, This givea the vertical projections a thinner apnearance than
was observed in the actual clouds, ven so, if these vertical orojections are compared with
the actual cloud sketches and photoeranhs, it will be secon that there is a very close
resemblance. In comparing the vhotogravhy ond diagrams it should be remembered thatthere
was a convergence of the lines which formed the shotograniiie images at Lnivetok, or aboard
one of the observing ships; whereas maralle] lines in a north-south direction were used to
produce the vertical projections. Some of the differences between the diagrams and the

nhotographs are accounted for by this chanre in rerspective.

XRAY DAY~:s thio cloud semirated at aoroximately 20,000 feet, no shading is show

near this altitude, also, since the shotorriehs de not shot the long aru of cloud seeping
back between $0,000 and 55,000 feet, the shading has been elimineted from tit part of the
verticnl crojections of the cloud, This rart of the cloud was studied in the model of the
cloud which was constructed. Lither there wau not enough cloud material at these altitudes
to form this arm or the winds were different from those estimeted, It 1s aven possible that
the moisture in this top vart of the visible cloud evaporated so that it could no longer be

seen after three hours,
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for 30,000 and %$,000 fect.

finver-like rrojeaction nhich ¢ermed or. thlo cloud hae beon constructed from the vectors

has been constructed, wu geen in this cloud belorn about 7,000 feet so no shading is used below that level, The

greatly resembled the diagrams,ao it is thought that a true representation of tha cloud drew, This produced a diecrum which waa remarkably like the octual cloud, No material

dispersion which could be applied to any particular alevatian, The actual YOKE ¢loud the O600 loca] time sounding were used, and vectors for every 1,000 foot interval were

show the futility of en attemnt to sight on a primary mass in order fo determine a rate of elevations. To construct the dingram between 1¢,000 and 20,000 feet tha actual winds for

@ long ribbon which was hook-shaped near the top. An emmination of this cloud share will not be accounted for by drav + according ta the estimated winds at just the 5,000 foot

and the decrease in velocity above this sleyation, the atomic cloud was draw out into zig-zag appearance becuuse of a lonp-chaped structure near its middle, This loop could

YOKE DAY= Cecouse of the mrked increases in wind velocity up to about 40,000 fect ZEBRA DAY — “hen the photographs of this cloud were examined, it was found to have a

(Continued from the previous page. )
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- Explanation of Trajectories  
 

This report on the visible clouds could end with the descriptions of the clouds
at the end of three hours, since after that time there are no records of the clouds
having been seen. However, the report would seem unfinished if {t ended without con-
sidering the obvious question of what happenc to the airborne radioactive material
after the clouds disappeared from the Eniwstok area, The charts which follow show
how the cloud shapes in the preceding diagrams titled

may have been acted on by the upper winds, and they give some in-
dication of the manner in which the cloud mterial 1a essumed to have been spread over
thousands of square miles,

Operational requirements for the long range deteotion program made it necessury
to produce estimates of how the radioactive materials of the bomb olouds were trans-
ported through the atmosphere and to mike day to day forecasts of where the material
was likely:to.go, With present day knowledge and the available facilities for analysis,
it was necessary to consider the atomic clouds as a set of points which wore carried
along at constant levels by the winds. The paths of these points are called trajec-
tories; and on the lines representing these paths, the arrowheads indicate the locations
of the points at 24 hour intervala, A trajectory analysis assumes that the cloud con-
sisted of parcels which were gaseous In nature and which did not change elevation.
Actually, the cloude contained a high percentage of solid particles which continued to
fall cut as the cloud was transported; and the rate that the solide settled cut is
unknown. It is not possible to determine at what altitude the material was at any
particular tims. Also, it is false to consider the clouds as sete of points since
the horizontal dimensians of the clouds is important in determining how tho clouds
were acted upon. By the time the clouds had travelled across the Pacific, they had
bean affected by a miltitude of diffusion processes. The altitude of the cloud mte-
rial was changed by large-scale vertical turbulence such as is found in cumvjo-forn
clouds; and the clouds nere spread out over such a large area as to be dispersed by
the eddy-diffusion effects of high or low pressure systems such as are shown on weather
mape,

Another feature of a trajectory analysis which is wfevorable is that meteorological
theory indicates that an air parcel, or clad aaterial which is moving as a gas, moves
not at a constant elevation, or at a constant pressure level, tut om *isentropic® sur-
faces, Isentropic surfaces are defined aa surfaces of constant “potential temperature,"
and such a surface varies in altitude depending on the preaswe-temperature choracter-
jatios of the atmosphere, This means that the gaseous cloud material prokably uwderwent
merked changes in elevation as constant potential temperatures were maintoined. It also
maens that the wind patterns for large areas on istentropio surfaces my be somewhat dif-
ferent than on constant level or constant pressure surfaces. (The movement, of the
clouds on isentropic surfaces is the subject of a ourrent investigntion under the direc-
tion of Dr. R. Wexler of the U, S. Weather Bursa.)

Because of so many false assumptions, it would seem that trajectory studies are
useless; but when used operationally in long range detection, trajectory analyses gave
remarkably successful results. For thie reason, and because constant level or constant
pressure analyses are a)] that are available to date, these charts are included here.
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Trajectories are dram for parcels originating at the following pressure levels:
840, 700, 500, 300, and 200 millibars. These levels are at approximtely 5,000; 10,000;
20,000; 30,0003; and 40,000 feet, respectively. The data for these pressure surfaces
are transmitted over worldwide mpteorological networks; and since tha heighta of these

pressure surfaces are necessary for estimations cf upper wind conditions, the computations
of trajectories are facilitated if these levels are used. By noting combinations af tra-
jectories at these "standard" levels some idea of the trajectories for intermediate levels
de obtainable; however, a study of the 25,000 foot trajectory for YOKE Day showed that it
wos quite differant than either the 20,000 or the 30,000 foot trajectory. It wis not pos-
sible to do any trajectory work at a1] above 40,000 feet because cuteide of the Eniwetok
area there ware no upper wind data above that altitude, Two sete af upper air charts
drawn from observational data collected and analyzed on « 12 hour basia were used daily
in trajectory computations,

The trajectories presented here are based on the data which were available te the
Staff Meteorologist. Consequently, for the Marshal? Island area, these charts are thought
to be more accurate than any other similor charts; but they are less waluable as distance
increases from the test sites, As the distance increased from Eniwetck there waa an at-
tenuation of the amount of meteorological data received. All of the soundings from the
concentration of upper air stations operating in the Marshall Taland area for the) needa
of the' Task Force were available aboard the 0.8.5, Ut. McKinley; but these data, expept
the soundings from Kwajalein, were not tranamitted to unite outside of the Marshall
islands,

The structure of tho atmosphere over the Marshall Islands during the season of the
SANDSTONE Operation and its effects in producing somewhat similar trajectories are worthy
of note, During thio perlod, easterly winds, the trades, are no found from the
surface to approximtely 15, or 20,000 feat. At about that elevation there is a
transitionul region of variable winds, Above 20,000 feet the wind is westerly, and
nesterlies prevail to the otratosphere, Generally speaking, this caused the material
below 20,000 feet to apread toward the Southwest Pacifis or the Philippines and the
material above 20,000 feet to spread toward Mexico or the United States, Such an upper
wind structure is normal for the Marshall Island area during sesson when the trade winds

predominate, 4 study, not included in this report, we nade of the trajectory patterns
for alr parcels originating over Eniwetok daily for a period of 30 days begdaning on
Murch 22, 1948, and ending on April 20, 1948, This study sbowed that parcels originating
over Eniretck at altitudes from 5,000 to 10,000 feet normally moved wostward and passed
over the Philippine Islands within two weeks, Parcels at 20,000 feet did not move can-
sistently in any particular direction, In this transitional sone, some of them moved to
the east, some weat, and a few moved into the southern hemisphere where upper air data
Were unavailable. The 30,000 and 40,000 foot trajectories invariably moved sastward,
normally passing south of Hawaii, and reached Mexico within six to aight days after their
origin at Eniwetok,

The effecta of the trajectories on the testa days were to stretch out the aloud
material to the wast and to the east in a band which continually increased in length.
If no foll out is considered, the cloud may be assumad to be « ribbon~Liks atructure
which was slanted downvard from east to west. That is, the clouds even after several

days mintained smpes similar to those show in the vertical projections on the
preceding pares, .
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Explanation of Trajectories (Continued from previous page.)

XRAY DAY tie upper winds over the Eniwetok area near bomb time on XRAY Day indi- ZEBRA DAY-~2 study of the upper winds over Eniwetok Atoll on ZEBRA Day shows the
cate that air parcels renresenting the cloud at the 5,000 and 19,000 foot elevations winds beclinc from southeusterly at 5,000 feat to southwesterly at 10,000 feet and then

moved off at an approximate apeed of 12 Imots toward the west-northwest and northwest, to west-scutimesterly at 20,000 feet and above, The 5,000 foot trmjectory went to the
respectively, The constant pressure charta for 850 and 700 millibars subsequent to nortimest after leaving Eninetok and changed slowly to the west and west-southwest an
bomb time show the material continued to move to the west at varying velocities with the second ond third day. Similerly, the 10,000 foot trajectory which started moving to
the 5,000 foot trajectory passing 300 miles north of Guam in about § days, This time the northeast chanred rupidly to the sest after 24 hours and continued on a westerly
difference was due to the lighter winds found at 10,000 feet in the area between heading, However, on the third and fourth day following ZEBRA Day, a typhoon in the
Cniwetok and Guam, The 20,000 foot trajectory proved to be quite complex due to light vicinity of Gunm cuused the 5,000 and 19,000 foot narcels to increase rapidly in velocity

and variable winds over the Marshal] Islenda on ERAT Day. By using the 500 millitmr con- and nove to the northwest. The 2C,000 foot trajectory wis leas doubtful on ZEBRA Day
stunt vressure chart, an average movement was commuted rhich showed the materinl at that thin on the vrevions test days, Fairly strong and consistent winds at Eniwetok, plus a
level started off to the east, Howaver, on the following days, light and variable winds steudy wind flow on the 500 miliibar constant pressure chart, indicate that the trajectory
nt that altitude persisted; so that the resulting trajectory indicated vary little move- moved directly towards Midnay Island and reached Midway in 72 houry. The 30,000 ond
ment fron the Eniwetok area for a period of approximtely eight days. Due to the light 40,000 foot trajectories left the Snivetok area with moderately strong westerly winds and
and varjable winds over such a long period of time, it was very doubtful as to when the continued moving to the east. The 3C,000 cnd 40,000 foot trajectories passed south of
milerial actually left the area, The 20,000 foot trajectory is, for this reason, of Havadi in sppro:cimatcly 3 and 2 days, resvectively,
doubtful walue. The 30,060 and 40,000 foot trajectories are much more renresentative.

A study of the vind over Eniwetck on IRAY Day showed versistent west-scuthwest and south- j
west winds at these lewels which caused the cloud materials to move off to the east-
northeast and northonst at the velocities of 12 and 25 knots, resnectively. Subsequent
upper air charts show the material at 30,000 and 40,000 feet gradually shifting 30 that
it headed in a more easterly direction with the 40,000 foot trajectory passing south of
awaid in two and one-half or three days, The 30,000 foot trajectory passed south of
‘Inwaii in epproximately three and one-half to four days,

YOKE DAY>-the trajectories for 5,000; 10,000; 30,000; and 40,000 feet followed a
pattern sinilar to thoee for IRAY Day, 4 atudy of the winds aloft over Eniwetok for
YORE Day shows easterly (& to ESE) winds to near 16,000 feet shifting slowly through
south to southwest at 30,000 feet and above, As might be expected, the 5,000 and 10,000
fool trajectories moved off to the west and weat-nortiwest, Using the constant pressure
charts to extrapolate wind velocities and directions, it was found that the 5,000 and
16,000 foot trajectories continued moving westward, passing south of Guam in approx -
mately four dayr, and reached the Philippine Inlands in approximately seven to eight
days. The 20,000 foot trajectory started to the north from Eniwetok and ms then caught
in a belt of easterly winds, These easterlies caused the mterial at the level to veer
to the west and reach the Guam area in approximately four days also, However, due to
the variable wind conditions over Eniwetok on the test day, thie trajaectcry could be
emuidermbly in error although there is less doubt about it than the trajectory for the
same altitude on TRAY Day, The 30,000 and 40,000 foot trajectories moved off rapidly

to the northeast from Eniwetok. The subsequent constant pressure charts for these levels
showed the winds shifted slowly back te westorly and caused the trajectories to pass

south of the Hawaiian Islands, The 40,000 foot trajectory passed the Hawaiian Islands
aren in approrimately 48 hours while the 30,000 foot trajectory arrived 72 hours after
bomb tines
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The trajectories represent the movement of a parcel of air from

the Eniwetok area commencing at *bomb time". Each arrow-head

represents a 2 hour movement. The date-time group (GCT) at the

end of each trajectory represents the date and time (GCT) at which

the indicated trajectory reached that position.

XHAY DAY TRAJECTOIES
Beginning. _.

April 14, 1948 | 1830 GCT

Prepared by:
Joint Task Force SEVEN

Meteorological Unit, 
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end of each trajectory represents the date and tine (GOT) at which

indicated trajectory reache

The trajectorles represent the movement of 4s parce] of air from
the oniwetok areas commencing at "bomb time", Each arrowhead

representa a 24 bour movement, The date-tiwe group (GCT) at the
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Sketches of the Atomic Clouds
As explained previously, it was not possible to make photo-

graphs during tha time that the clouds were in the mushroom stage. For
about the first ten seconds the clouds were in the firoball stage and
were lighted from within by incandescent gases; but after these gases
cooled, there was no light for photogruphic purposes wmtil after sunrise.
The blue~violet luminescence did not photograph or provide light so that

Photographs of the clouds could be obtained. However, the blue-violet
glow did illuminate the clouds so that they wore easy to see mtil they
rose high enough to catch the firet of the morning twilight. By the

time the luminescence had faded, the upper parts of the clouds were
high enough to catch sufficient light to show their details clearly.

Throughout, the time that the clouds were visible, they were
being rapidly sketched for the purpose of correlating theodolite data,
These rough sketches-are the only records of the shapes of the clouds
during the time that it was impossible to make photographs, Therefore,
since photographs of the mishroom stage are non-existent, it waa decided
to make the fullest use possible of the sketches in order to describe
the complete histories of the clouds.

Most of the sketches were very crude since met of them were

completed in less than one minute, and some of the sketches were affected
by the preconceived ideas and imaginations of the observers; but by com-
paring three or more separate sets of sketches reasonably good pictures
of the clouds were obtained.

XRAY DAY-i0 my be noted in the sketch, there was considerable
natural cloudiness at H-hour. The tops of the cumlus averaged 8,000

feet and a few reachad 10,000 or 12,000 feet. There were also fracto-
cumilus, and thin stratus around the tops of the cumulus. Passing rain
showers had occurred in the vicinity of the test site. The natural
clouds, together with darlmess obscured the atomic cloud at altitudes
below 10,000 feet, The XRAY Day cloud had the most pronounced internal
circulation characteristics of any of the mushroom clouds, In fact,
the cloud wery much resembled the ABIE Day cloud at Bikini. The sketches
show several short clow) streamers, or spurs, projecting out of the bot-
tom of the cloud as was seen at Bikini; and some of the observers re-
corded an ice cap, or a smooth veil of cirrus draped over the mushroom
at about H-hour plus five minutes. As the cloud rose, the stalk or stem
elongated and became smaller in diameter; and at nine minutes and thirty
seconds past H-hour, the break which is shown between upper and lower
cloud masses occurred, This separation occurred at about 20,000 feet.
Just below this break, which occtrred in a region of wind shear, the
stem of the cloud dispersed and left an irregular patch of smoke and
dust. The lowest part of the cloud, which greatly resembled the other
large cumulus nearby, remained visible util H-hour plus twenty minutes

and then became lost among the other clouds.

