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Preface By :u;horlty orura.’:f&:,.u‘_r_’.,u‘. . .1,_/__(:/_/‘,,“:_##___,_,

The secondary mission of the metecrological siaff of Joint Tesk Porce SEVEN
was the inplementation of a scientific meteorological program., For logistic reasons,
this misaion was 1imited to whatever sclentific cbservations could be made by the
wmoteorological persomnel and equipment slresdy in the test area because of the opera-
tional requirements af the Task Force. The progras which was planned included docu-
wontation of all meteorvlogical reports, observations on the rate of rise and height
of the atomie clouds, volume of the clouds, microbarograph observetions in order to
obtain preliminary estimates of the bombs' energles, energy estimates of the bombe
from thermodynamic considerations, cloud trajectory calculations, and investipations
of atmospharic turtmlent diffusion.

This report is caoncerned primerily with the data which were collected an

the visible atomic clouds. The metaorological observations contained here sre those
for the test days only. The surface, upper wind, uppar air, and aircraft cbservations
for tha entire dursticn of the Operation SARDSTONE have been collectad and will be made
avaiiable in & publicetion with no security classification, The amounts of energy re-
lensed by the bombs will be consldered only insofar as they affect the atomic clond
formations, The meteorological microbarogreph is not & suitable instyument for measur~
ing pressure waves from stomic weapons end othar meteorologicsl mesthods of stodying the
energles of the weapons are not conclusive enough to be considered at this time, In
this report no atteapt will be made to diacusa the rediological or chemical properties
of the clouds, The phenomens described are those which could be seen or photographed.

Prior to Operation SANDSTONE, almost no numericsl data had been collected om
stowis olouds. Photographs were the best means of studying atomic cloud behavior, but
the lack of photogrammetric dats made this difficult, In particular, no photographs
showed the dlspersiom of the clouds by the upper winds, and very little was imown of
the sanner in which atomic clouds were dispersed. Actually, alwost nothing was lmown
about, how dust or smokes clouds would be dissipated if carried to high altitudes. Thore-
fore, it wes important that data be cbtained not only to deteraine the differences, if
any, between the clouds produced by the three weapons tested, but also to learn about
the genarel bebavior of atomic clouds.

Original planning sssumed that photographs would be available thromghout the
entire 1ife of the visible atomic elouds, but Hehour for all tests was in the early
sorning darkness just prior to dawn, and photographs of the stages of most rapld rise
of the clouds were not possible, FPhotographs show the atomic clouds during the first
fiftesn to thirty ssoonds when in the fireball stage, or show the clouds later wheo st
sbout highest altitudes, or when being dispersed. The SARDSTONE Opermtiom did mot pro-
duce platures of rising cloud mushrooms such as were typical of the CROSSROADS Operatiom.
Nany clovd pletures were attempted during the first test and the mejority were umsable
or photographically dissppointing, For that resscu, fewer cloud pictures were attempted
during the secand test, and almost no oloud pictures wers made during the third test.

As part of the scientific meteorological progrum, weather obeervers were re-
quested to make cbservations of atomic clonds by msans of their theodolites and to use
skotches to show pointa at which the theodolites were aimed or how the clonds were
shaped. Alao, they wers asked to writs vertal descriptims of all atomic phenomena
observed, As the clouds could be seen and sketched, but not photographed, this report
is the only record of the clouds between the extinguishing of the firebmlls and the
time that the highest portims became lighted by the rising sun.

To understand this repcrt, it is necessary to kmov only s few details of the
tests conducted Oporution SAKDSTONE. Three atomic weapons were tested. The firet
was tested on 15 April 1948, designsted ss IRAY DAY; the second was tested on 1 May 1948,
designated as YOIE Day; and the third was tested on 15 May 1948, desigmated s ZEBRA Day.
H-hours were at 0617, 0609, and 0604 hours local time, respectively. All thres of the
weapans were fired near the tops of identical towers approximately 200 feet high, There~
fore, a1l tursts were air bursts and the olonds produced were similar to the ABIE Day
clond at Bikini.
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Bikini; the YOKE Day voapon was somewhat more viclent than that of IRAY Day; and the
ZEBRA Day weapon was perhaps less violant than the ABIE Day bomb. The ZEBRA Day
cloud attained a much lower altitude than eithsr the XRAY or the YOKE Day clouds.

Clouds from air bursts have begun with the same sequance of events. These
include the incomparably brilliant flash of sn atomic weapon, the condensstion clowd,
the fireball phenomena, and the mushroom cloud, These phenomens, which were described
pany times in the reports of Opermtion CROSSROADS, were reported at all three tests
during Operation SAKDSTORE. Differences occurred omly in sise or degree, Uninformed
observere at seventeen, thirteen, and nine milss for the three tests, respectively,
saw no marked difference between the major etomic phmosens and could not compare the
snergies of the P Also, photographs from CROSSROADS and SANDSTONE of the con-
densation elouds end balls look nearly the same. Therefore, no atiempt will be
made to describe phenomena which are not noteworthily different from that reported at
Bikdini.

If 1t hed deen possible to establish two theodolites oo & bese line three
to five miles long and make calculations by means of base line triangulation, wuch of
the discussion and more than a few of the charts in this report could have been omjtted,
Such a base line was not possible as all observers wers concentrated Eniwetok
for simplification of the rediclogical safety problem. Observers might have been placed
on ships butside of the lagoom, but the problem of moving or treining such observars
did pot seex worthwhile in view of the difficulties and the probabilitiss of obitaining
usable data. Much of this report is comcerned with describing the methods used for
deternining the dimensions of the atomic clouds from what 1s mssmmed t0 be & singls
observaticn point. Meteorclogical dsta such as upper air soundings and upper winds
are used to estimate meamremsnts which oould normally be obtained by the use or more
than one theodolite station.

In view of the continued requirements for atomic olcud dats of & meteare~
logical pature, and in view of the radiclogiosal hasard snd difficulties associated
with establishing suitable cbeerving sites, ths procedures used in making the fullest
possible use of the data cbtained at Eniwetok are described in great detall,

It was found, when the problem of reporting on the atomic clouds was ap~
proached, that the loo" effactive way to describe the clouds and tell how they were
affected by metecrclogical elements, or to tell bow the clouds were cbearved, is by
means of pictorial presentationa. Therefors, except for the briasf descriptioms of
the clouds in the beginning, and the conclusices and recomsendations at the end, this
report consists of disgrams, charts, sketches, and photograph Each set of fipgures
or plotures is preceded by a brief explanation, and then the situmtion for XRAY, YOKE,
and ZEERA Days is 11lustrated in turn. -

The mein body of the report is followed by three appendices. These do not
describe the atomic clouds, tut give additional informetion pertiment to s study of
the clouds. They present, in the order givem, a discussion of the observationel
tecimiques, woridng charts, and theodolite data; the weather observatlons for the
test periocds; and the meteorological charts for the test periods. ~
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| The need for the scientific meteorological program was foreseen by
Colonel B, G. Holzman, U.S.A.F., Staff Metecrologist, Joint Task Force SEVEN,
Colonel Holzman organized and gave guldance and support to the entire program
which included the collection and analyses of the data and the publication of

this report.

Major Delmar L. Crowson, Deputy Staff Meteorologist, assisted in every
way in the collection of data, prepared originally the surface weather data
charts found in Appendix ITI, and carried out the administrative details re-
quired for the publication of this repart.

'

Lisutenant Ernest F. Lilek, U.S.N., Assistant Sjpff Weather Officer,
aided in the ecollection of data from the ships of the Task Force and was respon-
sible for the gnalyses of the upper sir charts which appear in Appendix III and
the trajectory studles begimming on page 43.

The collectien of meteorclogical and atomic cloud date in the Eniwetok

Area, except that aboard the U.S,S. Mt, McKinley, wes accomplished by the follow-
ing officers: Major L. H. Pribble, U.S.A.F., Weather Officer, Weather Detaclment

Eniwetok; Ideutemant T, P. ¥ullins, U,S.N., herological Officer, U.S.5. Albemarle;

Ensign E. L. Snopkowsid, U.S.N., Aerological Officer, U.S.S, Bairoko; and Chief
Aerographer, L. D, Blakely, U.S.N., Aerological Officer, U.S.5, Curtias.

The Chief of the U, S. Weather Burean has given full cooperation and
has furnished the services of qualified Weather Bureau persommel upmn request,
Dr. Harry Viexler, Chief of the Special Soientiflc Services Division, U.S, Weath-
Bureeu, has been availeble for consultation and Mr, Fred White of that Divisiop
has proofread the text and has offered bemeficial suggestions in the compilatir
of the publication.

The offices used for the preparation of the printed report were thosy
of the Headquarters, 1009th Speclal Weapoms Squadron whers suitable security
measuros for sageguarding Restricted Data exist. The metearclogicsl section
of the Specinl Weapons Squadran gave the fullest cooperatiom possible. This
Headquarters elso furnished stenographic sssistance.

The monitoring of the scientific meteorological program; the collec-
tion of the scientilf:!.c data; and the preparaticn of this publication (including
the performing of th.e 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 Wr. Paul A, Humphrey, Meteorologist, of the U. S, Weather Bureau,



m m - R s..m
Table of Contents

ProfO00 oovivnonrererrressseraossnursoassossostonsencanstssassssasrannsssnes

Mep of Eniwetok Showing Looations of ODSErving SBADS o..eeueerescnnressecses

Identification of the Three Atomic Clouds, Time H-howr plus 15 minutes

Ilustration).......

Desoriptions of the Atomic Clouds ..eeeesereecossossnassesssrscnsrarsasenses
TRAY DAY .uvoveeosracsancnvasrescnssarasnnnssosoacsssasnavenssases

Diagrams Describing the Three Atomic Clouds .cvreecvsvrecccsssecnorocssacssos
Upper MAnd Vectors ...oceeeasssrencesscersosnntoarosesecssansonensrssassnnn
ZEBRA DAY . ovocnocrovetorsscannanesnsccoscoasonnsunsossossanssnnsas

Upper Air Soundings '
IRAY DAY L ovccvoreorsressemnasornsvesesaasnsaessscsesannssssssanan