 

—48-

YOKE DAY- the quantity of gaseous constituents in the fireball
appeared to be noticeably greater on YOKE Day than TRAY Day, At
first, the cloud began to take the characteristic mushroom shape; but
for some reason, perhaps its size, the cloud was not able to form cam-
pletely the ring shape circulation seen in previous clouds. The pri-
mary portion rose as a gigantic bubble of gas without a well defined
internal circulation. By the time the cloud reached maxinun altitude,
there appeared to be a diminution in volume of the gas bubble because
of the large quantity of material left behind in large irregular
masses, This cloud seemad to contain little condensed water vapor,
Instead, it seemed to consist almost entirely of dust and smoke, At
H-hour plus sixteen minutes, the lowest part of the cloud resembled
a swelling cumlus clow reaching to 9,000 or 10,000 feet. This cloud
moved away in the easterly winds at low elevations so that there is no
record of it after this time.

On page 50 is shorm a sketch of the YOKE Day cloud at H:
plus one hour. This sketch has been drawn from a colored photogra
which shows the same view as the black-and-white photogmph on page 69.
Unfortumately, the black-and-white photograph did not print very well,
and it is not possible to reproduce colored photographs in this report.
Therefore, this sketch is the best available means of showing the shape
of the cloud,

ZEBRA DAY-this cloud had the familiar mushroom form, but the cloud
did not have a well defined circulation after the second minute. Fro
the third to after the eighth minute, there was little change in the
general shape of the cloud; but by the ninth minute, the finger-like
projection which rose out of the top of the cloud could be plainly seen,
This projection rose an additional 5,000 feet above the top of the
atomic cloud and reached maximm elevation at about plus 12 minutes. At
about the fifteenth minute, the finger-like part of the cloud broke away,
but it never did get far from the min body of the cloud. At about the
tenth or eleventh minute, the top and bottom of the cloud had shifted
so that the top wis east of the broad stom, and observers on the U.S.8.
Bairoko were able to look up into the base of what hed been the rising
wushroom head, These observers atated that the cloud, viewed from the
bottom, had a hollow appearance and looked somewhat like a amoke-ring.
There was more cloud material in the edges of the clow! than in ite
center. This cloud also had a cumulus-like formation in its lowest
portion, Thia cumilo~form cloud grew util it reached about 8,000 feet
and then disappeared as it moved off to the west,
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PHOTOGRAPHS OF THE ATOMIC GLOUDS
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Explanation of Photographs

Although many feet of film were used during Operation SANDSTONE to photo-
graph tha atomic clouis, vary few pictures suitable for a scientific report on the
clouds resulted. Since H-hour was before daylight, and because the atomic clouds
had become sqmethat diffused by the tine sufficient Light became available, most
photographs of the weapon phanomwena show only the hemispherical condensation clouds
or the fireballs. Most of the film used for the clouds wis so completely under-
exposed that it printed completely black. The resuits fron the IRAY Day cloud were
very disappointing to photographers who had hoped to obtain pictures of the spectac-
ular masbroom. Fewer pictures of the YOK Dey cloud were attempted, and almost none
were made of tha ZEBRA Day cloud. When sunlight for photographs was available, the
clouds were being dispersed; and the photographers did not make mny pictures of
cloud shapes which to them did not seem sufficiently well defined to be of Intorest,
After two or threes hours the clouds bed many characteristics of mtural clouds, eo
that to an minforned cbeerver, they did not appear to be particularly significant.

dnother feature of the atomic clouds which was discouraging to photographic
personnel was that as the clouds dispersed, the cloud material extended over such a
large area that it was impossalble to frame all of a particular cloud in a single pho-
tograph. No camera had a wide-angle lens suitable for such a large coverage, and
there was no attempt to adapt a camera for terles of panoramic views. In assenbling
pictures for this report, two photographs have been joined side by slide if they give
a more compliste representation of a cloud even though the two photographs may have
been made at slightly different times.

It hea not been feesible to make neagurements of the clouda directly from
the photographs. This ie primariiy because the distances to the clouds are not suf-
ficiently well determined, It 18 such easier to mike measurements fran the theodolite
data and the sketches than to use the photographs,

Such data as are available from the calculations on the preceding mges Inve
been added to the photographs. Tha shape of the top of the TRAY Day cloud we such
that the diagram titled on page 35 could be used
to obtain « rough idea of ita djameter, tut the simpe of the TOKE Dey cloud ws such
that this type of dispersion analysis was not applicable. No pictures of the ZEBRA
Day cloud are available wtil about H-hour plus 45 sinntes, 15 minutes after the tine
that it became necessary to end the apparent dispersion analysis because of the poor
quality of the aximuth angle data. There is no my of adding dimensions to the pri-
mary mass to the photographs of the ZEBRA Day cloud except by mean’ of the upper winl
vectors, and this does not seem to be worthwhile since the effects of the wind struc-
ture on the shape of the cloud are shown on page 42. However, the lengths and widths
of the TRAY and YOKE Dey clouds have been entered on photographs made one hcur past
H-hour. These data bare been determined from the estimated winds and the diagrams
titledCloudsHours. Where altitude dita are
given, 5,000 foot intervals are used in most cases because the wind deta selected for
detersining the shapes of the clonda were for 5,000 foot olevations my.

A better umerstamding of the shapes and sizes of all of the atomic clouis
4s obtainable by using the photographs in conjunction sith the diagrams titled

DimensionsofAtomicClouds atEndofThreeHours, beginning on page 39.

The quality of the majority of the cloud photographs included here ia poor,
Very few of the pictures lave contrasts euitable for half-tome reproduction, and many
of the detaile which were evident in the original photographs were lost in printing,

A few colored photographs of different views of each ofthe atomic olouds
exint, but the type of printing facilities available prevented the use of color in
this report, However, the colors of the clouds will be described as the photographs
of each test are discussed below.

XRAY DAY-Excopt for not showing the colors of the cloud, these photographs
give 5 reasonably good portrayal of tha cloud up to H-hour plus three hours. With
this cloud as well as the other two clouds, the coloration was largely determined by
the amount of sunlight available. After the blue-violet of thea luminescence faded,
about three or four minutes after H-hour, tha clowl appeared to be a dnl white, while
the naturel comilus appeared a dirty grey. At about H-hour plus ten minutes, the upper
part of the TRAY Day cloud appeared white and the lower portion had a dirty, smoky
color. Than at H-hour plus twenty ainutes wtil H-hour plus thirty minutes, the upper
portion of tha cloud took on the wiwid colors of the sunrise, ‘The east side of the
mushroom became a brilliant reddish-orange, while the remainder of the clowl remelned
a dull white, 4a ths sun rose higher, this coloration apread over the cloud and be-
came less brilliant. The cirrus-type pluse sleaye appeared much whiter than the pri-
mary cloud, and showed up vividly against the background of dark blue aky. In direct
sunlight, the globular mass bad a cream colored appearance when contrasted to the in-
tense white of the cirrus plums or to natural cirrus. Even when the'top had spread
until it greatly resembled natural cirrocomulus, the slight coloration was noticeable.
The lower portion of the IRAY Day cloud, which appeared to conaist of aacke and dust,
had a distinct reddish-browm color that persisted as long as it could be seen,

YOKE DAY-aithongh photographs of this cloud from the surface were not pos-
sible until about H-hour plus 35 minutes, cameras in aircraft, sbere the cloud uaa
silhouetted against the light in the eestern sky, gave usable pictures as early as
H+hour plus 15 minutes,

Tbe photograph of this cloud on page 68 does not show the shape of the cloud
as well as would be desired, but a color photograph mide at the came tine shows the
detaile clearly, The color photograph bas been used to make a sketch of this cloud.
This eketch ie presented on page 50,

At about fifteen minutes just after H-hour, the rising sm colored this
cloud a dark reddish-orange. After that time, the orange faded into a dirty-yellow
and then into a yellowish cream color. The color of the stem of the cloud was the
reddish-brown color of the saoke and dust of which it consisted, At about B-hour
plus one hour, the time that the photograph on page 68 was made, the stem appeared
reddish-brom even io direct eumlight, The top portion of the cloud, between 35,000
ani 55,000 feet, appeared as a broad band of clrrocumlus, and ms alecet white.

ZEBRA DAY-is fer es 18 know, there are no original black and white photo-
graphs of the ZEBRA Day cloud, The pictures on peges 69 and 70 have been reproduced
from colored prints,

When the em show on the ZEERA Day cloud, the entire cloud was the sane
reddish-brown that had been seen in the etems af the previous atomic clouds, There
seemed to be little or no moisture to give whitenesa to any part of this cloud,
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Lower fortion of the Atumic Cloud. Thies picture was first thourht to be the lett

.

side of the upjer part of the etomta cloud, but close erenination showed thet the A
distant view of the Atomic Cloud. The alrereft 4.o flying aceoukere te the’

ares in the lerpe black cirole wae the same ap the urea in the smil white circle t

fn the picture on the right band side of thie pase. The cirrus-iike nature of reneeeedabiokthon theabatespree should be compared with the diegrems.

even the relatively low part of the atomic cloud indirectly shows that the upper the ature! cloud! bese “rhe ve of the eloud at the end of three hours, Moke

pert of the cloud did 70 to stratospheric altitudes, and thet the 55,000 foot Atoll on ERAY DAY can be clewriyeve weather which prevailed over Eniwotay>:
r on. , et

. we bale!
oslouletion fur the top 1s not unresscnable. There iv some beturel cirsus

slouds @long the horizon, The-aircraft from wnoich the photo ruph is mado is

over the Eniwetok Lavoon and the ialeud partially covered by clouds te Kngebt.

. -H-hr. plus 3 hrs.H-hr. plus 2 hrs. 45 min.
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YOKE DAY  

 First itctures of the xtomio Cloud, Notw the dusty, smoky appearence of theFirst Picture. of tus Atomic Sioud., It fs fervunnte thot the atemie cl ud was
Silhouettes ecerest tee Shout of dewy wil Gut teese remit le pictures were atowte cloud, The iiaueter of vhe upper part is roughly six miles, Im this
obthived. Note that tue cumudis-1ike clout wilen formed at the bese of the Pextuvrapb the anvil-lice top of this cloud may be geen, The sureading out ~atomic cloud can ve seen at the extreme left. of thia epvil fe thourht to have indicuted the arrivel of the top of the

atomic cloud at the atratospherie inversion,

H-hr. plus 15 min.
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Peeeeee
Upper Portion of Atomia Cloud as Viewed from Eniwetok, Darkness° revented

_ better photopraphs from the surface. Beat photographs of the atonde clouds
4n their eerly stages were made from aircraft where the cloud was silhouetted
ugainst the first light in the eastern sky,

H-hr. plus 35 min.
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10,000 ft.

View ¢ Complete ati cl. fote dusty, smocy oppenrence of cloud iu tts lower jorts,

Aotusliv tha ol «4 cop ope td de ij Jud otest oortti: ann ds abown in thie photogreph.
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Murliest Efetura of te Atomfe Clout. The orimary masa and the remains of the

finveliie tay ett fyG ate Tot. ey the projeetton has heoperated itself

fis ta gee owe. oth o£ bgt ke a 5 uf the ZEBRA Day cloud were
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Conclusions

The following discussions will be confined to phenomena preduced by air bursts.

1.

EarlyDeveloment

of

anAtomic

Cloud:

Important factors affecting early development of an atomic cloud are as follows:

bd,

Cc.

de

Energy

ofWeapan: The energy of the weapon will be the wost important

factor in determining the size of the cloud in its initial stages. Also,

there is a relationship between the energy of the weapon and the altitude

of the burst which affects the shepe of the cloud.

Tomperatureof

the

Air(JepseRate);

All of the airbursts at Enivetok

and at Bikini were under very similar temperature and lapee rate condi-

tions. Although it is reasonable to assume that differences in atmos-

pheric structure would produce significant changes, little or nothing

4s knom about the effects of lapse rate on the shape of atomic clouds.

iH. Att qT 3 Judging from the xRAY

Day cloud, the fact that the cloud acquired moisture in its early stages

by passing up through wet clouds, or by picking up water which had been

in the form of droplets on the tover or near the test site, greatly af-

fected the character of the primary mess by the time thet 1t reached

maximum altitude, ‘ater content was also important in the disperaion

of the visible cloud.

Characte
r

of

the

Surface
s

Where an sir burst ocours at an altitude as

low as 200 feet, considerable quantities of loose material from the

surface follow the fireball as it rises, and some of this mterial

mixes into the mushroom itself. Over s sandy, dusty surfaco, there is

naturally more cloud material. Loose mterial of this nature contributes

to the fall out of radioactive mterial from the cloud.

f.

ofWeapon: The higher a weapon of e given energy, the less

material is likely to be swept up from the surface and more perfect the

mushroom, It is believed that the treak which occurred in the IRAY Day

cloud was related to the altitude of the burst, as well as wind structure.

It seems that when the burst occurs at a relatively high altitude, the

mushroom rises faster than the stem and a break in the cloud is likely

to result. It 1s further believed that the YOKE Day cloud was misshapen

because it was at a low altitude with respect to its initial energy.

SurfaceWinds: The winds at low levels do not bave much effects on

ataaic clouds in early atages as at first tha clouds seenito rise nearly

straight up.

2.ofClouds

With respect to the SANDSTONE clouds, the energy of the weapons was the greatest

contributing factor to the mximm altitude.

It does not seem that the lower altitude of the ZEBRA cloud can be attributed

to meteorological conditions. Where sufficient energy is available, the clouds rise

until they reach the tase of the stratosphere, at about 55,000 feet in the Pniwetok area,

3. Dienarsionof anAtonda Cloud:

factors:

The shape af an atomic cloud in its later stages depends on the following

a.atAltitudes: The amomt of mterial which

4s originally distributed at different altitudes largely determines the

shape of the cloud throughout its later history, An examination of the

three SAIDSTCNE clowis shows that there is considerable variation<in the

amounts of material at different altitudes,
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b.

Ge

a.

eo.

f.

ee

apey,. Mere ow ms

WindDirectionand

Velocity

atParticular

Altitudes: The most important

factor in sbaping the cloud as it to dispersed is the transport of the

cloud mterial by the upper winds. In any determination of the smpe of

an atoaic clout, or the location of atomic cloud material, the wind direc-

tions and velocities at particular elevations are of primry iaportence,

DifferencesinVind

Direction

sndVelocitywhichProduce

ShearingActiuo:

Where considerable differences in the wind direction or wind velocity

occur with respect to altitude, an atomic cloud is spread out as ms the

top of the RAY Dey cloud ar stretched out into a ribbon as was the TOKE

Dey cloud,

fateofFpl}

Out

of

Materials The dropping of material to sucosssively

lower altitudes because of the effecta of gravity greatly affects the

sbape of an atomic cloud if perioda of tine as long a@ days or wenks are

being considered; however, fall out is so @low that it cannot be detected

visually, There does not seem to be any peed of considering fell out

when determining the shape of en atomic cloud three bours old, Wo defi-

nite figures on the rate of fall out are yet available.

CondensationofTater

Vanor

anCloud

Nuclei: It appears that there may

have been condensation of waiter vapor on the cloud nuciei ip the upper

sections of the XRAY Day cloud shich would account for ite large sree

end its resesblance to naturel cirrus.

Evaporationof

TaterDrontetg: The cumlua-like formations et the lower

and of the atomic clouds were lost from sight within 15 ainutes and

evaporation is thought to be a contributing factor to their disesppear-

ance. It.is thought that water vapor can both collect om atomic cloud

anditions.

metorial or evaporate from it depending on the ataoepheric ¢

(continued from previous page)
   

7. Convection:

The topa of cumulus clouds in the Eniwetok Area averaged 6,000 to 8,000 feet.

Occasionally cumulus ranged 10,000 to 20,000, and infrequently they extended to 30,000.

Cumulonimbus which range to the base of the stratosphere are a rarity in regions sbere

atomic clouds are Likely to be present. Therefore, most of the radionctive mterial

in an atomic cloud is likely to be above the region where it wil] be affected by naturel

convection.

8.ofPrecipitation:

Tha freezing level in the latitude of Enimetck is fros 16,000 to 20,000 feet and

it lowers in high latitudes until it reaches the surface. Most of the radioactive mte-

rial is likely to start out above the lewel when it can be washed from the ataospbere by

rein. Some of it will be trapped into ice cryatals, but thie effect is thought! to be

less effective than the washing action of rainfall,

9. Diffosicn:

The circular motions in the atmosphere of avery eize which range from almost

sicroscopic eddys, through the convective cells that produce cumulus clouds, to the high

end low presmire circulations which cover thousands of square miles are the most important

factor in determining the volume of the cloud, or the area covered by it.