YOKE DAY tovvevvvvossonnasvovosaosnssaanosensasasontesocsossencons

ZEBRA DAY . ouuecreroancnvonsrassnnonsnevonncastoonnonnrnsnassnnovnne

Ratas of Rise of the Atomic Clouds seeveercccinnvvencsntoarssornsasasnnscans

JOKE DAY .oieeesvccaoronrsacrasarocssesossonantoacssntascssvosnoss
Locationa of Centers of Rising Atoumlc Clouds eciceevvericensensnuescrrscncans
YOEE DAY ...000cnocncscocsccsancsvensssacanaseroscsscansonssdsasns
ZEBRA DAY .o oovonscnssassvosansrasonrosasscnuscossesoancsannssonsnns
Determinations of Altitudes of Atomic Clouds seseavecesscscnsccvoscscrmacsar
TRAY DAY ococvevvoccroccososseroonnanconssssansansssssansacansasss
YOKE DAY ..ccosvssoncnvesceasnnsncacsssssssenssascssasssennocsoses
ZEPBRA DAY ...ce0ceevsccecscasesacsarsorscsnnosnvacsonnsesncsnsasen
Apperent Dispersians of Atomic CLoudm seeceucerssccrcraroanrsstanronarionen
XHAY DAY sovesanccccestosoncncsencsssannnroscecacsssnanseasnancass
YOKE DAY s.vncsvcvcsascuscecosnsannssersossoncnanceascsssssanssnnne

ZEBBA DAT soccvscvovveoaransncessasesossansssosssensasenrssssnenae

Fage
3

20

Dinensions of Atomic Clouds st End of Three Bours ...cceecveesessosssscsssnan

TRAY DAY t0revesnnnruansososssasacsssasnnnassonsaonsassssannnnone
YOKE DAY 40seunnncsaraccscensnsossonanrsonsansacesssssssannasnnssn
Explanation Of TrafBctOrie8 eevieessosesorarenrseinsaseosesssssssasvanaannnas
XRAY DAY tuuutenuentunnsssossessanasnnsesaoasesstssnnanneeyoanaes
YOKE DAY ooeuvvoeveenncosonnsasinaneassanessssasssananssassscssons

ZEBRA DAY.uuceneennonsensaanacuroesssncosvssnnsrcssnasscscssnsonne

Sketches of the Atomlc Clouds .ueuucccvservecrsescssnsnnssssencrscnssnasanns
XRAY DAY and YOKE DAY, Early SUA®S soeecscccassssceecsonsssssonas

YOKE DAY, Plus 1 hOUF s.eesvovsossessannransssoasssorsescanananane

‘ ZEBRA DAY, Early SagOs uecveceencncrreesosesroorcasnnsrassscscons
Photographs of tho ALoMIC CLOWIS +eveveessessesssesessseseesscassesnssnnsnss
JRAY DAY Pholographs .cevseessavesennnntscrsssessrsscnssvnsnsonnss

YOKE DAY PROLOGTBPHO +vevuenronsrasnreresnrnsnnetssnncssnsssrannce

ZEBRA DAY Photographl.cescessssnceseessrerecrssossansnennncsssanas
ConeluBions su..veersasncsoascsasveossanssacararesossssrtssranssesncssteseness
Early Stages of Atomic Clouds s.eeeseeresnisarecsssvesesosrsocnnannssesasnae
Factors Determining Shape of Cloud in later Stages .ivseccsccascssccssscenas

Recommendations ....cccecveecsasoncnsacnocssscesscsssonnnssesucsntannasnnans

APFENDIX I

Discussion of Otservatiomnal Techniques
Worlking Charts, and Theodolite Data

AFPENDIX II

Weathar Observations for Test Periods
APPENDIX IXT

llateorolugl;:nl Charta for Test Perlocds

YU B LEEEEEEEREY R

55

E 3

T
5



Nautical Miles

2

L

3

1

4
R

//*, l 7} Curtiss
\lbemarle

Bairoko

- [

/ t. Mc Kinley
7

Eniwetok Is.

Map of Eniwetok

Showing L.ocations
of Observing Ships

The four observing chire of Joint Task Foroe SEVEN,
the U.S.5, Albemarle, the U.5,5, Baircks, the 0.5,S,
Curties, and the U.5.3. Ut. LeKinley, were anchored in
the same anchorsges during the three tests, The dif-
ference in the resnective positions of the ships for
oach teat did not vary mih more than a ship's length.
The bows of the ships tere besded into the sssterly
Lrods ninds oo thet theodolites wers set up on the port
cide, Jith the oonstant wind and still mter of the
lagoan, the ships did nol suing more than a fes degress
during any mrticular set of cbeervetions and the deck
Res alnoot as staady as fire growd.

Only one distance for sach test has been used for
all four ships. “han the distances of the test sl
were meosured froa esach ship, it mes found that f
practical purnosss whole miles, retber thean wiles snd
fractions of niles, would give sufficimtly accurats
results,

Proper distance 16 an important comsiderstion whes
waldng seteorological cboervations of stomio phencmena,
On XY Day, oith the test site st Bagebl, the island
waa belor the harizan; and nothing could h seen below
the topu of the cusuins olouds which vers in the vicin-
ity of the tast sita. On Y0AE Day, dooon was just om

1w cloude it was oot possible to repert surface phemoo-
onz near the test site vith essurwnce. On ZBRL Day,
Runit sa3 sasily sesn whea 1ight wes awilahble. The
flood 1ivhts nesr the bese of the tooer wers io plais
vier hefore li-hour, At the distance of 9 milss the
basus of the curlus ¢clouds acpeared mell above the
barizon so thot it wes pot Jifficult to see bensath them,

For oboarmtiops of surface or low altitude phencm-
ena the shorter distances vro weferabtle; however, for
the cbeervation of :lnuln after ther reach maximm alti-
resferred. If the clowd
y ulwd. it is not posaidls
to sight on the top of the highest part. Theodolitss
zust be almed torurd the underuasth side of the cloud,
Perhaps the optimum dintence for generwl observutiom
froo the surface is neer 12 niles,

It #hould tw noted timt all distances used in this
report are nouticel miles.

"-Ath Teguil to orlentation, the poaitions of the
shins ware very favorubly locwted vith rsspest to the
unrer cinda, The clon! materisl woved off to tha ssst
and weot frou the tast aites so thet it was 4n oight
for about thres hours, and thare was s minimm of
rudlolonicnl hasard,
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| Descriptins of the Atomic Clouds

On the opposite page are shomn outline sketohes of the thres clouds as they appeared et
15 uinutes after BE-hour, When seen st ‘this stage, the clouds sach had the festures by which
they are most ensily idemtified, Prior to this time, the clouds hed somewhat the same char-
* scteristica. That is, they comsisted of & globmlar mass cn & thick stem. Afterwards, they
were in various atajes of diffusionjy but at 15 minutes past H-hour the differsnces between
the clouds wers wmistalable.

With all three clouds, the part of the cloud referred to as the * ma8e,% or the
"primary portion," 1s that part of the oloud which seamed to have come from the initial hot
ges bubble, which had been either tha head of a mushroom cloud or which hmd risem because
of its own high temperstures. At 15 sinutes past H-bhour, the primary mess of the IRAY Day
cloud was globular and somewhat resesbled the top of a swalling cusulus olond; that of
YOKE Day seemed to consist mostly of smoke and dust and was not essy to distinguish froe
b%he stem because of the irregularities of the oloud; and that of Day wa® samething
14ke the remains of an oversised smoks ring. Observers were instructed to alm their theo-
dolites at each side of the primary mass in order that the diameter of the radloactive
olqgud eculd be roughly oalculated. -

The words "highest point® also require explanation, Uhen the primary masses were rising,
the highest point was simply what appeared to be the top of the globular mess, or mushroos.
However, unexpected changes whish copfused the observers, tock place in the topa of all of
the clouds. The IRAY oloud developed a wing-shaped sheet of cirrus which is referred to
48 a "plume;* the YOEKE oloud spread at the top s0 that it had the "anvil" shape of &
cumulonimbus; and the ZFRA Day oloud had & projection, or "finger," which pushad out through
the primary mass, In the case of the YRAY Day cloud, some of the obaervers shifted their
aiming point from the primary mass to ths near edge of the plume, since the elevation angle
of tha edge of tha plume was larger. They almo shifted to the end of the finger on ZEERA Day
for the same reascn. It is only through the use of the original aketohes that it 1s possible
to tell how tha theodolites were aimed. The point referred to as tha "highast point” 1smeent
t0 be the highest part of the primary mass; however, in the case of the I0KE Day cloud, the
rrimary mess 1s so poorly defined that it 1s impossibls to determine whether or not the eleva-
tion angle for the top of the anvil is the same as that for the top of the primary mass. In
the case of the ZEERA Day cloud, the top of the finger-like projsction is actually the part
of the cloud highest in elevation, but the plume and the anvil of the JRAY Day and the YOKE
Day clouds ars only signs that the top parta of the clouds are spreading out against the btase
of the stratosphsre. As cne of the purposes of the théodolite observations was to obtain the
true altitude of the rudicactive clouds, the fact that some cbeervers shifted to minar fea-
tures of tha clouds was undesirable, Uswever, whers dats can be obtained far the minor fea-
tures without the loes of information for the primsry wasses, sush data should be collected.

That part of tha mtomic clouds which 1s referred to ea the "stam® of the cloud (uot la-
beled on the sketches) ia what is below the primary mass, The stea of the clonds conslsted
of material swept up from the surface or lsft behind as the primary mess coolsd in rising.

The XRAY Day cloud bad another featuwre besldes the plume not comman to the other two
clouds. That 1s, it had a distinot "hreak® betwsen the primary portion and its stem,

Phanomena comman to all air bursts of atomic weapous which should be mentioned as part
of a meteorological report on atomis clouds are discusmed below in the approximate order of
their occurrence,

Hehour was marked by the indescribably brilliant flash, On all three tests, cbservers
actually felt the radiant heat on thair feces for a brisf inptant, but ths hsat was of too
short duration to be recarded on any ordinary meteorological squipment. (Ko observer should
look directly at the test site at H-hour without a suitable dark filter for his eyes, and no
ordinary instrument should be polnted st the flash.)