10, Dittuston:
The effects of wind and eddy diffusion are thought to be of amch greater effect

in determining the dimensions of an atomic cloud than molecular diffusion,

11. Observations:
All three of the atomic clouis were observed on the SP radar of the 0.3.95. Bairoko.

The IRAT Day cloud lasted 4 mimates on the scope, the TOKE Day cloud lasted 12 almtos, and

the ZEBRA Day cloud is thought to have lasted 2 hours. Nothing conclusive wa learned with

regard to radar observations,

Note: The figure on page 7) snows She internal sotions within an atomic cloud in its
{nitial stages. It t+ Intereeting to mote that because of the circular
within the mushrooe, the upward velocity in the center of the a
approximately twice that of the top of the atomic cloud,

 

motion
ushroom may be
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IMPORTANT FACTORS AFFECTING EARLY DEVELOPMENT

Energy of Weapon

Temperature of Air (Lapse Rate)

Moisture Available (Water Vapor or Liquid Water)

Character of Surface

Altitude of Weapon

Surface Wind (Winds at Lower Levels)   
Incandesent Ball Mushroom Cloud

Time: plus 3 seconds Time: plus tO seconds Time: plus 2 minutes

Diameter: 1/2 mile Diameter: 3/4 miles Diameter: {| 1/2 miles

Altitude: 6,000 feet Altitude: 15,000 feet

The figures given are approximate and apply to atomic clouds in general.



a (rn

Shape of Visible Cloud in Later Stages

Depends on Following Factors:—

t.

2.

C
N

O
M
A
N

lO,

Amount of material at different altitudes.

Wind directions and velocities at particular
altitudes.

Differences in wind directions and velocities
which produce shearing action.

Rate of fall out of material.

Condensation on cloud nuclei.

Evaporation of water droplets.

Natural convection.

Washing action of precipitation.

Eddy diffusion (turbulent diffusion).

Molecular diffusion.
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: Recommendations

l. Keteorclogical A acientific metecrological program should be

a part of the overall acientifice observations mde during atomic weapon tests. A destrable

scientific program should include the following kinds of activity:

a. Research and developmental work on observational tectmiques and instruments.

b, Coordination of plans with other scientific groups having common interests.

G. Observational work at the scene of the test.

d. Anslysin of data collected, and the preparation of reporte for publication.

2.

UpperWind

Observations: Among the first requirements of any study of atomic cloud

phenomena are adequate upper Find date. The maximom altitude of the soundings should be at

Least 10,000 feet above the maxims altitude that the atomso cloud 1s expected to go. (In

the Eniwetok area wind soundings to 65,000 or 70,000 feet are required.) The frequency of

tha soundings should be such that at least three different sets of data are available for

estimating the effects of the winds during the period the cloud will be rising, For three

hours before and after the first time, soundings should be at one hour intervals; and for

one day before and after, thay should be mde every three hours. For anulysis work, seversl

soundings are preferred to a single sounding. Where it is likely that some scundings will

not reach the required maximum altitude, additional soundings should be scheduled, Recorded

or coded data should be written in 1,000 foot intervels for a1) elevaticns when atomic clouds

are under consideration.

3 Observations s Dependable upper air observations of tenpereture and

humidity which reach well into the stratosphere are also a requirement for atonic cloud

studies, To be of greatest value, there showld be at least two soundings which will show

the structure of the ataoapbere at the time of formtion of the atomic cloud.

waht,tS
SEE.peri -

4. Observations: 4A photo-theodolite capable of making a picture of the

cloud, which would include the asimuth angle, the flevetion angle, and the time, would be «

very useful tool for a study of atomic clouds, However, if the tests are conducted in dark-

ness, visual observations with sketches will continue to be required, Rigidly mounted shore

type theodolites are recasmended cover ahipboard theodolites, Also, theodolite observation

stations should be connected by telephone or short range radio, so that obeervations can be

better coordinated. ,

5. Pbotoermmatry: The task of photographing atomic clowls show]d be given to experts

dn photogrammetry, All of the different methods of measurement by photography which

could be applied to cloud observations should be tried. In particular, experiments with

Bsterecocople tecimiques should be attempted. Also, photographic personnel should 'ba equipped

to wake pancramio views of the dispersed clouds, Operational orders abould specify that the

director of photography will work in close omjumction with the acientiflc meteorological

progrem. The orders should also specify that the director of photography will furnish dimen-

sional data sufficient to construct models of the cloud, should a model be required.

6. Observations: Photographs or records of visual observations from aircraft

tan show many features of the cloud that cannot be recarded in any other way, In the case

of the IOKE Day cloud, photographs were possible from aircraft before they were possible fros

the shipe and island bases, Airborne observers’ can also follow the visual cloud longer than

observers on the surface, It is ectimated that airborne cbeervers could bave followed the

SANDSTONE clouds during sost of the daylight hours on the test days, whereas obssrvations

from the surface were not possible after three hours. Another cbheervyation which an aircraft

can make which cannct bs made safely any other wy is visual or photographic coverage of the

lowest part’of an atomic cloud where fall out occurs to the surface, Anything which could

be learned with regard to fall out from the lorest part of the cloud would be very weful for

radiological safety studies.

Aircraft should also be used to obtain sore information on the cusulus-type formation

that occurred over the test sites, and which were a feature of the bottas part of tha atonic

clouds,

 



 

 

Appendix I

Meteorological Report on the Visible Atomic Clouds —

Operation SANDSTONE

DISCUSSION OF OBSERVATIONAL TECHNIQUES,

WORKING CHARTS, AND THEODOLITE DATA
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| Discussion of Observationat Techniques , qT

The Official Report of Operation CROSSROADS contains the following statement con-
cerning the atomic cloud formed on ABIE DAY at Bikini, 1 July 1946:

"The fireball rose initisnlly at the rate of more than ome lamdred alles per
hour. Within twenty seconds it transformed itself into the fireless head
of the mshroos, now one mile high. Two minutes later the mushrous'a al-
titude was five miles; five minutes later it was seven niles, one mile
higher than Mt, Everest,"

The figures stated are rough sstimtes prepored as an afterthought. Techniques for
Beasuring the cloud were not considered in the CROSSROADS Operation plen, Data on that
cloud consist of eye witness accounts from eurface and airborne observers, information
derived from the operation of the drones, and photographs of the mushroom. Observore on
at least one ship used a meteorological theodolite to make altitude determinations, but
no considerations were given to movement by the upper winde or to the shape of the clouw.
Such data as were obtained have not bean useful for scientific work, Thercfore, when it
wes decided that cloud measurements were to be a part of the scientific peteorological
program, a technique had to be devised and instructions issued in order that satisfactory
data would be obtained,

It was not known what kind of would be produced by the weapons, but since
the weapons were to be tested in the air, it was assused that the clouds would be similar
to those observed on ABIE DAY. Also, it was not knom at whet time of day the tests would °
be conducted or to what extent photographs could be used. It was not practical to bring
additionsl instruments or personnel into the area for the purpose of mking clouc observa-
tions, or to establish an observing station separate from the USS Albemrile, the USS
Baircko, the USS Curtine, the USS Mt. McKinley, or Eniwetok. This meant that cbservations
would have to be mide with the ordinary weather instruments at hend snd that the bese line
for observations would be short. The shipe were to be grouped together and were to be
positioned almost in the line of sight from Eniwetok, The ships were too close together

for a base line to be eatablished, but were sufficiently far apart far observers to get

significantly different views of the clowl. The weather etaticn at Enivetok was 60
located that the XRAY DAY clowd could hardly be seen and little we could be made of the

data obtained for YOKE end ZEBRA DAYS. There was no possibility of commmicating betreen

the stetions and directing stations to sight on the same point at the ssme tims. There-
fore, a scheme was devised whereby data would be entered on sketohes.

At the time the weather atations ware directed to collect data it was not know just

how the data would be used to perform the desired operations for weasuring the atomic

clouds; however, it was decided to collect as much data as practical and than determine

bow it could be used. After MU DAY the sketches end data were exanined, and a procodure

for processing the data wae arrived at by trial and error methods, The date for YOKE and

ZEBRA DAYS were processed in somewhat the same manner as those for IMAY DAY, however, there

were differences between the behavior of each of the three clouds which mide it necessary

to interpret the dats slightly differently.

In dicular, the elevation angles obtained by sighting @ the highest part of the

cloula gineAiffertnt siuped curves when plotted, and altitode calewlatioos bad to be made
in a somewhat different manner each time, At firet, an attenpt mes wade to consider each

observation station individually and to make conpletely separate calculations for each

station so that final results could be compared. This proved to be ioprectical, so it wns

decided that it would be best to consider all of the ships as @ Single observing atatian

located in the position of the USS Albemarle. The position of the Albemarle wa chosen
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because that ship geve the most consistent data. In the the angles froathe ships were plotted together, but only one curve is Seemthd cure.fits appresi«
Bately the points of the Albemarle. Where the actual data from the Albemarle does not
agree with the other ships, the curve is drawn to what was likely to be the true condi-
tions rather than to the points corresponding to the angles reported by the Albemrle.All of the curves have been fitted by eye, and other Liberties have been taken in theinterpretation of the theodolite data, Thie is because of the orude way in which the

rvations were taken uncertainty thaseus, OF correcyetling peivten inty thet all observere were sighting on the

It 18 very difficult to tell what effect the » out of the cloud
observed elevation angles, (hen the clow is low or at a considerable Sistames as in
the case of the IRAY DAY cloud, it is possible to sec above the edge of the mushroom and
Bight on the bulging top of the cloud so that a nearly trus elevation angle is obtained,
In cases where the mushroom rises sore nearly overhead, it 1s not possible to see the top
of the suchroom and the observer sights on what appears to be the highest ‘part of the near
tesinelts olghtine’. toproduce & recorded elevation angle which ie higher than would be
° a on Bt of the cloud
the mushroce is sonewhere near’the chnters r eomming the Mgbeet part of

t the

When the curve for the elevation angle of the highest point of each of the three
Clouds is examined, it will be found that the largest elevation angle does not necesdarily
occur at the tine the cloud reaches tho highest elevation. Where the cloud mov
the observer, the rate of increase in distance between the top of the cloud and the
observer may be sufficiently great, when compared with the rate of rise, to cause the
greatestangie to be observed shortly before the cloud reaches maximum altitude, (See
igure on
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surfoce

Angle AOS is greater than anj:le BOS in this « le, and e COS
ether two angles when the poth of a point is condidered. Thisfot thatthehighest thoes-
tion angle did not necessarily occur at the time that the clouds reached maximum altitude
made it very difficult to determine just when the clouds stopped rising, This determina=
tion was further complicated by the fact that the clouds were volumes, rather than pointe
which became larper ea they rose and appeared to epread aut after resching the tropopause.
In the cese of the YOKE DAY cloud, the top appeared to spread back about ths time that it
reached meximum altitude eo that the cbserved angle corresponding to angle COS in the
above figure was larger than the angle BOS for a period of severul minutes, The visual
appearance of the clouds mo one of the best clues to the time whan muxcimm altitude was
reached, For example, the time of beginning of the wing-like plume om the IRAT DAT cloud
was taken os the approximte tise when the cloud reached highest altitule, Another clus
to the behavior of the clouds is the rate of rise curve, Thore are a limited muber of
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possible values which will give a rea@onable rete of rise curve. By trial and error it
Was possible to select welues which give a reasonable locking ourve and also fit the ob-
served behavior of the cloud.

The resulte contained in this report are based on what are believed to be reascunble
assumptions where actual] data were not obtainable, Another author could make different
assusptions and obtain slightly different answers. However, the difference in answers is
not likely to be important for the relatively great size of an atomic clout mkes differ+
ences of several thousand feet ins icant. For operational purposes shich can be fore-
seen, eatimates which are within 10% of true aise or altitude should be exct ena~gh. An
atomic cloud {s an irregular masse of contimaously changing dimensions apd demsity, It
does not lend itself to exact measurement.

& better understanding of the data contained herein is possible if scope of the lis-
itations of upper wind observations are understood, Upper winds are estimted by obverv-
ing the behavior of a free balloon rising through the atacephere. During lamiTOM the
balloons were obesryed visually, by radar, and by radio direction finding equipmect. The
results of al) three wethods are considered together although there my be scas diffs rencee
in reported wind data which are caused by differences in the methods wed, Consecutive
wind soundings show changes in wind direction and velocity which are greater than wuld

ordinarily be expected for the meteorological conditions which existed, de very iittle
4s imown about the changea in the upper winds in tropical regions, it is not inown how
the recorded wind data should be interpreted. Wind soundings were not made exactly at
the times the clouds were rising, so the soundings before and after f-hour ere wed to
ostimte the winds which affected the rising cloud.

Another difficulty in using upper wind data is caused by the fact that upper wind
directions are figured only to the nearest ten degrees. Ina vector caloulatico mich as
that used to determine the position of the clouds at the tine they reached saxcimm aiti-

tude, this coarseness of technique may be of considereble significance, a» errore tend

to be accumilative.

It would be quite possible for the actual wind which affected the cloui to te quite
different from the estimated wind) however, a comparison of the shape of the clusis Ln
aketches and photographs with the shapes which would be expected hod ths estimted ind

prevailed shows that the estimated wind must be a fairly good approximation of Us true
wind.

Throughout this entire report the times given should be taken to be sjyrosimete. It
was not posgible to exactly synchronize timing betwean observation ctatica:, seer mat

error in reading watches causes any time recorded to be only an approximation of the tna
time, The tines shown for H-hour are given to the nearest minute only. “hare ele wy

given for en interval of seconds, the time for that data should be considered to

roughly estimated.

The following are the instructions which were Issued to the weather staticas which

participated in the scientific metecrological program. To these instructneintetose

added comaants which were inserted as this report was made ready for publics t at “
comments are intended to be of assistance in the preparation of instructians fur Mture

scientific observational programs.

 

 

SE
INT TASK FORCE SEVEN

187, c/o Postmaster
dan Francisco, California

SUBJECT: FParticipatian of Weather Stations in the Sciantifis
Matecrological Progran.

To : Commander, Air Forces, Joint Task Force Sevan
Commander, Task Group 7.3

1. Paragrapns 3b(4) and 30(2) of Annex K, METECROLOGICAL FIAN, to
Field Order No. 1, Headquarters, Joint Task Force Seven, dated 14 Noveaber
1947, delineate the responsibilities of tha meteorological unite of the
Task Force with regard to the scientific meteorological progran,

2. Detailed instructions for making scjentifie observations by sero-
logical and weather personne] are contained in the inclosure to this letter,
titledStations
Program. These instructions apply only to weather activities within visual
range of a proof test, and are primarily concerned with the adequate docu-
sentation of any meteorological phanasana, including an atomic cloud, which
may be associated with a teat. It is wery desirable that the Navy Aerology
wits aboard the 053 MT McKINLEY, the USS ALHEMARIZ, the USS CORTISS and
the USS RATROKO, and the dir Weather Service station at Eniwetok cooperate
in making these special observations; and it is requested that copies of
the inclosure be distributed to all asrologioa] and weether afficere con-
cerned,

3. Jt is also desired that the above mentioned meteoralogical
activities operate high speed micro-barographs as part of the scientific
wetecrologicel progres. The instructions for these instrusents will be
issued separately,

4. Weteorological data collected on atomic phencuene will be trested
as (but not necessarily classified as) "TOP SECRET - AEA Restricted Data*
for all purposes. Swoh data will be mubmitted as scon as practicable to
the Staff Meteorologist, this Headquarters, and the Staff Ustecralogist will
muleit a2] date to the Test Director for review for classificatian.