Inscdiately following the flash, the growth of the hamispherical candensation cloud be-
gins, Tt grew at approximately the spesd of scund as the drop of atmospheric presswre behind
ths sxplosion wave caused condensatiocn of water vapor. The determination of the sxmct dimen-
sions of these special clouds were not part of the metearological program as their sizes are
important cansiderstions in emergy caloulutions; however, for the purposes of comparison, it
will be stated that the IRAY and the ZEERA Day condensation clouds wers sbout 5 miles in dim-
woter and the YOKE Day cloud was nearly 6 miles in diamster., In each case, the condemsation
clouds had nearly smooth white sides and were brilliantly lighted from witkin, They appeared
to bs nearly hemispherical, but the YOKE condemsation cloud was distinctly flattened on the
top side. It was diffiocult to see the bottom of the JHAY Day condensation ¢lond because of
diptance and natural clouds, and the base of the YOKE Day cloud seemed to rest nearly on the
surface; however, the base of ths ZEBRA Day condensstion cloud was at gbout 2,000 feet, so
that it was poasible to see under it and to see the flames around the base of the fireball.
The condensation olouds disappeared from the middle outmard so that to a surfece cbserver
these clouds seemed to vanish instantanecusly, Prom the air, the clouds bad the shape of a
doughmut, with the incandascent gases of the fireball in the middle, (See Note Below)

After the candensation clowd dissppsared, the incandescent gmses which formed the atomie
cloud were seen. The colors of these hot gases changed from nearly white, to yellow, to
orange, and then to red in about 20 seconds. The oloser the test site, the brighter the
flames in the firetmll appeared and the longer they secmed to last. The quantity of the mate-
rial in the YOKE Day cloud was notiseably greater than that of the XBAY Dey test; and on YOKE
Day, the flameo seomed to spread over ths ialand and linger momentarily before starting up-
ward, At sbout Heh plus 10 ds, the firetmlls were pearly spherical exsept for their
flattened tops, and they seemed to rest on a psdestal of mmoks and dust which hed beem swept
up bohind them as they begnn their repid rime.

As the brigbtar colors of the fireballs faded, the soft, blue.wiolet luminescence af the
louds was revealed, This glow seemed to ocour both within {he clouds and im the sir which
was clossly surrounding. The intensity of this luminescence and its duration is greatly de-
pendent upon the distance of the obeerver from the cloud, The luminescence of the XRAY Day
cloud faded gradually and disappearsd in about two mimites, whereas the glow of tha YOKE and
the ZEBRA Day clouds lasted about four minutes. The faot that the clouds were gelf-luminous
is impartant to vimal observations as features of the clowds could be seen evem before the
mworning twilight became effective. It is presumed that the ABIE Day cloud at Bikini also
g.o;:;naod this pooperty of luminascence, but that the strong sunlipght prevented the glow frouw
sean,

While the luminescence was being observed, the presasure wave associated with the sound
of the explosion mrrived. On IRAY Day, the pressure wave arrived at the obeerving shipe in
about cne and one~half mimutes, cn YOXKE Day, the wave arrived in about ame mimute, and m
ZEERA Day, tha elapsed time was 45 or 50 seconds. There wes no feeling of phywical push from
any of the pressure waves and no feeling of dlacomfort., Ordinary weteorological instruments
were not significantly affected by the pressure waves, Ths ordinary microbarograph is de-
signed to resist sudden preasure changes, Hovever, apecially bullt microberogrmphs on the
U.3.5. Mt, McKinley without damping mechanism showed pressure changes for the three tests of
2.5, 7, and 9 millibars, respectively.

The sounds of the three weapons were as follows; On XRAY Day the mound was s deep
rusble resembling hesvy thunder, whereas on YOKE Day, the sound was a resounding “pop" which
wap much different from the soumd of the XRAY Day wespon, The sound on the YOKE Day weapan
was similar to the sudden report, camsidersbly magnifisd, of a paper bag which is forcefully
burst in e ssall room. Of posuible interest is the fact that ths scumd did mot seem to come
from any particulsr direction, An obssrver not knowing the directiom of the test site would
not bave boen sble to point to ite source. The Z:ERA Day explosion sommded much 1ike the
"bang* of an eight-inch gun, if the gun were heard from several hundred feet amy. Although
the TRAY Day explosion had a rumbling scund, there were no reverbamations an YOKE and ZEEBRA

Dnys.

Notet The .condensation cloud grew to full slze and dlsappeared in 5 or & seconds.



Description of the XRAY Day Cloud

The stomic cloud pushed through the deck of broken cumulus eclouds almost

inmodiately and was above the highest cumilus shortly after the first minute. During
the period of moat mapid rise, the cloud showed the internal circulation which was
observed at Bilkdni spd was in the charwoteristio mushroom shaps, A48 on ABIE Dey at
Bikini, severwl short cloud streamers, or spurs, seemad 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 reachsd 40,000 feet at eppraximately H-hour plus

5 minutes, an ice cap was seen to form, The darimess prevented careful observagions,
and all of thes obeervers did not report this ice cap phenomana,

At the sixth mimute, the clond top was approximately 44,000 feet and the
sketobes ahow that the cloud consisted of two major portions, the mushroom with its
tapering stalk and a large cumulus-type cloud from whisch the stalk appeared to extend.

_This lower cloud portion reachsd up to an estimated height of 15,000 feet and was
ninglad with ths other lower clouds so that it was mostly obsoursd. As the mushroom
continuad to rise, it began to move eastwerd with the prevalling scuthwesterly winds.
This drift to the sastward began between the third and fourth mimrte When the cloud
reachad approximately 30,000 feet. Meanwhile, the lower portion ws drifting west-
ward, and the stalk or stem wes elongating and becoming mmaller in dismetexr,

At nine minutes and thirty seconds past H-hour the U.3.5. Albsmarls ob-
servers recordsd a olean btreak between the upper and lower cloud masses and this shear
s t.ltinltod to ooour at 20,000 feet., The stem of the cloud rapidly dispersed in
this region of wind shear dwring the following three or four mimites, leaving an
irregular patoh of dust or smoks which separated itself fram both the upper and lower
portiona of the cloud,

...|0._‘

Betwean ‘ﬂm twelfth and thirteenth minute, the mushromm rclcllnd its highest
slevatian. The highest slsmtion angle was recordad at this time, Almost Lmmediately,
a thin cirrus plume formed when a protuberance from the top-most part of the cloud ex-
tended up into the northeasterly wind which was in the stretosphere, To a ship-borne
observer, this cirrus-likes plume first appearsd to extend upward snd westward from near
the cemter of the globular mss of cloud which had shartly befare been the rising msh-
room, The tase of the plume became trosder while the tip remained pointed so that the
goneral effect was that of a bird's wing extending horisontally from tha cloud in the
Urection of the ahipa, .

i
Tha upper portion of the atamic oloud was estimated to be approximately 5.5

miles in diameter at the time it reached maxismum altituds, and its center was 19 miles
distant from the observing ships. After resching maximum elevatiom, the upper oloud
nass moved with a wind from 230 degrees at approximtsly 25 knots, as the wind-shapsd
sheat of oirrus above trailed behind.

The IRAY Day oloud disappeared from view in the following mammer, Ths lower
ommlus-4ype portlcn of the cloud remained visible until sbout H-hour plus twenty min-
utes and then was lost to observers becauss of other clouds, Tha stalk of the mushrooa
formed s broad, irregular shaped area of fins dust and smoke whick appeared to disperse
dtmelf in the yegion of wind shear. This smoky patch dissppesred at about H-hour plus
two hours, Meanwhils the primery porticn maintained its generul shaps but appeared to
beoowe thin and mheet-like so that it closely resembled cirrooumilus, Finally, st
approximately H-hour plus three hours even this most prominent part of the atomis oloud
oould not be distinguished by surface observers.

A




Description of the YOKE Day Cloud

Vhen the capdensation cloud vapished, the flaming gases which oamposed the
firetall were soen. The flames arcund the base of the fireball sesmed to spread owd
over the island and appearsd to linger mamentarily before starting upmrd, The quan-
tity of constituents in the firetmll appeared ocusidarably greater than on the IRAY
Day test, There was an extremely rapid inorease in volume and latersl spreading of
the top in this early stege. In mbout 10 seconds the ball of cloud lmd grown to a
diameter of cne mile., After this initial repid expansion, the diameter increased
more slowly. At the end of ane minute, it is estimated that the mushroom top was
about two miles in diamater. The brilliant yellows snd oranges changed to red as the
incandescent gases cocled in about 20 seconds. Fram about H-hour plus two lin;ztu
to H-hour plus five mimutes, the cloud was rising as a large spheriocsl mass on a
broad stalk. At first, i{ began to take the charscteristic sushrooms shape but for
same resason, perhaps its size, the cloud was not able to maintain the ring shaped in-
ternal circulation seen in previous clouds. The primery portian rose more nearly as
& glgantic bubble of gas, Instead of the cloud material cascading domm the side of
the mushroom and being drewn back imto the bottom as on YRAY Day, the YOKE Day cloud
left a relatively thiock trail of dust and sacke in its wake, By the time it reached
maximm altitude, thers appeared to be a dimimition in volume of the hot bubble be-
cause of the large quentity of material left behind, There alsc sesmed to be lesa
moisture condensation sssocisted with this cloud, Instesd, it appesred to be more of
a amoke cloud.

After H-hour plus five minutes, the stalk of the mushroom showed a bend to
the east as the strong terly winds b offective, and at H-hour plus 12 minutea

the cloud Teached its maximus sltitude of 55,000 feet. Whan this altitude was reached,
the clowd copsisted, from the surface upmard, of a thick vertical mass estimated to be
one and ane-half miles in diameter which extanded to 15,000 fest; a slanting column,
tilted tooard the eastyof irregular patches of reddish-brown smoks and dust; and the
upper dominant mass which was about five miles in diameter and three miles thick. All
marts of the cloud wers comnected togsther, and there was never s clear break as
ooccurred on IRAY Day,

At about H-hour plus 16 sinutes, & swolling cumulus cloud with o top at
9,000 or 10,000 feet had formesd near the zero island. This cloud moved with the
sasterly winds and was lost among other clouds et the end of fiftsen minutes, A4lso,
at )6 minutes after H-hour, the highest portion of the atomis oloud was in the form
of an anvil top, eimilar to that Tound on a cusulonimbus. This anvil ia thought to
have been caused by s spreeding out of the top of the cloud as it flattened itself
ugainst the strutospheric inversion., The top of the cloud seems to have reached the
bese of the stratoaphere in about 12 mimites, but the snvil took about four mimites
to form. The spreading out of the top of the atomio cloud has been taken to be an
indication of when the olond arrived at maximm altitude, The highest part of the
stomio oloud remained in this anvil shape mtil sbout the twenty~fifth minmte past
H=howrs

At H-hour plus ops hour, the highest purtion, or former Yanvil,® seemed to
oontain the only moisture in the entire cloud. It appearsd to hmve stretohed out in-
to a rectangular patch of cirrecumilus; whereas the remaminder of the cloud maintained
its reddish-brown color and emoky, dusty appearance, In e hour, the cloud bad been
drawn out by the structure of the upper winde into a ribbon which had extremities
about 50 wiles apart. This ribbon varisd in width and density, but remsined unberaken.
Generally speaking, it sig-sagged downward in a slanting line from east to west and
reached ccapletaly scross the morthern sky, Its motual sheps 1s shown later in a
sketch (page 50) and in a photograph (page 68).