BY COMMAND OF LIEVTEMANT GENERAL BULL:

 

 



 

 

PARTICIPATION OF WEATHEH STATIONS IN THE SCIENTIFIC
METEQROLOGICAL PROGRAM

Weather atetions within sight of the stomic phenomena should give first priority
to the tasks assigned by the operational plan; but where time and personnel are avail-
able, the following contributions should be made to the scientific meteorological pro-
gran, The meteorological units which are expected to contribute to the collection of
data are the weather station at Eniwetok and the aerological unite abourd the Curtiss,
the Nt, McKinley, the Albemarle, and the Bairaoko,

1. Special Weather Observations: One hour prior to the time of the test (or tests)

and

Heauhoutthe

poriod

thstany

atomic cloud is visible, weather conditions should

be constantly observed. dd to the regular hourly or epecial observations any other

observational data or plein langusge descriptione necessary to give 6 true picture of

the mitecrolcgical conditions associated with the atomic phanomens, Strive for great

accuracy and detail in recording observations. Well written eyewitness accounts,

backed up by instrumental data, fro meteorological units will be included in the

published scientific repart. Attempt to document dimensions, distances, times, rates

of formation, or other pclentific data, if aveileble, or if euch information can be

readily estimated,

a, Observetions of Batural Cloudinese; Give the beat possible description

of nat eae from 6 per ome hour prior to the teat until the

atomic cloud and its effects have completely disappeared, Record amounts,

heights of bases, and tops of all clouds. If numerical data is not aveil-

able for middle or high clouds, describe them using euch words as “very

thin" or “thick,shape of sun disk not discernable, but clouds show no shadows

on undersides.” Use balloon and aircraft date if poesible, or make best

possible estimtes. If cloud data te obtained by measurement, that fact

should be atated. Also, give orientation of cloud masses or sheete with

respect to the weather stetion and the teat area, Record cloud movements,

dissipation, or development. Should natural clowis be mixed or associated

with the etomic clowls, describe the extent of the mizing,

b, Observations of Showers: If rain showers or thunderstorms sre observed

while

the

atoule

clo!fe

present, describe them and show their developumt

and movement relative to the target area and the atomic cloud, If radar views

of the rain area ere availeble, describe their development and movement, and

state if photographs were sede, Should rain occur at the station while the

atomic cloud is in the area, state the exact time ruin began and ended and

tell the intensity of the rainfall throughout the period that it occurred,

If no rain guage is available, state how much the ground or decks were wet

and to what extent objects wera soaked, and stete to what extent visibility

was reduced by the rain,

(Comment: The rain showers in the test area showed plainly on the

radar scopes aboard the U.5.5, Mt, McKinley and could have bean

eusily photographed, If photographs had been wade shortly ufter

the tests and during the period that the atomic clouds were in

renge, it would heve been possible to estiuate whether or not a

ahower reeulting fro naturel causes occurred within the diffusiag

atomic cloud, A study of reader photogruphs of enower arene nBeache

ated with different meteorological situations would permit an esti-

mate of the extent of the shower activity affecting the cloud in

areas where observetions sre not possible, Tor exumple, it aight
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be determined that the lowest tion of the ato
carried in an air mass in which there were aly widelysoatrered
cumilus with tops below 12,000 feet and with bases from one-half
to one mile in diameter, It night be estimted that auch showers
would occupy only 9% of the total horizontal area and would there-
fore, not greatly affect the atomic cloud.)

c. Observations of Surface dind: Stations near the test oul: |area 6 d note efully
changeeree #00 oF ve. celty asgociated with the atomic. phenomena, “Consecutive

sea surface around the teet area dur tom
cloud would be moat useful in determining the circulation patterns prodacet of am etonic

(Comment: Surface winds are not affected by ato phenomenaie.c
the distances at which weather observation’stati cas have tenn
located, Beyond three miles from the teat site there is little
reason to give attention to possible changes in surf wind
as result of an atome blast) e us

d, Obdservations of Unusual Phenomena; Observers should be on the record3 alert
weather occurrence, however Taprobable. Small whirlwinds eight forn Srere heated ayaceer the main cloud has moved clear, a small tornado or waterepout might form at the bas
of the atomic cloud, lightning aight be observed in the atomic claw, etc, °

(Comment: Because of distance and dust, it te unlikel.
weather observer could see occurrences beneath an atowicclow,)

©, Observations from Recordiag Instrumente: Subait recards of al rding: lr
logt instrumente. cate dates, times, inatrument corrections sod poletoutche
produced by stomicphenosess. Give poet tione of instrumente in longitude and latitude on
n distunce from atomic teat site, For ticular inst:we par netriments, the following instructions

(1) Barographs or Micro-barographs: State location 1
describe the route o creseure wave to the barograph. A dreishoving’Locats
of the building or ship and the openings through which the pressure wave passed would
be moat helpful. Show by meana of an arrow the direction that the preseure ware came
in ite route to the barographs, Be sure to atate the height of the instrummt sho
mean sea level, Tell whether or not the barograph was dn a sponge rubber mat: andif
there is evidence that the instrument waa shaken by vibration
groud, point that out on the trace, from the building or

(2) Thergographe and other he: State the location of the tharmoacrean
State whet or no was in direc ne of heat raiiation fros

atote how it was affected by direct sunlight. If a drawing will ivemorecosas “
furmation, include ooe, Accurate meafurementa of tempersture and Inmidity are ere
desirable. If it 1s suspected that the temperature in the thermoscreen may be hener
becuse the sun has been ehining directly agninet the side of the ship on which the
tlarmoacreen is mounted, several readings from a band paychrometer should be obtained
in sheded, but exposed areas. State where euch observations ware made, Be sure to
clean, fresh water and new ms)jin on wet-bulb thermometers, Gire on hydrographs should

be cleaned with distilled water applied with a soft brush, .

 eeaee   
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Radiosondes: If « radiosonde trace shows evidence of heating or unu
saveryen tne result of atomic phenomena, submit the trace andmay
of the adiabatic chart showing tha change produced,

Comment: dinary meteorological inatrumeots give disappointing
comeevice azponed to thefastantenoous Tadiant heat of an stoaic
weapon and microbarographbs in similar locations give widely differ-
ing neasuresents of the same pressure wave, No further masurenents
withordinary instruments are recommended.)

2. Observationa of Atomic Phanomma:

a, Heat: .Ncte any effects of heating such as the production of natural clouds
by convection or the dissipation of clouds by evaporation,

Natural clouwls are greatly affected in the vicinity of( Comment; (2
the condensation cloud but not perceptibly outeide of it.
photographs of Able Day at Bikini.)

: t wave traveling through the atmosphere may prune
vitestewets at £ aotbe easily pho , therefore visual observations
may prove to be wary useful in the atudy of the pressure wave phenomma.

ffraction of t; There may be a diffraction of ordinary
Dewave which could be seon but not easily
photographed, Should this occur, the wave would appear as a rapidly
xpanding transparent bubble and would likely be aeen against the

cloar, blue sky at some distance to either side of the test point.

n Mature) Clots: The burating of atomic boabe bas
(2)geet 7 6 a the bursting point. That bubble can
Be easily atulied from photographs, but o cloud phenomena say
occur which aight not be caught by the comaras, The prosswre wave
Gay appesr to cause movement in existing cloyis, particularly as
it moves along the base of a uniform clout layer, Also, the passaxe
of the pressure through any area of high relative humidity mypro:
duce visible vapor formation outside of the main fog bubble, the
ebould be noted that the size of the fog bubble depends wont
pressure drop necessary to produce 1 relative humidity. cr
rate radiosonde data for about the first 5,000 fest of altituie
will help in the etuty of the fog bubtle phenonena.

oduce any(3) Water Waves; If the preesure weve is noted to pr
effect as wele over the water surface, describe whet happens,

(Comment: Mo pressure wave phenomena, such as suggested above, wos

risible,)

¢, sir Circulation; Look for emmy disturbence of the local winds endaleeof

any convective pattern which might be produced, Notice if cochou! "

sipate, as air is pulled into, or subsides from, 4 rieing « .

tudies ofComment: Such phenomena was not reported. However, 5
emia motion pictures may ahow some evidence of a convective

pattern.)

d. Atomic Cloud:
ous

be obte lu -
Data on an atomic cloud which can ee

tline atetcle

Rough te Peierte,

lL. "wer th-

very

(1) Size and Shape:
the theodolite will be of considerable value. distancesthe cloul showing outstanding features and giving Aistengersangles, etc,, will aid in checking photographic the rJoud beer ecular, visual data will be of greatest value as the *

 

 

diffuse and invisible to the catera, Also, after several houre, the
cloud mey become too widespread in area for ita shape to be shown by a
photogrenn, Two semble sketches ere included, Notice that some clain
language data is included in the sketches, at firat, when the cloud is
rising end chanzing racitiy, make readings first on the top of the high
est nortion, Then as it slows down, make readings on the ton of the two
or three major cloud tes:es, as the cloud becomen more stedle, meke as
m:ny Measurements ag sossible, Make reedings continugualy, Wo set of
reedinge should exceed © minutes duration, so that there is no longer
than § minutes lapsed tice between readings on any one portion of the
cloul, Gn practice daya, the men who will make these observations an
the atomic cloud will subm:t data on a burge cumilus cloud (if one occurs)
for a ceriod cf one-half hour,

(Comment; The results of these instructions neke Up the most importantpart of this report, Mo observing station followed exactly the methodshown in the examples, Best resulta were obtained by the use of twooy Dore theodolitus at a station. ne thecdolite was used for the left
and right lund edge of the primury portion and the other theodolite can-centrated on the iighest part of the cloud, 4st the same time, sketches
were wode by a suparate observer who marked on the aketches the pointsat which tha theodolites were simed, There was no difficulty in makingobservutions on the highest point at 30 second intervals and om eacheide of the cloud at one minute intervals, At firct, sketches were madeat the rate of ane each cdnute for about the first 15 ainutes, Thenthey were made at 5 minute intervels for the first hour, dfter that,sketches were sade at 10 or 15 minute iutervals, The color and charac-teristicea of the atoaic clouds were entered on the aketchee, Eigidlymounted share type theodolites are grestly preferred to shi theo-dolites for thie type of work, Magnification of the cloud

by

a leas#ystem is not required eul may be objectionable, doy instrument which
will geosure azimuth and elevation angles aimltemeously can be used
instead of 5 theodolite.,)

{2) Ice Veil; The atomic cloud on dble Day at Bikini was topped by a amcothveil cloudwhich was thought to be composed of cirrus-like ice crystals, Shouldmuch a cloud occur agein, as much date as posrible should be collected, Showthe veil structure in sketches ond Give thecdolite dats with amct times offormation, changing, and diacypenrunce,

(3) Color of Sm; If the sum should be seen to be through the atonicclowl, reco color of the au, dleo, record the times of the observationsand the anglea of the #m above the horizon, If the sun disk can be show inthe cloud sketches, show through which portion of the cloud it show,

(Comment: The sun was not seen to shine through the atomic clouds exceptpossibly on XRAY Day when the wyper part of the cloud Mingled with cirrus
through which the sun was shining. ‘There wes no coloration, This obeerve-
tian wae requested by radiologiete who thought that or would give some
inlicationof the size of the particles inths clouls}

(4) Hadar Views: Should the atomic cloud show on a radar screen, report indeteil what ppened,

(Comment: li early etagee the atonic cloude were observed on radar;however, the cbeervetional data obtained is inconcluaive,)

(5) Movement: The movement of the cloud relative to the upper winds (and thedispersTonof the cloud) should be studied and made the subject of a specialreport if uny infurmation is avallable and is not Otherwise covered.

(Comment: Observers submitted sketches and data but did not submiteeiurete reports of cloud movement,

~

  



 

 

 

 

Examples Sketches Distributed to Observers Before Tests:—
1 7 ET sample Sanple

Amp

~™ Date: 30 Feb, "48
Date; 30 Feb, ‘Le

Looal Time (a): 1214
Looal Time (4 ): 1305

Local Tine (k):_ 1216 Porte Local Time {4 );_1309
, Position:

Position:
a

° Long.__160°_49"45"PKS Long._180 °__45'_15
Lat 0 ' "Lat. jo°43'390" 7a) > lo Ad’ 006 (e} Ko Height of Theodolite:} Height of Theodolite:

i Vey et rad Ne 15 feet. ie ’ 15 feet,
xif) } / l \ \ Azimuth Elavation (0) Aainuth Elavation—_—_— —

6
\HN \er?! a. 270.0 12.0 6._82,0 _75,0

\ on | : b, 270.0 11.2 b._180,0

 __

84,0
| ! sbnith \. 0.20.0 __#2.0 |
JA °ate \ a, 278.0 70.0ro (h) 'd,_ 266.8 11.3 OOle (b Sy 0..260.0

 __

61.0.- 273.4 11,3
, 22 - (a) f, 248.0 47.0 ;

Fe bIC ad g. 238.0 0.5&-_270,8 9.5 Ce) of) h, 225.0 0.5
6 _ ”

h. 270.0 9.5 A t
(t) .1. 269.9 25

(ee j.
J._267,0 2.8 k.

(1) kK, 273.2 0.8 (h) _ 1wae — —1. . . &) QR.
aust ayst n, fs. penale (a Piel k) 220°

=

0 2h?yr
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Observer: J, Smith, CAerm

Recorder: 7. Jones, sAerm }

Unit: USS Neversal sd

   

Observer; J, Swith, CAero

Recorder: 7, Jones, Aurm ] 

 

  Unit: USS Heversug 
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Visual Observations at Long Distances

When it was discovered that H-hour for TOKE Dar would be in darkness, it was

anticipated tbat a brilliant display would be produced similar to that of XRAY DaY, and

that the light would be sean at a considerable distance, With dus regard to security,

observers on Kwejalein, Boogeric, and Majuro were asked to watch the horizon in the

direction of Eniwetok at approximately H-hour, ‘They ware not told what they ehould

expect to see, and they were not prepared to time any phenomena which they saw. sp-

parently, they eaw both the initial flash of the weapon and the intense light of the

firebel] within the condemsation cloud, As far as is know, this is the greatest dis-

tance which any object or occurrence on the surface has been seen. In future teste

which may be conducted in darkness, it ja hoped that color photographs can be made of

thie light transmitted to long distances, Such photographs would te of general inter-

eat and might be useful in studies of the ataosphere,
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Eniwet ok 300 miles
~ Rongerik
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MARSHALL

|
ISLANDS

Majuro 
165° 170°
  
  

I observed the of the atomic Weapon explosion fra: Kiva jalvin ao *Y®

Day, A very bright flash ocaurred first which gave a reflected light to ulouds alsost

vertically owerheed, I could not ostiuate the horizontal oxtent of the reflected

light fran the flash, it seamed to show everyphere in my field of visiun. The

instant appearance and disappeerance of the reflected light fran the flash made

dt very difficult to evaluate ite axtent and intensity realistically. The flash

waa followed by a very rapidly increasing, nearly instantaneous, red glow on the

horizon which gave = pronounced pink reflection fram the clouds to about 60 Jewoes

both vertically and horizontally. This aftpr-glow receded steadily and perceptubly

Within 15-20 seconds (estimated) to s small spot on the horizon which remained

faintly visibly for perhaps ancther 10-15 yeconda,

HleeuneSpt
AUaY Pj TAs

lst Lies

Task Unit 74-4 (iebile)

 
 

ETATFNENT CONCERNING "Y" doy fleet ee seen from delonds indiested:

Bongerth: Litebick Isle, Rongerik ‘toll, Morshej1] Islands
The Fiok covered app rer de eb Ty 60 d grees dra hortd-orteal plone
ore CO deprece Im os virtde Pople, he ecltor tes a blend of
pirk and orange. Itts intensity rue comp rshle to that of the
rising sun. Durntion was about 3 seconds. It started suddenly
and credually diuinished, It was bright enough to cast a shadow,

Majuro: Roselie Iste, Mijuro Atoll, Mershall Islands
It presented a faint pinkish glow aleng the horizon, extene ing
herl:ontal?s 7h to 40 degrees and vertically it +«tendd 10 degrees
Tt appeared to be just » norros bind cfeolor aleng the horizon,
It wis stuted thet thoy sav a glow, not uy instunleneous flash,
it hecane inst-ntiy visible and died slowly, Tasting «bout
“uu Ferns,

Persopne] at Wake Island stated thet no ene had poid any psrticul'r
skterticn to noting the southsouthwest hord: on,’

Race Ahaewcg
Major, USAF
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Discussion of Working Charts and Theodolite Data
The following pages contain the theodolite data which were used

in the studies of the three atomic clouds produced on XRAY, YOKE, and
ZEBRA DAYS at Enlwetok, The figures given have been copied from the
original records submitted by the observers on the U.S.S, Albemrle,
the 1.S.¢. Bairoko, the U.S.S, Curtiss, and the U.S.S. Mt. UcKinley,

The observers on the Albemrle submitted their original theodo-
lite data in colums ainilar to the may that the figures are presented
in this appendix. Tro theodolites were used and angles were recorded
for almost every minute. Sketches were made independently of the the-
odolite observations. In the causes of the other ships, theodolite data
were taken in conjunction tith the sketching; and theodolite angles
were entered directly on the sketches. This latter procedure resulted
in less data for a particular point, but gave more specific information
about the entire cloud. Where date were entered directly on the sketches
there was less doubt about the point in question, For example, it would
have been easy for an observer to sight on the near purt of the plume
which extended from the XRAY DAY clond and record dulu on the edge of
the plume instead of the highest part of the primiry part of the cloud,
Tith the aiming point clearly mrked on the sketch, it was easy to
select the correct anglea for the top of, and for euch side of tha
primary mass, Angles for other parts of the clouds have been omitted
from these lists except the elevation and azimuth anjleo of the cloud
projection which formed on the ZEBRA DAY cloud. By means of the sketches
it was possible to determine which angles wero for the top of the primery
mase and which were for the top of the cloud projection. Where the
sketches show that the clouds were being dispersed so that it wos diffi-
cult to sight an the top of the cloud, or determine the left or right
side of the primary mass, data are omitted. In the cuse of the MaY MY
cloud, the primary mss was more compact and significant points could be
sighted on for o longer time than in the case of the YOKE and ZEBRA DAY
clouds.

 

The curves have been drawn for the data eubnitted the Albemarwith consideration boing given to date from the other we Consiterable smoothing of the curves was done as tha large elze of the cloudsand their changing shape mde it difficult to keep the theodolites ainedat a particular significent point, Also, observers on different shipssighted on different, although corresponding, pointe,
The shapes of the curves for the elevation les are determinedby the mtes of rise of the clouda, the upper winds, andtheabpe ofthe cloud, Irregularities in the curves after the clouds reached maix-imm altitude are believed to be the result of changes in the shape ofthe clouds. Thore 16 no indication that the maximum altitude of theclos fluctusted aftcr the greatest height was attained, However, itis likely that some evuporation of the tope of the YOKE and ZEBRA barclouds mms taking place at about the end of the first hour, '

Azimuth angle date are significant while the primary maregular shape, but rean very little after the cloud becoues cheered.apart by rhinls from different directions at different altitudes.

Examination of the points for azimuth 1 aayclouda show that separnte curves can be drawnfor cachsheerbecause of the spacing of the ships relative to the cloud. It beseen that the pointe of the different ships give sisflar curves;Loweythe curve for the Alberrle 1s the only ane for which calculations be :been prepared. The no. itian of the test site relative to the ‘Albemerlahas been murked on these graphs, This of.
of the theodolite. ° S offers a check on the orientation

In the following collection of numerical da num.ical values are prosented just before the eraph “ whtckthenpte =

Elevation angle data and graphs are given first and thlowed by azimuth angle deta and graphs, Theorder of presentation athe page numbers ure shovm in the Tuble of Contents on Page 1-2



XRAY DAY

 

Highest Point -eyation Angle

 

Minutes Time Albemarle Hai roko Curtiss LeKinley Minutes Time Albemarle Bai roko Cyrtise McKinley

0:00 061700 - - - - wh 064730 24.1

0:30 1730 - - - - 31:00 4800 23.9
1:00 1800 - - - 3.5 31:30 4830 23.7

1:30 1830 - - - = 32:00 £500 2304

2:00 1900 - - - 11.0 32:30 4930 23.0

2:30 1930 - - - - 33:90 065000 23.5

3:00 062000 - - - 14.5 33:30 5030 24.8

3:30 2030 15.0 - - - 3: 00 £100 24.4 23.1

4:00 2100 18.0 18,0 - - 34:30 5130 23.9

4:30 2130 20.6 - - - 35:00 5200s 23.6

5:00 2200 23.1 - - 20.0 35:30 5230 23.5

5:30 2230 21.6 - - - 36:00 5300 23.4

6:00 2300 22,2 - - 22.0 36:30 5330 23.5

6:30 2330 23.0 - - - 37:00 5400 23.5

7:00 2400 23.0 21 - 23.0 37:30 5430 23.5

7:30 2430 23,8 - - - 38:00 065500 23.5

§:00 062500 244.6 - - 25.5 38:30 5530 - 23.5 22.6

8:30 2530 24.6 - - - 39:00 5600 23.4
9:00 2600 25,0 - - 25.5 39:30 5630 23.3

9:30 2630 24.8 - - - 40:00 065700 23.3

10:00 062700 24,8 - - 25.7 40:30 §730 23,2

10:30 27730 25.5 - - - 41:00 5800 23.2

11:90 2800 26.0 - - 25.5 41:30 5830 22.2

11:30 2830 25.6 - - - 42:00 §900 22,1

12:00 2900 25.9 25.9 - 26.0 42:30 5930 22.8

12:30 2930 25.7 - - - 43:00 070000 23.2 ’

13:00 063000 25,8 - - - 43:30 0030 22.9

13:30 3030 25.6 - - - 44:00 0100 22.5

14:00 3100 25.3 - - 25.4 44:30 0130 22,1

14:30 37130 25,1 - - - 45:00 0200 22.1 22.2

15:00 3200 24.8 - - 25.8 45:30 0230 22.1

15:30 Rw 25.0 - - - 46:00 0300 22,1

36:00 3300 25.4 - - 25.8 46:30 0330 22.0

16:30 3330 25,0 - - - 47:00 0400 22,0

17:00 44,00 25.4 25.7 - - 47330 0430 22.0

17:30 34,30 25.4 - - - 48:00 070500 22.1

18:00 063500 25.3 - - - 48:30 0530 22.)

18:30 35 25.2 - - . 49:00 22.1

19:06 3600 25.3 - - - 49:30 0630 22,1

19:30 3630 25.2 - - - 50:00 070700 23.1

20:00 067700 25.3 - 50: 30 0730 22.1

20:30 3730 25.3 - 53:00 0800 22,1

21:00 3800 25.1 - 31:30 0830 22.1

21:30 3830 25.3 - 52:00 0500 22.4

22:00 4900 25.3 25.6 52:3 0930 22,1

22:30 3930 25.4 - 53:00 071000 21.8

23:00 064000 243.6 - 53:30 1930 © 21.5

23:30 4030 24.2 - 54:00 1100 21.6

24:00 4100 2h. - 54:70 nw .

24:30 4130 24.7 - 55:00 1200

25:00 4200 24.6 - 55:10 1230

25:30 4230 24.5 - 56:00 1300
26:00 4300 24.3 - 56:30 1330

26:30 4330 24.3 - \ 57:00 1400

27:00 44,00 24,1 - _ 57:30 1430

27:30 449 24.1 - 58:00 71500

28:00 064,500 24.1 24.9 58; 30 1530

28:30 4530 24,1 - 59:00 Lone

29:00 460" 24.1 - 59:30 an

29:30 £6 24.3 - BU Qu 1700

3:0¢ 064700 2hak



 

 

 
 

 



YOKE DAY

 

 

 
Minutes Time Albenarle bat roko Curtise KeKinley Minutes Tine Albemarle Bairoko Curtiss McKinley

0:00 060900 - - - - 1$:00 024,00 25h - - ééek

0:30 0930 09.4 o7.1 - - 15:30 24,30 74.5 - - 22,1

1:00 061000 15.0 - - 08,2 16:00 062500 23,8 24,53 23,8 21.3

1:30 1030 16.4 - - 12,6 16:30 2530 23.6 - - -

2:00 L100 18.0 16.6 iq. 14.3 17:00 2600 23.1 - - -

. 2:30 1130 20.6 - - 19.2 17:30 265 23,0 - - -

3:00 1200 21,1 20.95 - 19.2 14:00 2700 22.7 - - -

§ 3:30 1230 22,6 - - 211 18:30 2730 22,0 - - -

4:00 1300 23.0 24.33 24.1 22.1 19:00 2800 21.8 - ; - -

4:30 1330 25,2 - - 2?.8 19:30 2830 21.6 - - -

5:00 1400 25.9 26.12 - 4,1 20:00 2900 21.7 - - -

5:30 1430 25.9 - - - 20:30 2930 22.0 - - -

6:00 061500 26.3 - 26 24.7 21:00 063000 21.9 21,9 - -

4:30 1530 26,4 - - 25.0 21:30 4030 22.0 - - -

7:00 1600 26,5 27,8 - 25.5 22:00 063100 21.8 - - -

7:30 1630 27.0 - - 25.8 ‘ 22:30 3130 22.0 - - -

8:00 1700 27.0 - 27.8 25.9 24;00 3200 22.5 - - -

8:30 1730 28.0 - - - 23:30 3230 22.0 - - -

9:00 1800 27,1 tube - 25.0 24:00 3300 21.4 - - -

9:3 1830 25.9 - . 2444 24:30 3330 21.5 - - -

10:00 1900 25,2 od 25.3 23.7 25:00 3400 21.4 ~ - -

10:30 1930 25,3 - - 23.2 25:3” 34.30 21.4 - - -

11:00 062000 24,1 24.82 - 22,2 26:00 063500 21.1 - - -

11:30 2030 23.9 - - - 26:30 3530 21,2 - - -

12:00 062100 24.8 - 23.8 - 27:00 21.2 - - .

12:30 2130 25.0 - . : 27:30 3% 21,0 - - -

13:00 062200 25.9 - - - 28:00 3700 20.8 - - -

13:30 2230 25.7 - _ - 28;30 IW 21.0 - - -

14:00 062300 25.7 - 22.8 - 29:00 3800 20.7 - - -

1L:30 2730 25.6 - - - 29:30 3830 20.4 - - “
30:00 3900 20.5 - - -

 

I-l2



 

 
 

1-
i3



 

Highest Point — Elevation Angle

 

Minutes Time Albemarle roko Curties McKinley

0:15 060415 4 - - -
0:30 0430 8 10,1 - -
1:00 ©—.060500 11 - - 12,1
1:30 0530 15 12,4 - 15.6
2:00 0600 17 15.4 17.7 18,2
2:30 0630 18 - - 19,8
3-00 0700 20.6 18.7 - 21.5

\ 3:30 07” 21.6 - - 22.6
4°00 0800 23.1 21.4 23.1 24.2
4:30 0830 23.9 - - 24,8 '
5:00 0900 2h 22.9 - 25.4
a: 30 09% 24.3 - - 25.5
6:00 061000 24.6 - 24.8 25.7
6.40 1030 24.5 - - 25.9
7:00 1loo 24.3 22,7 - 25.9
7 30 1130 24.7 - - 25.7

8:00 1200 24.8 24.4 25,1 74.7
#:30 1230 25.2 - - 26,7
4-90 1300 25.6 25,3 - 26.9
9.30 1330 25.8 - - 27.3

10:00 1400 26,0 - 26.4 27.1
10:30 1430 25.7 25.0 - 27.0
li:o0 ©=6-061500 25.6 - - 26,9
1k :30 1530 25.3 24.5 - 26.7
12:00 1600 25.2 - - 26.6
12:30 1630 25.0 - - 26.5
13:00 1700 24.4 - - 25.9
13:30 1730 24.1 - - 25.4
14:00 1800 23,7 - - 25,1
14:30 1830 23.4 ~ - heh
15:00 1900 23,0 - - 24.1
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XRAY DAY

Highest Point — Azimuth Angle ometroyeTB46 .snecitienigdlslaiasddbotnt Beale

Minutes Time Albemarle Bajroko Curtiss MoKinley Minutes Tine Albemarle Bairoko Curtinos McKinley

0:00 061700 - - - - 27:00 4,400 014.0 - - -
0:30 1730 - - - “ 27:3 4430 014.0 - - -
1:00 1800 - 338.5 - 342.0 28:00 064500 014.0 005.9 - -
1:30 1830 - - No - 28:30 4530 014.0 - - -
2:00 1900 - - Date 343.0 29:00 4600 015.0 - - -
2:% 1930 - - . - 29:30 4630 015.0 - - -
3:00 062000 - - - hb oO 30:00 064700 035.6 - - -
3:30 2030 - - - - 30:30 479 015.0 - - -
4:00 2100 - 330.7 - - 31:00 4800 014.0 - - -
4: 2130 - - - - 31:30 4830 016.0 - - -
§:00 2200 - - - 345.0 32:60 4900 016.0 - - -
5:30 2230 43.0 - - - 32:30 4930 017.0 - - -
6:00 2300 345.0 - - 346.0 33:00 5000 017.0 - - “
6330 2330 345.0 - - - 33:30 5030 018.0 - - -
7:00 2400 346.0 339.5 - >‘ oO 34:00 5100 018.0 011.1 - -
7:30 2430 446.0 - - - 34:30 5130 018.0 - - -
8:00 2500 344.0 - - 352.0 35:00 5200 018.0 - - -
8:30 2530 46.0 - - - 35:30 5230 019,0 - - -
9:00 2600 448.0 - - 353.0 36:00 5300 021.0 - - -
9:30 2630 349.0 - = ~- 36:30 5330 Ss—“‘«‘«éC2*dZ‘CC - - -
10:00 062700 350.0 - - 353.6 37:00 5400 021.0 - - - i
10:30 2700 351.0 - “ - 37:30 5430 021,0 - - -
11:00 2800 351.0 - - 354.4 38:00 5500 021.0 - - -
11:30 2830 353.0 - - - 38: 30 5530 021.0 009.0 - -
12:00 2900 354.0 346.6 - 356.4 39:00 5600 621.0 - - -
12:30 29% 356.0 - - - 39:30 5630 021,0 - - -
13:00 063000 357.0 - - - 40:00 065700 024.0 - - -
13:30 3030 355.0 - - - 46:30 5730 024.0 - - -
14:00 3100 355.90 = - 002.0 41:00 5800 023.0 - 1 + -
14:30 3130 358.0 - - - 41:30 5830 024.0 - - -
15:00 3200 358.0 - - 002.2 42:00 5900 024.0 - - -
15:30 3230 355.0 - - - 42:30 5930 025.0 - - -
16:00 3300 357.0 - - - 43:00 070000 025.0 - - -
16:38 3330 359.0 - - - 43:30 0030 027.0 - - -
17:00 3400 359.0 356.7 - - 44:00 0100 027.0 - - -
17:30 30 60.0 - - = 44:90 0130 026.0 - - -
18:00 063500 357.0 - - - 45:00 0200 026.0 033.0 - -
18:30 3530 360.0 - - - 45:30 0230 027.0 - - -
19:00 3600 360.0 - - - 46:00 0300 027,0 - - -
19:30 3630 003.0 - - - 46:30 0330 027,0 - - -
20:00 063700 003.0 - - - 47:00 04,00 028.0 - - -
20:30 3730 005.0 - - - 47:30 04,30 028.0 - - -
21:00 3800 007.0 - - - 48:00 070500 029.0 - - -
21:0” 380 007.0 - - - 48:30 0530 029.0 - - -
22:00 3900 008.0 357.4 - - 49:00 0600 029.0 - - -
22:30 3930 008,0 - - ~ 49:30 0630 029.0 - - -
23:00 064000 009.0 - - - §0:00 070700 03,0 - - -
23:30 4030 009.0 - - - 50:30 O73 031.0 - - -
24:00 4100 009.0 - - - 51:00 0800 031,0 - - -
24:30 4130 009.0 - - - 1:30 0830 030.0 - - -
25:00 4200 010.0 - - - 52:00 0900 030.0 - - -
25:30. en 011.0 - - - 52:30 0930 031.0 - - -
26:00 £300 012.0 - - - §3:00 071000 031.0 - - - .
26:30 4330 013.0 - - - 53: 30 1030 031.0 - - -

54:00 1100 029,0 - - -
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OKE DAY