In one hour the cloud had moved away until it was lese then 10 dogrees above

the horism; and after two hours it appeared at such a low angle, and ms so dispersed, .
that its general form could not be determined,




Description of the ZEBRA Day Cloud

The ZEBRA Dey cloud in its initial stages was about nine miles away, Per-

kaps because of its nearness and the uncbstructed view, the flames in the fireball
seemed brighter and appeared to last longer than those of previcus weapons. During
the first two mimites, the cloud was rising alwmost etraight up. The cloud had the
familiar sushroom form, tut the head of the cloud did not have a well-defined circu-
lation after the second minute, At the end of the third minute, the upper part of
the clovd began to move tomerd the esst, as it became subjected to the westerly winds.
From the third minute until after the eighth minute, there was little change in the
shape of the atomic cloud, It contimed to rise and was bent more and more towa

the eaat. By the ninth mimite, the finger-like projection which rose out of what had
been the primary portion could be seen plainly. It appeared that a relatively smnller
bubble of hotter gases was ccntained within the primary portiom of the atomle cloud,
and that this relatively hot bubble did not cool as rapidly as the remainder of the
cloud, When the primary cloud mass stopped rising, this bubble continued its rise for

an additicnal 5,000 feet befare coocling to the temperature of the surrounding air,

This projected portion of the cloud rose until about the twelfth minute
when 1t began to spread out. At about the tenth or eleventh mimite, the top of the
cloud had moved to tho east of the broad atem, and observers an the ﬁ.S.S. Bairoko
were able to look up into the bese of what had been the rising mushroom head, The
cbeervers on the Bairoko stated that ths cloud, viewed from the bottom, had a bollow
appearsnce and looked somemhat like a smoke-ring.” There was more cloud material in
the edges of the cloud than in its center. At the fifteenth minute, the finger-like
part of the cloud appeared to break away, but it nsver did get far from the main body
of the cloud, It was noticed, nbogt this tims, that the lower exiremity of the atomic
cloud ended at the regicn of shear botwean the easterly and westerly winds, pear an
elevation of 7,000 feet, As for as could be sean, there appeared to be no cloud
paterial which could be definitely observed as the atomis oloud below that level.
From the fifteenth minute up to one hour past Hehour, the cloud consisted of three
primary parts. They were a cloud streemer, the remains of the uppermost finger-like
projection; s large globular mass, the primary portian; end the lmg 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, at aue end one~half hours, tha cutline of the cloud became imdefinitc.
Fipally, at H-hour plus two houra, only & light tan patch remmined of the primary
cloud mass; and no other parts of the atamic cloud co:;ld be seen.

This cloud seemod to be emtirely camposed of smoks and dust with no sugges-
tion of moisture. No ice cloud or cirrus veil on the top of ths mushroom was reportad,
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DIAGRAMS DESCRIBING
THE THREE ATOMIC CLOUDS

Operation SANDSTONE
Eniwetok Atoll, Marshall Islands

1948

o
XRAY DAY -15 April, H-Hour O6l7 ./

o

YOKE DAY - | May , H-Hour 0609
ZEBRA DAY 15 May , H-Hour 0604

Dates and Times are LOCAL for the Eniwetok Areaq




Upper Wind Vectors

To begin a study of the behavior of atomio sclouds it is necessary to know
what the upper winda were which affected the clouds and to consider how those winds
acted an the visual airborne material produced by the atomic explosldms,

An examination of all of the wind soundings for the three test days shows
that the upper winds were of the same gensral pattern on all of the test days, At
low lavels the winds were easterly, and at progressively higher levels the winds
veered through Bouth into southwest or west,

The absence of winds from s nartherly direction were a radiclogical safety
requirement, It was not practical to svacuate all personnel fram Eniwetok, and it
was known that the teste would be greatly hindered if installations on Eniwetok be~
came radiologicelly conteminsted. For this reasom, an area in the southeastern part
of the atoll, including Eniwetok and Parry Islands, was selsoted for anchorages of
tha observing ships; and the teats were conducted an days when there was no northerly
companent in the upper wind directions which might oarry radiologically active mate-
risl soutlward.