Highest Point — Azimuth Angle

 

Minutes Mme Albemarle Bairoko Gurties McKinle Minutes Tine Albemarle Bairoko Curtise McKinley

0:00 060900 - - t - 15:30 2430 012.0 - - -
0:30 0930 350.0 359.5 - - 16:00 062500 011.0 OlL.A 011.0 -
1:00 061000 352.0 - ° - 16:30 2530 01.0 - - -
1:30 1030 354.0 - - - 17:00 2600 011.0 - - -
2:00 1100 355.0 358.0 356.0 - 17:30 2630 010,0 - - -
2:30 1130 355.0 - - - 18:00 2700 011.0 - 008.0 -
3:00 1200 356.0 356.7 - - 18:30 2730 010.0 - - -
3:30 Rx» 357.0 - - - 19:00 2800 on.0 - - -

4:00 1300 357.0 - 357.0 - 19:30 2830 010.0 - - - 1

4:30 1330 358.0 - - - 20:00 2900 010.0 - 019.0 -

5:00 1400 359.0 - - - 20:30 2930 611.0 - - -

5:30 1430 360.0 - - * 21:00 063000 012.0 016.5 - -
6:00 061500 360.0 - 007.0 bg 21:30 3030 010.0 - - -

6:30 1530 003.0 - - - 22:00 063100 012.0 - 012.0 -

7:00 1600 004.0 - - - 22:30 3130 011.0 - - -
7:30 16% 04.0 - - - 23:00 3200 . 0212.0 - - -
8:00 1700 007.0 - O14. - 23:30 3230 012,0 + - -
8:30 1730 006.0 - - - 24500 3300 010.0 017.0 018.0 “

9:00 1800 007.0 006.9 - - 24:30 33 012.0 - - -

9:30 1830 010.6 - - - 25:00 34,00 014.0 - - -

10:00 1900 009.0 - 015.0 - 25:30 4830 013.0 - - -

10:30 1930 012.0 - - - 26:00 063500 014,0 - 010.0 -

11:00 062000 012.0 006.2 - - 26:30 3$30 013.0 - - -

11:30 2030 013,06 - * - 27:00 3600 014.0 a019,2 - -

12:30 2130 008,0 - - ~ 27:30 3630 OL4,.0 - - -
13:00 062200 007.0 - - ~ 28:00 3700 014.0 - 011.0 -

13:30 2230 008.0 - . ° 28;30 3730 014.0 - - -

14:00 062300 010.0 - 022.0 - 29:00 3800 04.0 - - -
14:30 2390 012.0 “ - - 29:30 3830 016.0 - - -
15:00 062400 013.0 - - - 30: 00 3900 015.0 7.0 012.0 -
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ZEBRA DAY =
Highest Point — Azimuth Angle

 

Minutes Tine Albemarle Bairoko Curtias McKinley

0:15 060415 005 - - -
0:30 0430 006 010.7 - -
1:00 060500 004 - - -
1:30 43x 003 011.5 - -
2:00 0600 004 011,9 004.0 -
2:30 0630 005 - - -
3:00 0700 006 - - -
3:30 0730 005 - - -
4:00 0800 006 013.0 009.0 -
4:30 08%” 006 - - -
5:00 0900 006 015.0 - -
5:30 0930 010 - - -
6:00 041000 ol} - 007.0 -
6: 1030 oll 018.9. - -
7:00 1100 olo 017.0 - -
7130 1130 010 - - -
8:00 3200 - 016.7 011.0 -
8:30 1230 - - - -
9:00 1300 - 018.6 « -

9330 1330 - - - -
10:00 1400 - - 014.0 -
10:% 1430 - 022.0 - -
11:00 061500 - - - -
1:30 1530 - 026.6 - -
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RAY DAY

. | Left Side of Primary Portion — Azimuth Angle

  

   

  
   

Minutes Tine Albemarle Rai roko Curtiss McKinley Minutes Time Albemarle ‘Beirko Curties McKinley

0:00 061700 - - - - 27:30 4430 350.0 - - -

0:30 1730 - - - - 28:00 064500 348.5 34363 - -

1:00 1800 - - - - 28:30 4530 349.6 - - -

1:30 1830 - - - - 29:00 4600 348.0 = - -

2:00 1900 - - - - 29:30 4630 350.4 - - -

2:30 1930 334.5 - - - 30:00 064700 351.5 - - .

3:00 062000 - - - - 30:30 4730 351.6 - - -

3:30 2030 - - - - 31:00 4800 349.0 - - .

4:00 2100 - - - - 31:30 4830 351.3 - - -

4:30 2130 - - - - 32:00 4900 351,5 - - .

5:00 2200 - - - - 32:30 4930 350.5 - - -

5:30 2250 33565 - - - 33:00 3000 351.4 - - 3443.2

6:00 2300 336.0 - - - 33:30 5030 351.0 - - —

6:30 2330 - - - - 34:00 5100 351.9 448.2 - -

7:00 24,00 339.5 - - - 34:30 5130 352.5 - - .

7:30 24,30 - - - - 35300 5200 352.0 - - le

8:00 2500 335.5 - - Bab oO 35:30 5230 352.8 - - .

8:30 2530 - - - - %:00 5300 354.0 - - -

9:00 342.0 - - 46.0 36:30 5330 353.5 - - .

9:30 2630 - - - . 37:00 5400 354.0 - - .

10:00 062700 336.5 - - 345.0 37:30 5430 354.1 - - ~

10:30 2730 341.2 - - - 38:00 5500 354.5 - - -

11:00 2800 339.5 - - Ba dob 38: 30 5530 354.3 349.3 - -

11:30 2830 339.7 - - - 39:00 5600 356.2 i= . -

12:00 2900 339.5 - - w6.5 39: 30 5670 355.1 - : .

12:30 2930 338.5 - - - 40:00 065700 356.3 - - _

13:00 063000 340.7 - - 346.9 40:30 5730 356.6 - . ~

13:30 3030 339.2 - - 41:00 5800 355.8 - ~ .

14:00 3100 339.0 - - 346.1 41:30 580 356.0 - - .

14:30 3130 339.8 - . * 42:00 5900 355.9 - - -

15:00 3200 340.5 + - 34723 42:30 5930 356.8 -. ~ .

1§:30 3230 342.0 - . - 43:00 070000 356.8 - - .

16:00 3300 %1.3 - - - 43:30 0030 358.2 - . :

16:30 3330 339.8 - - - 44:00 0100 35947 - - .

17:00 3400 344.0 340.5 - - bt: 30 0130 000.6 - - .

17:30 3430 348.8 - - - 45:00 0200 359.5 - - _

18:00 063500 - - - - 45:30 0230 007.7 - - _

18:30 3530 - - - - 46:00 300 001,8 - .

19:00 3600 344.0 - - ba 46:30 ovo 000.3 - _ *

19:30 3630 34745 - - - 47:00 0400 00).2 - . -

20:00 063700 346.0 - 343.0 « 47:30 0430 001.5 - . ~

20:30 3730 347.0 - - - 48:00 o70500 000.4 - - .

21:00 3800 347.3 - - - 48:30 0530 359.3 - ~ ~

21:30 3830 34767 - - - 49:00 n600 001.8 - . *

22:00 3900 349.4 341.1 - - 49:30 06 30 002.8 - . °

22:30 3930 350.3 - - - 50:00 070700 002.6 - . ~

23:00 064000 348.0 - - - 50:30 0730 003.8 - . ~

23:3 4030 349-4 - - - 51:00 oso0 004.3 - - .

24:00 4100 351.8 - 357.0 - 51:30 0830 007.7 - - -

24:30 4130 351.0 - ~ - 52:00 900 o10.6 - - 7

25:00 4200 348.2 - - - 52:30 0930 011.0 - _ *

25:30 4230 148.8 - - - 53:00 o71000 007.8 - =

: 351.3 - - §3:30 o 007,0 ~- -

36:00 $350 552.8 - - 54:00 4100 005.4 - . *

27:00 £400 35405 - - -
*



 
=, ra vo ~

XRAY DAY wie
o sh Ee:

  Right Side of Primary Portion — Azimuth Angle

 

      

Minutes Time Albemarle Bairoko

—-

Curtias McK Inley Minutes Time Albemarle

=

Bairoko

©

Curtiss

©

MeKinley
0:00 061700 - - - - 26:00 4300 012.7 - - -
0:30 173% - - “ - 26:30 4330 013.1 - “ -
1:00 1800 - - - - 27:00 4400 013.8 - - -
1:30 1830 - - - - 27:30 4430 014.0 - - -
2:00 1900 - - - - 28:00 064500 013.3 009.6 010.3 -
2:30 1930 341.0 - - - 28:30 4530 014.5 - - -
3:00 062000 - - - - 29:00 4600 015.0 - - -
3:30 2030 ~ - - - 29:30 4630 015,2 - = -
4:00 2100 - - - - 30:00 064700 014.7 - - -
4:30 2130 - - - - 30:30 4730 015,2 - - -
5:00 2200 - - ° - 31:00 4600 015.0 - - -
5:30 2250 343.2 - - - 31:30 4830 016.5 - - -
6:00 2300 345.5 - ~ - 32:00 4906 016. - - -
6:30 23% - - - - 32: 30 4930 016,7 - - -
7:00 2400 346, 3 - - - 33:00 5000 018,2 - - 016.0
7:3 2430 ~ - - - 33:30 5030 018.4 - - -
8:00 2500 347.0 - - 352.0 34:00 $100 018.6 - - 018.1
8:30 2530 - - - “ 34:30 5130 o18.4 - - -
9:00 2600 348.2 - - 3.0 35:00 5200 019.6 - - -
9:30 2630 - - - - 35:30 5230 020.2 - « -
10:00 062700 349.7 - - 333.8 36:00 5300 021.7 = - -
10:30 27%” 391.8 - - - %:0 53%” 021,3 - - -
11:00 2800 351.0 - - 354.8 37:10 5400 022.5 - - -
11:30 2830 352.8 - - - 37: 30 5430 023.2 ~ - -
12:00 2900 354.5 - - 356.4 38:00 5500 022.4 - - _
12:30 2930 356.5 - - - 38:30 $530 022.5 019.7 - -
13:00 063000 358.0 - - - 39:00 5600 021.9 - - -
13:30 3030 357.3 - - - 39: 30 5630 023.3 - - -
14:00 3100 356.8 - - 002.0 40:00 065700 024.) - - -
14:30 3130 357.8 - - - 40:30 5730 025.8 - - -
15:00 3200 358.4 - - 002.2 41:00 5800 026.5 - - -
15:30 3230 000.5 - - - 41:30 5830 027.2 - - .
16:00 3300 359.7 - - ° 42:00 §900 027.0 - - -
16:30 3330 001.0 - - - 42:30 5930 027.4 - - -
17:00 34.00 002.5 002.1 - - 43:00 070000 028.0 - - -
17:30 3430 002.5 - - - 43:30 0030 026.1 - - -
18:00 063500 - - : - 44:00 0100 028.2 - - -
18:30 353 - - - - 44:30 0130 028,3 - - -
19:00 004.0 - - - 45:00 0200 026.8 - - -
19:30 3630 005.0 - - - 45:30 0230 029.3 - - -
20:00 063700 003.5 - . ° 46:00 0300 030.9 - - -
20: 30 3730 008.5 - - * 46:30 0330 031.7 - - -
21:00 3800 009.5 - - ° 47:00 0400 031.4 - - -
21:30 3830 008. § - - - 47:30 0430 032.8 - - -
22:00 3900 007.5 003.4 - - 48:00 070500 033.0 - - -
22:30 3930 009.7 - - * 48:30 0530 033.5 - - -
23:00 064000 009.3 - * - 49:00 0600 033.0 - - -
23:30 4030 011.5 - - . 49:30 0630 033.0 ~ - - .
24:00 4100 011.0 - - 50:00 070700 033.9 - - -
24:30 4130 010.8 - - * $0: 30 0730 034.4 - - -
25:00 4200 011.5 - - - §1:00 034.4 ' - - -
25:30 - ° . 51:30 0830 035.5 - - -

‘ 52:00 0900 036.0 - - -
52:3 0930 035.7 - - -
53:00 071000 0%,3 - - .
53:30 1030 035.2 - - -

54:00 L100 033.8 - - -

“Requised 1-20
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YOKE DAY id
GREEsen aeachat1addadmopeerttennPOeeaerensiememaieaseaie

Left Side of Primary Portion— Azimuth Angle

Minutes Time Albemarle Beiroko Curtiss bicKinley Minutes Time Albemarle Bairoko Curt! se McKinley

0:00 060900 - - - - 15:00 2400 007.7 - - -
0:30 0130 349.0 354.0 - 350.0 15:% 2430 008.0 - - -
1:00 061000 349.0 - - ¥%9.0 16:00 062500 008.2 002.0 352.0 -
1:30 1030 351,90 - - - 16:30 2530 007.9 - - -
2:00 1100 352.0 353.5 352.0 351.9 17:00 2600 010.5 - - 352.0
2:30 , 1130 351.0 - - - 17:30 2630 009.5 - - -
3:00 1200 349.0 353.5 - 350.0 18:00 2700 009.0 - - 353.0
3:30 1230 353.0 - - - 18:30 2730 " 009.0 - - - i
4:00 1300 351.0 352.6 %46.0 350.0 19:00 2800 010.0 - - -
4:30 1330 351.0 - - - 19:30 2830 008.3 - - -
5:00 1400 357.5 354.0 - 350.0 20:00 2900 010.0 - 356.0 357.0
5:30 1430 355.5 - - - 20:30 2930 010.2 - - -
6:00 061500 353.4 - 340.0 350.0 21:00 063000 008.8 357.0 - 357.0
6:30 1530 359.5 - - - 21:30 3030 010.3 ~ - -
7:00 1600 356.2 358.4 - 350.0 22:00 063100 010.2 - 358.0 359.
7:30 1630 353.0 - - - 22:30 3130 010.2 - - -
8:00 1700 355.0 - 49.0 352.0 23:00 3200 010.5 - - 359.0
8:30 1730 354.4 - - . 23:30 3230 011.0 - - -
9:00 1800 356.0 358.8 - 352.0 21:00 3300 009.5 359.0 - 358.0
9:30 1830 357.3 - - - 25:00 3400 01,6 - “ 358.0
10:00 1900 356.2 - - 353.5 25:30 34.30 012,85 - - -
10:30 1930 358.0 - - - 26:00 063500 012.0 ~ "014.0 358.0
11:00 082000 358.3 360.0 - 356.0 26:30 3530 013.0 - = -
11:30 2030 359.2 - - - 27:00 3600 013.5 009, 6 - 357,
12:00 2100 005.5 - 346.0 K, 27:30 630 013.4 - - -
12:30 2130 006.5 - - - 28:00 3700 02,3 - - 355.0
13:00 062200 006.9 359.5 - 357.0 26:30 3730 011.5 - - >
13:30 2230 oo7.1 - - - 29:00 3800 012,5 - - 357.0
14:00 062300 006.3 - - 354.0 29330 3830 013.6 - - -
14:30 2220 008.0 - - - 30:00 3900 013, 013.0 - -
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)KE DAY .
Right Side of PrimaryPortion — Azimuth Angle

Atamic-EnergyAct™ 1946
  

Minutes Time Albemarle Beiroko Curtiss McKinley Hinujes Time Albemarle Bajroko Curtiss McKinley

0:00 060900 - - - - 15:30 24,30 020.4 - - -
0:30 0130 351.0 358.2 - 352.0 16:00 062500 019.9 020.5 010.0 016.0
1:00 061000 354.0 - - 353-0 16:30 2530 017.5 - - -
1:30 1030 357.0 - - - 17:00 2600 021.4 - - 016.5
2:00 1100 357.0 000, 5 360.0 354.0 17:30 2630 019.9 - - -
2:30 1130 357.0 - - - 18:00 2700 020.5 - 018,0 017.5
3:00 1200 358.0 002.0 - 356.0 18:30 2730 019,0 - - 7
3:30 1230 359.0 - - - 19:00 2800 020.5 - - 018.0
4:00 1300 359.0 002.4 - 358.0 19:30 2830 019.0 - - ~
4:30 1330 360.0 - - - 20:00 2900 020.5 - 020,0 019.0
5:00 1,00 ' 003.4 004.0 - 360.0 20:30 2930 020.5 - - -
5:30 1430 005.0 - - - 21:00 063000 021.4 020,3 - 019.0
6:00 061500 006.0 - 002.0 002.0 21:30 3030 025.9 - - -
6:30 15” 007.3 - - - 22:00 063100 022.5 - 021,0 019.5
7:00 1606 010,3 010.0 - 004.0 22:30 3130 022,2 - - -
7:30 1630 007.8 - - - 23:00 3200 023.4 - - 020.0
8:00 1700 011.5 - 004.0 006.9 23:30 2 023.0 - - -
8:30 1730 010.5 - - - 24,00 3300 022.3 023.4 - 021.0
9:00 1800 013.0 012.2 - 007.5 24:30 3330 623.5 - 023.0 -
9:30 1830 014.0 - - - 25:00 34,00 024.2 - - 021.2
10:00 1900 013.7 - 006,90 0049.0 25:30 430 024.5 - - -
10: 30 1930 014.5 - - - 26:00 063500 023.7 - 024.0 022.0
12:00 062000 015.4 014.0 - 010.0 26:30 3530 025.0 - - -
11:30 2030 020.0 - - - 27:00 600 025, . -
12:00 062100 018.7 - 006.0 012.5 27:30 550 oe os 3 - 022.312:30 2130 018.5 - - - 28:00 ‘00 031.0 -13:00 062200 O18.) 017.5 013.0 28:30 3730 ooo. : 025.0 022.0
13:30 2230 018.3 - - - ; B00 026, -
14700 062300 019.3 - 012.0 014.0 39.30 380 O28" - - 02460
14:30 2330 020.0 - - - : . .15:00 062200 019.0 . . 015.0 3:00 3900 027.8 025.7 032,0 -
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ZEBRADAY

 

Left Side of Primary Portion — Azimuth Angle

 
Minutes Time Aibemrle Bairoko Curtiss McKinley Minutes Time Albemarle Balroko Curtiss McKinley

0:30 060430 002,5 ~ - 359.0 15:30 1930 016.5 - - -
1:00 060500 001.3 - - 358.0 16:00 2000 017.4 006.5 - -
1:30 0530 360.5 006.5 - 358.0 16:40 2030 017.7 - - .
2:00 0600 359.8 006.5 009.0 357.0 17:00 2100 017.3 - - .
2:30 0630 , 359.9 - - - 17:30 2130 018.0 - - -
3:00 0700 359.7 004.5 - 357.0 18:00 2200 018.0 - - -

3:30 0730 359.8 - - - 18:30 2230 019.0 - - -
4:00 0800 359.8 004.0 352.0 357.2 19:00 2300 019.5 - - .

4:30 0830 001.8 ~ - - 19:30 2330 020.0 - - -
5:00 060900 000.5 005.5 - 358.0 20:00 062400 020.4 - - -
5:30 0930 001.68 - - - 20:30 2430 021.0 - - .
6:00 1000 001,1 - - 359.2 21:00 2500 021.0 - - .
6:30 1030 002.0 006.0 - - 21:30 2530 020.8 - “ .
7:00 1100 002.9 007.0 - 000.5 22:00 2600 021.9 - - -
7:30 1130 002.9 - - - 22:30 2630 020.2 - - 1 =
8:00 1200 005.7 008.0 - 603.2 23:00 2700 021.5 - - .
8:30 1230 006.3 - - - 23:30 2730 021.5 - - -
9:00 1300 007.8 005.0 - 004.0 24:00 2800 022.0 - - -
9:30 1330 008.2 - - - 24:30 BW 022.4 ~ - -
16:00 061400 008.5 - - 006.0 25:00 062900 023.2 - - -
10:36 1430 010.5 - - - 25:30 293 024,0 - - -
11:00 1500 011.0 - - 008.0 26:00 3000 023.8 “ - -
11:30 1530 011.0 008.0 - - 26:30 3030 023.8 - - _

12:00 1600 013.8 - - 008.0 27:00 3100 024.2 - ~ .
12:30 1630 012.4 - - - 27:30 3830 024.0 - - .
13:00 1700 013.2 009.0 - - 28:00 3200 025.4 - - .
13:30 1730 015.9 - - - 28:30 3230 - - - .
14:00 1800 016.2 - - - 29:00 3300 u25.3 - - -
4: 1830 016.3 - - - 29:30 330 - - - .
15:00 061900 016.5 - - - 30:00 4400 025.8 - - .
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ZEBRA DAY |

 

Right Side of Primary Portion — Azimuth Angle

  Kinutes Time Albemaria Ba iroko Curtias McK tuley vinutes ime Albemarle Beiroko Curt ise McKinley

0:40 0604 30 009.2 - - 001.0 15:3 1930 029.0 - - “

1:00 0L0500 007.8 - - 001.0 ' 16:00 662000 029.8 o¢M.0 - 025.0

1:30 0530 007.4 009.0 - 004.0 16:30 2030 o31.1 - - -
2200 Ou 008.4 009.5 017.0 - 17:00 2100 029.7 - - 027.5

2:70 0630 008.8 - - - 17:3 2130 031.4 076.0 - -

3:00 0700 olo,2 ~~ 013.5 - 005.0 18:00 2200 oR.3 - - 028.5

3:30 0730 010.3 - - - 18:30 2230 032.3 - - - |
4:00 ueoo 012,90 - 004.0 000.8 19:00 2300 033.4 - - 030.0

4:30 0930 013.1 - - - 19:30 2330 034.2 039.5 - -

5:00 700 015,48 017,0 - 008.0 20:00 2400 O-.S - - 030.0

5:30 0930 015.3 - - - 20:30 24,30 035.1 - * -
6:00 001000 o14.5 - 010.0 010.0 21:00 062500 035.3 040.5 - -

6:30 1030 015,0 018.0 - - 21:30 2530 035.8 - - -

7:00 1100 015.7 020,0 - 012.5 22:00 2600 036.0 - - -

7:30 Lito 016.2 - - - 22:30 2630 016.0 - - -

8:00 1200 017.6 021.0 014.0 012.6 23:00 2700 036.9 045.0 - -

A: 30 1230 019.0 - - - 23:30 2730 037.0 - - -

9:00 1300 020.0 - - 015.2 24:00 2800 039.0 - - -

9:30 1330 021,0 - - - 24:30 2830 040,0 - - -

10:00 1400 021.0 - - 017.0 25:00 2900 038.8 043.0 - -

10:30 41430 021,3 a24.0 - - 25:30 2930 ogo,§5 - - -

11:00 061500 023,0 - - 019.0 26:00 00 038.9 - - -

11:30 1530 024.2 - - - 26:30 3030 039.6 026.0 - -
12:00 1600 025.8 - - 020.0 27:00 3100 039.7 - - -
12:30 1630 026.8 - - - 27:30 3130 040.5 - - -

13:00 L70¢ 028.4 029.0 - 021.5 28:00 3200 041.3 ° - -

13:3 1730 029.2 - - - 28:30 Rx - - - -
14:00 1600 029.8 - - 022.5 29:00 3300 040,60 048.0 - -
14:30 1830 028,2 - - - 29: 40 3330 - - - -
15:00 1900 028.9 ” - 023.2 *:00 400 041.5 - - -
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Appendix II

Meteorological Report on the Visible Atomic Clouds

Operation SANDSTONE

NEATHER OBSERVATIONS FOR TEST PERIODS

-1



 

SE

able of Contents

SURFACE OBSERVATIONS

Hourly Surface Weather Observations

Abbreviations

TRAY DAT
YOKE pat
ZEBRA DAY

Weather Observations at five minute

4ntervals for B-hour on IRAY DAT

Weather Observations at five simute
intervale for H-bour on YOKE at

Weather Observationa for fifteen
minute intervals for H-hour om

TERRA DAY

UPPER WIND CBSERVATIONS

xRAY DAT
YORE DAY
ZEBRA DAY

UPPER AIR OBSERVATIONS

TRAY DAY
YORE Dat
ZEBRA DAY

II-3

TI-,

Ti-5
Ii-10
II-15

W-20

O-22

IT-22

T-23

TI-24
Ti-25
TI-26

I-27

TI-28
IT-29
11-31

ot CD

Locats ¢ the | ing Stauions:

From midnight until H-hour, on all three tests, the four observing ships were
anchored in the southeastern part of the Eniwetok Atoll, just west of Parry Island and
about three and one half miles north of Eniwetok,. After H-hour the movements of the
ships were as followa: Tha U.S.S. Bairoko was charged with responsibility of ronitor=
ing for radiological safety purposes and for landing the helicopters, That ship began
to move alowly toward the test island at approximately H-hour plus one hour and by mid
morning was anchored within a mile or tro of the test site, .The other three ships de-
parted the observationalanchorages on TRAY and YOKE DAYS and one by one proceeded to
the new anchorage just off the island where the next weapon would be fired. On RAY
DAY the three ships moved to Aomon, on YOKE DAY they moved to Rimit, and on ZEBRA DAY
they remained at their anchorages. Therefore, the observations for H-hour are at the
locations of the ships and the weather station at Eniwetok rather than at the test
sites, Shower areas were widely scattered and small so that on XRAY DAY showers oc-
curred on some ships while not on others; however, other meteorological elements ob-
served are believed to be representative of the antire atoll,

Amounts
Some observers have included the atomic cloud in their observations of natural

clouds when the atomic cloud added more than one tenth to the totel sky cover, The
cirrus and cirrostratus reported on IRAY DAY were to a large extent the remains of the
atomle cloud.

ZinesofUpperWindand UpperAixSoundings:

The times of the upper wind and upper air soundings are the times the balloons
were released. The balloons rise at approximately 1000 feet per minute. Therefore,
the average sounding to 60,000 feet should be considered to be representative of the
wind at lower levels during the first part of the hour following the time of releana
and representative of the winds at highest levels at a period of time approximtelyone hour after the time of release,
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HOURLY SURFACE WEATHER OBSERVATIONS

XRAY, YOKE, and ZEBRA DAYS

USS Albemarle

USS Bairoko

USS Curtiss

USS Mt. Mc Kinley

USAF Weather Station Eniwetok

ALSO, WEATHER OBSERVATIONS FOR FIVE MINUTE INTERVALS

FOR XRAY AND YOKE DAYS AND FOR FIFTEEN MINUTE

INTERVALS FOR ZEBRA DAY.
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ABBREVIATIONS

1. Gesling(Bods, ofFoot):

"E* means astinated.

Example - "E-20" meana ceiling
estimated to be 2000 feet.

2. Sky

age means clear

"S* means peattered, 15S moans scattered at
1500feat.

"B" means broken
"O" means overcast

These letters replace the common teletype sumbola O,
M, OM, and Q, respectively.

"/" signifies that the word highshould be
used with the symbol that it follows.

Examples - 0/, B/, and S/ mean high
omarceat, and
acattored, respectively.

"+8 means thick or dark.
*—" meana thine

Symbols in combination are read a8 follows:

-0/S mesne thin

high

overcast,

lower

scattered.
BB means brokon.Jowerbroken.

B means bigh overcast,lower darkbroken.
skis weene

thinhirh

scattered,

lonerscattared

at1500feat.

 

3. Weather:

RW means rainshower
RW- means Lightmin shows

4. SonLevelPreeaures

"083" means that the sea level pressure Fes

*O00" means that the sea level preseure was

2000,0millibers

5. WindYolocity:

Wind velocity is in kmota unless otherwise

stated,

5, PressureTendency:

This figure is derived from the trace of the
barograph and describes the behavior of the
barograph pen during the past three (3) hours.
The figures have the following meaning:

(Pressure higher than, or the same
as thres (35 hours ago.)

O ~ Rising, then falling.
1 - Rising, then steady; or rising, then

rising nore slowly.
2 + Unsteadily rising, or unsteady.
3 - Rising steadily, or steady.
4 ~ Falling or steady, then rising; or

rising, then rising more rapidly. .
(Pressure lower than three (3) hours ago)
5 - Falling, then rising.
6 - Falling, then steady; or falling,

then falling pore slowly.
7 = Falling, wisteadily.

& - Falling steadily.
9 - Steady, or rising, then falling; or

falling, then falling more rapidly.

7. PresgureChange:

This figure is in millibars and tenths of millibears.
Whether this value ie plus or minus must be deter-
mined from the pressure tendency figure.

@. mount Low Clouds

Amount in tenths of low cloud entered in following
column. Additional amounts of other low cloud are
entered in remarks. (Amounts of middle and high
clouds are also in tentbs.)

9, rpsLow Clouds

Cu - cumulus

20. TneofMiddleCloud:

de - altocumlus
As - altostratus

11,

Immaof

liteh

Clouds

Ci - cirrus

Cs - cirrostratus

12. Remarks:

FOPN IN SGT means precipitation insieht.
QUADS means guadranta.

205, 805, mean

8000 feat, respectively.
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Zebra Day

Weather Observations for !5 min. intervals for H-hour

  

Anount Type Hase Top Ancunt Type Height Amount Type Height
Time Sky Weather Cld. Cld, Low Cld. Low Cld, Mid. Clad, Mid, Cld, Mid, Cld. High Cld, High Gld, High Cid.

0600 o/S  - 2 Ou 1800 2000 - - - 1.0 C4 20,000

615 o/s - 22 Cu 1800 2000 - - - 1.0 C4 20,000

063 o/S - 3 Cu 1800 2000 - ~ - 1.0 Ci 20,000

cous o/S - 3 Ou 1800 2000 - ~ - 1.0 C1 20,000

ojo o/s - 3 Cu 1800 2000 ~ 5 - - 1.0 ci 20,000

0730 o/s’ - +2 Cu 1800 2000 - - - 1.0 Ci 20,000

0830 O/S - 4 Cu 1800 2400 - - - 1.0 C4 20,000
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XRAY DAY
UPPER WIND OBSERVATIONS

CD = Wind Direction
VV¥ — Velocity (Knots)

Eniwetok Eniwetok Eniwetok Mniwetok Miwetok Mniwetok Iniwetok Albemarle TEniwetok Bari oko Eniwetadke Enivetok

 

 

Time Local 0000 0200 0300 0300 0600 0900 1000 1000 1600 1600 2000 2100

pp ww mM w DD ww ww ipo iw Dm wimiWwimMmijeWwWé#somMj#FSEW rm WwW MD iW m w

Het, In Ft,
SURFACE 10 09 «40090 06 060 08 090 & 09 10 o7o0 14 #120 0 100 O08 090 ll oo 1 100 14) «O80
2000 10 11 10 10 090 11 «#4090 12) «10 13 070 @ 10 10 OO 0 oml 090 14 «070 16 090-16
4000 100 17. «100 13 100 10 100 12~ 100 10 00 2 8610 11 «#20 «0—isétH. a1 070 13 00 © 100 2
6000 10 68 12 10 100 09 «=600:«12—~—té=“«*22‘2'-s«WD2 100 2 «#12 17 «#2110 06 og 12 090 12 «10 2% 10
8000 160 10 130 12 130 11 213% 10 2110 18 00 2 1219 #210 14 #10 1l0 13. 090 16 «=llo 14
10000 130 140 oo 211 ilo 10 «614% 10) «#1130 13 o80 14 «#120 12) «oO O88) «(100 «14 12 11 10 18 10 10
12000 150 0 150 O7 150 07 «2H OO 120 11 m0 10 120 09 110 10 110 09 ~«2110 1 100 09
14000 lho 06 1 170 08 190 0 1ho CB 070 6 160 09 120 18 1200 @6 101 O70 O07
16000 150 11 160 10 160 11 170 8 140 co 06) «1M a1 tho 10 160 09 OW C2 OO
18000 180 190 10 200 o 160 14 «140 06 06 120 10 110 03 140 03 30 05
20000 190 190 07 2ho 180 12 140 c2 210 a2 270 230 08 210 03 310 09
25000 210 13 +200 14 ao 240 10 220 10 120 08 270 06 280 06 260 10 280 09
30000 280 12 270 9 13 12 AO 13 ao 15 260 13 270 15 220 19
pao 2200 15 «220 1 Zio 21 «42230 2 «20 16 200 12 210 27 220

we be BA BS M* Be & 2 pe bp a 2 i210 1
p00 260 ie eo 14 230 230 18 240 12 Xo 22 Sto 23 210 O07

210 15 1% 10
T0000 oe 6
80000 360 11
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ID - Wind Direction (Degrees)
W - Velocity(Knots) * . YOK E DAY

™ Eniwetok Eniwetok Mniwetox Albenurle Bairoxo Eniwetok Albemarle Fniwetok Eniwetck Buiroke Eniwetak Eniwetak

me Local ooo 0200 0300 0300 01100 000 1000 1200 1500 1600 i6on 2000 2100
wip wi {op wip w DD Ww DD wip wiipmwimpwipwimwfiowthfhmp w

t,in Ft.
SURFACE 30 «14 060 14 O90 12 O90 14 080 13 o7o 13 08% 16 |o7O 11 }080 12 oo 16 0b) 15 Of 14 O70 12
2000 080 21 08 15 O90 21 O70 20 060 19 o70 18 070 18 |970 15 060 18 13} Ob} 13] 060 18 O70 16
pox O60 22 080 15 090 2 o7o 16 060 15 | 065 12]; obo 18 13

08 22 080 18 090 17 [G70 18 080 19 090 10 08 14 [O70 09 O6O 11 OlO 08 OFC 0 OH 12 HO 1
po 080 18 OBO 2 990 1b 170 06 090 06 on 02 060 o1 O70 7

080 17 080 17 100 13 j070 16 090 12 180 0 1120 0 |160 o2 2lo 10 ol0 OF obo Oh] an ob 190
7000 080 16 090 1k 12 10 120 28 20 12 025 11 200 08 20 07
8000 o80 14 [100 09 120 09 [150 le 130 06 130 291190 10 {190 12 200 12/010 13 020 14] 290 20 og
9000 o90 12 110 11 100 «10 150 33 200 11 00> 13 200 08 20 10
10000 90.10] 110 11 100 10 Jiko AG lw 1c 150 200 10 |180 10} 220 07 O1O 12 O10 11 Oly O& 290 8
11000 990 OF 100 0 10 0 110 T76 OH Ob 170 2
12000 090 08 080 a 13% 0 100 06 090 27 100 02 110 O 090 O2 130 03 120 Oj abo of 170 05
1 080 08 00 09 ojo m9 % O79 03 Ou 03 170 02
1 o7o of 050 «10 0) [120 12 060 06 BO 080 08 {O70 Ok {090 92 {170 OF 170 03 180 o& o70 03
1 020 03 030 2 180 02 150 03 070
1 30 04 030 O 34o 02 [140 Ob 030 & 190 2h 1uo Oo 130 13] 170 02 270 03 275 02 ogy gy 0 on
17000=— 100 4 O70 03 260 02 no 100 04 320 OL 120 03 |
18000 120 o4 c2 220 020 08 130 03 80 30 160 C2 F170 O {170 OF 170 03 165 03 Yo o2 190 08
19000 1ho 605 140 G2 2ho 08 190 % 1n 195 0 ao 09
20000 \JO 07 23 OF 2H 1O |o7C 16 20 06 Lo 37: 70 34 190 99 130 ip O7 2 0 V0 08 23% 0
21000 190 09 2% OF 200 1Y yO 51 ang on OF ie
22000 ao 12 20 11 2200 2 17o bt 290 12 elo 12 I OF
2 220 15 220 1§ 220 1 180 63 249 14 255 12 Ww 0
2 23% 17 Ao 19 2 BH 210 61 210 12 230 0 500 09
2 220 20} 20 2 200 22 ac 16 0 61 20 12 20 11] 219 10 20 O 235 iho 17
2 220 22 ao 2 200 270 200 13 225 09 170 17
27009 220 22 200 a 200 16 Oo 1yo 17 130 1 ao 20
28000 210 21 20 23 220 us 266 op 210 23 195 23 210 2
29000 210 19 210 22 230 2 270 alo 23 20 23 210 2
wy 200 21 ao 1 2h Op 220 4 270_'y 200 18 [on 2 210 28 an 2g 210 210 3%
5100) 200 2 AO a 2% ~{ 210 B 20 ob ag 46
32000 20 Jl ao ey 230 210 20 24 Zo 4g
He 220 20 WO 220 210 48 215 4o 220 «(6

220 48 a uh oN 210 33 ay 4o 220 45
3 oo eo om 2 220 45 210 38 230 Me 200 mo sO OH lg 220 52
37000 210 51 50 2 220 219 Py ae 3 om 2
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poo tho 24 23033 210 4 no & 1) b ie ee ooS ~ 210 36 200 24 219 190 56 195 220 36
1000 a0 OF a0 P oO ot ~ 710 53 215 oo Ly

am we Lo 320 84 a5 motony 2% 35 200 HH 2% 220 10 ug ‘a220 2 200 «438 220
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XRAY DAY

UPPER AIR OBSERVATIONS

Tlie LOCAL
0200 Aircraft Sounding 0300 Eniwetok 0800  Enivetox i000 Bairoko 1600 Curtiss
PPP TT U PPPoobh sOTT)hOUCDll PPPoohbh TT OUOowm es a on PPP bh OTT) h6OUUlUlwm

960 24.0 61 1012s ODs«s«ié]:s«iBsid18.6)s oR 5 “4 1014 00s 17. tole 0 ieBs=«‘iséd126,0
300 20.J R 1000 we pi % 18,0 1008 370 6 $ 11:5 1000 49400) «a7 R 16:3 1000 30 BO 15.5
850 18, 863 19 Pp 11.8 960 1650 23 60 15.5 &p ly &@ 11.4 gue 2% 90 17.9
800 16, 4s 850 000 19 10.0 937 2 23 BO 15.2 7 19 6. 10.4 898 -2@ FO 11,9
m0 13. oe 820 1B % 61 & iboo 16 8 12,9 5 s020 «218 si2102.7 884 2 a 7.8
00 10,2 805 6600 16 50 8.4 86 5010 18 JO UB 7 11 3 41 850 4990 19 10.3

05.9 2 740 14 200 «348 82H_—s«HBOO.s 18 b 10.3 cO 10300 9 4,2 188 1B 60 9.5
600 01,9 7 joo loio 11 et To 4 ll to 5.5 13 03 50 4h 7m 16 6 4.7
550 “01.3 90 TH 11500 09 2 0 foo 10000 10 3 (0 19260 -07 “X x [09 10x70 12 «6 Ss«#B*LO
too ~06, 50 57o 15900 2 e-2 3 1400 06 & 6,4 X -l7? Xx x oc 60 6,5

-10.7 8 507 18 60 3. 605 14 o 5 4,3 yo 31700 -33)— Xx x 5% G 30 2.9
400 “13-0 7 19 “6 50 2.5 580 15 2 DY 21 528 ~02 20 3.4 |
350 ~16. 98 7 22200 -11 2 1.0 543 1720 -h 49 31 peo 1940-04 2.3

423 ore -13 10 x 19260 6 = i, “9 x x
4oo -16 20 0.8 ope 2200 -0F 20 2.2 Hoo xX -1 x x
371 36500 -18 10 X 400 2500 -16 10 x 34s -2 =X x

7820 -32 «=k x 435 -o xX X 39 32050 -29— X x
2g4 j2h00 -32 «x X 3% 3810 -0 x I 2 - Xx x
ety gion -6§ YX XL FH 390 -H xr x 226 jl xr 2X
an 2 I x 200 toato zB Z X 200 41100 % x x
2 43800 -bl sox X 1% uejoo -72 Xx I 168 - x x
135 Mésoo -72 1 X 100 54700 -78 Xx x

093 56100 “2 x I
02 62700 - x x

PRP - Pressure (Mb) 1 - Tomperature ((C) wi «
- Height (Ft U - Relative Humidity (4) X - Missi

PEP ety 4 NxdngRatio
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XRAY DAY

117

Mniwetok

bhh TTC

000 060i
30 GO
20 22 8
3000 «2k &O
co 2 2

foo 20 «60
ggo «S19
be00 uy =
8 1
ghi00 12 50
10380 10 2
11000 (3
14500 +03 3
170 -02 50
19310 -~OF 3
2000 -«-15~—s:10
31890 -23 -

oe BSOo -0
xX -7h

PPP - Pressure (Mb)
hhh - Height (Ft)

UPPER AIR OBSERVATIONS

2000 Bairoko 2100
uw PPP hhh TT U Ww PPP

17.7 10184 oc 2 79 18.9 1oL2
17.1 100 40O 27 «#70 «617.2 i000
14.5 Bo 50500 OCB
10,8 B18 19 5.6 B75
4,8 800 18 8.0 850
11.3 125 14 lo 86.4 709
10.3 [2 10490 «211 =«50)—CtC*G 2 00
1.3 08 ee 5.6 3
b8 576 ol 3.0 3
wl 20 19440 F026

6.4 33 -ll1 xX 4 G76
6.2. 40 kK -16 I xX 417
2.4 300 -y Xx X hoo
3.1 20 finlo «6—-5tiéK X 364
1.6 358

x 300
x 283
x 200
Xx 142

TT - Temperature (C)
U - Relative Humidity (%)
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1800 18 100
N00 .0Os«d18 jo
Wwoso 18
10000 «Coll HO
10360 +=10 20
12000 «(Ok

eo cot %
20600 -09 2
23900 -15 «30
2 -16 30
27000: ~-2lti‘éY
27000 -mCOi«d

se et
(ae8o 2B x
4y7o0oo =-7OsiaS

uu - Mixing Ratio
X - Mieeaing
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OKE DAY

UPPER AIR OBSERVATIONS

PPP — Pressure (Mb) fT - Te-ersture (C) w - Mixing Ratio
bbh - Height (Ft) U - Relative fuaidity (4) X ~ Missing

TIME LOCAL
0300 Eniwetok 0900 ‘Eniwetok 1000 Bairoko 1500 Curtiss 2100 Iniwetok
PPP obbh OTM CUCU PPP oobhh oOTT hOUUUlCUmCOPPPO om sO OUUlmté«SPPPChCSTTC ass PPP ohhh OTT Ulm

101 oo 2% 81 17.2 1010 oo 2B 72 17.3 10D OO 27 77 «17.4 1008 000 3 & 17.6 1009 00 2 75 17.0
1000 320 & 80 85 1000 (300s @]_:s« 70 1b: 1000 (30 2 yO he 10000 2si2BCCGsi17.w02,'s«d2000—é«é2TTOD 5 p 108
850 4950 16 80 11.9 9u9 1800 2 8 15,2 Pe z 8 15.4 98 720 24 60 13.3 953 1700 22 6 a
sik 6700 12 7o 8.2 867 4300 16 & 9.5 \J 10 10,3 907 1g ie 10.9 932 20 22 Jo 12.8
792 6200 13 2 3.4 850 47M0 17 GO 9.8 BO WhO 16 Jo 9.6 879 3900 19 9.8 879 Be 2 7O 12.2
732. 9100, 12 10 2.2 6300 «15 JO 10.3 780 wh 30 3.2 co To 17 60 9.5 8 18 70 11.8
00 10300 10 10 x Joo «413 0) 6,1 3 1s 5 7.6 7700 «13 «50 js 819 7900 16 JO 10.5 |
74 11300 08 10 x 773 70 14 2 28 7 13 io x BI 810 13 50 1 16 P 5.2

659 11500 08 2 2.6 1 8100 14 4 5.6 jo wp lu x xX 75 890 10 2 2.9 7 8600 12 7.5
610 14000 O48 101.6 Je 9300 12 10 2,2 7o oO 1 5 950 10 OD 2.9 [x9 1028 10 X x
574 15600 01 10 x 706 10100 12 10 X beo2 10 X JOO 1024 09 10 x 12600 06 X x
Bu 1 O12 15 %7oo 10330 lh Xx x 7% 1ydby o x eB 11000 o8_—s X X 62 1330 06 Xx x
537 17300 -O2 30 2.2 573 19700 «Ol 215 D o Xk x uu 2 x x Hed 19190 x x
200 19220 -05 20 2.5 ae 00 3 «624. He ~0o fF x pe 19170 x x 20300 07 Xx x

2200 -07 2 1.1 19250 -0) 2 1.3 4 “1h X 2 -16 4 31,1 9 20900 -o7 Xx x
400 24800 -17 10 x 21000 -09 Xx XL 300 Jou -H I 300 jimo -32 X X 400 2h800 -17 bo 1.0
jon yo - xX Ws 2900 -10 X X 20 Slaw eX 1 2 HM -H & X YO 36H -32 x x
258 panto x X Woo 200 -16 Xx x 10 -0o OE X 200 Hoja -5e Xx X 219 3K00 -%6 x x
200 re ee x x 12 “3 Xk 122 -7%6 Xx X 200 fobio -54 x x
100 54190 x x 130 9200 -73 Xx x
095 55100 -8h x x

PPP - Pressure (Mb) 7 ° cessive Boal ity ($) wi - Mixing Ratio
bin - Height (Ft) X - Missing
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FFP ~ Pressure (Nb)
hhh - Height (Ft)

TT - Teaperature (C)
U - Relative Bumidity (4)

wi ~ Mixing Ratio
X -Missing ,
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FPP - Pressure (Mb)
hhh - Height (Ft)

TT - Temperature (C)
U - Relative Humidity (%)

wu ~ Mixing Ratio
X - Missing
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: Appendix I

Meteorological Report on the Visible Atomic Clouds

Operation SANDSTONE

METEOROLOGIGAL CHARTS
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 eenedPNIE =

SEGRET
Explanatory Note

The following wetecrological charts have béen included in this

appendix becanse they are useful in arriving at an underetanding of the

neteorological processes which affected the atomic clouds, The surface

cherts show the frontal structures and the pressure systems which produced

changes in the lowest portions of the atomic clouds, or which influenced

clam obeervations. The surface charte also permit an estimate of the

meteorological phenomena such as clouds or precipitation which my have

affected the atomic clouls, The constant level charts show the upper wind

circulation up to an altitude of epproximtely 40,000 feet. These charts

show the approximate direction and velocity that each level of the clouds

moved.

Data available aboard the U,S,S, Mt, McKinley bave bean used to

construct both the surface and the constant level cherte. Theee charts

are traced with slight revision from the working charte wed for forecast-

ing during the course of the cperation, The forecasting of upper winds

a@uring critical periods was accomplished with a bigh degrees of success by

the use of the original constant level charts, These charts, as well as

the surface charts, are thought to be accurately dram for the Mershell

Talands and vicinity but may be somewhat incorrect in auch areas as Japan

and the Aleutian Islands because of lack of data,

Hor ZEBRA DAY, surface charte for two days and upper air charts

for three days have been included instead of charts for four days as in

the case of XRAY and YOKE days. Forecasting requiresents for SANDSTOE

diminished with ZEBRA DAY and action was immediately started to nove pen

and equipment out of the operatimal area, After drawing the charts in-

cluded in this report, the meteorological staff no longer had available

sufficient data from the special observational network,

Further study is being made in datatl of the metecrological

conditions which affected the atomic clouis, It is believed that the

atomic cloud material moved along isentropic surfaces rather than along

constant level or constant pressure surfaces, The probability of move-

went along isentropic surfaces has been made the subject of a current

research project sponsored by the Air Force,
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SYMBOLS AND DESIGNATIONS

 

Surface Charts Constant Pressure Charts

A — Cold Front »

"eo — Warm Front H — Area where altitude of pressure

surface is relatively high.
=— Occluded Front

L — Area where altitude ‘of pressure
“ee — Stationary Front P surface is relatively low.

Ad

os«fe Weak Front or Front Aloft — 4800 foot contour line (even hnds

oo ol
> °— Frontogenesis _-7 — 3500 foot contour line (odd hnqs

Cng0°° 33”

te Frontolysis — east wind, 5 knots4
© 3¢ 9 HF

= Diffuse Front -—- northeast wind, lO knots
f
/

rryyy yw oS

_—_——N

or — Easterly Wave / — southwest wind, 50 knots

1

7  — Intertropical Convergence Zone — northwest wind, 115 knots.\

41929 Millibar Isobar
29
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