By chance, the winds on the dates criginally selescted for XRAY and ZEBRA
days were operationally suitable, However, prior to 30 April, the day originally
acheduled for YOKE DAY, there was a high frequensy of northwesterly winds in the
anti-trades at levels between 20,000 and 30,000 fest. In fact, prior to the sctual
YOKE DAY, there were fourteen impossible firing days because of wind conditions,

On 29 April, the upper winds showed a transitional zone of variable winda
with northerly components between 15,000 and 30,000 feot; and since there was no
Justification for believing that a repid clenge in the wind structure was imminent,
there was considerahle doubt expressed at the morning briefing that the winds would
change sufficiently to meet radiclogical safety requirementa, Thars was, nevertha-
less, a reasanable expoctation that these awkward winds would tend to vesr in such
a manner that the northerly components would be eliminated within 48 hours. Thus,
unfavorable winds caused the postponement of YOKE MY until 1 May, By the time of
the briefing an the morning of the new YQEE minus one day, the upper winds had al-
tered sufficiently to indicate that a new air flow was beginning to predominate, and
a forecast of favorable winda could be given, Sinoe meteorological conditions were
also indicative of suitable cloud conditions, the test was scheduled for, and con~
ducted on 1 May,

Therefors, in these tasta the upper wind comditions which determined the
shapas of the clouds and the spread of the rediocsctive material were predetermined
by the relative positions of the test sites and the ares which had to be kept free
of rediclogical contamination,

On IRAY DAY, nine minutes spproximately after H-hour, the atomic cloud
shaared and broke apart at about 20,000 feet and the drone airopaft stationed at
that altitude could not make a penetration as there was no cloud visible at that
altftude on which the ajreraft could be vectored, For that reason, closer atten~
tion was pnid to the probable shape of the atomic olouds in the staff briefings o
TOKE and ZEERA days; and diagrams were [resented at the briefinga on those days
which pictorially showed how the atomic clouds would look from the observing ahipe,
These disgrams were drawn in similar manner to the diagrams ‘labeled -

that are in the upper right hand corner of the following three
pages except that the dashed line oomnecting the arrow heads was replaced by a rough
outlinhe of an atomic cloud, This led to an incorrect prediction of the shape of the
ZEBRA DAY cloud becsause the atomic cloud an that day did not go as high as the XRAY
and YORE clouds, or to as high an altitude aa was indicated on the diagram; however,
on YOKE DAY the shape of the cloud was remarkably 1ike tha predicted shaps. PFurther
use of these vertisal projections for predisting the shape of atomic clouds from up-
per winds ia bplisved to be worthwhile.

The winds which affected the atomic clouds have been estimated from the
repregsentative wind data which were obtained before and after H-hour, The examina-
tion of a pumber of wind soundings will give a truer picture of the air flow than a
singls sounding at the time in question. This is trus becadse there are many approx-
imations inherent in sy particular sounding whioh result from the accepted manner in
which soundings ure mads and upper winds calculated, In sstimmting the wind directioms
and velocities which acted on the clouds, comsideration has been given to the trends
and averages for particular levels, and to ths winds between tha 5,000 foot lewsls.
(See Appendix II)

In using these wind data it i assumed that the estimated winds ococurred at
A-hour and endured for the three hours following, It is also assumed that ths winds
occurred over the entire Fniwetck area and acted on the oloud without regard to the
;:‘];tin distances of the parts of ‘the clouds or their looations in the changing wind
dﬂo

XRAY DAY — An examination of the upper winds shows that wind soundings above
55,000 feot cannot be estimated for H-hour. The winds for levels above 55,000 tgot
shown in the second 0800 (looal tims) scunding are not believed to be representative of
the winds at H-hour, :

The method of formation of the wing-1ils plume which grew out of the XIBAY
DAY cloud has becn studied,and it is thought that it was produced after a part of
the top of the cloud protruded through the tropopause into the stratosphers, With
winds which were nearly calm at the base of the stratosphere, tha plume would have
been formed as the primary mass moved awny in the stronger winds. A trmil of cirro-
cwmlus type cloud was formsd in this reglon of wind shear at the tropopause.

The shear sone between 20,000 and 25,000 feet may be seen on the diagram
lnbeled Yartical Projaciion Iqoking North. At this altituds the winds chenged from
eanterly to westerly, and the yisible cloud separated, This separetion of tha cloud
ws thought to be caused by the energy of the weapom, the altitude of the burst, the
charncter of the surface, and cther such factors rather than the wind shear; however,
the wind shear did contribute to the sepamration,

YOKE DAY~ The clcud shich formed on the second test wes a more or less con-
timious coluwm from the surface to about 55,000 feet, The estimsated winds on this
day must closely approximte the actunl winds for photographe of tha atomis cloud
show that the cloud was shaped just as would be expected from the wind veotors,

ZEBRA DAY= Tha third atomic cloud reached an altitude betwean 30,000 and

5,000 faet, Therefore, it 1s not necessary to comsider winds abowe 35,000 feet
when studying thin cloud, The shape of the cloud was approximtely what might be
exnected from the mind vectorsy héwever, in the case of this particular cloud, a
better understanding of the shape may be obtained by examining the winds at 1,000
foot intervals between 10,000 and 20,000 feet, Thess intermediate winds were used
in drawing the diagram labeled Dimensions of Atomic Clowd at End of Thres Hours oo
Page 42.
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Upper Air Sounding_g

It wes not practicsl to obtain upper air soundings exactly At H-hours
80 the soundings reaching the highest altitudes have been plotted for Just be-
fore and after the timea the atomic clouds wers rising.

in exmmigation of the surface temperstures and the temperastures at
400 millibers permits a quick comparison and shows that the lapse rates were
bearly the seme on each of the thres days. The small irregularities in the
tempsreture curves can hardly be ssid to have affected the formation of the

atomic clouds in a nig.nu‘icmt manner.

The swall figures to the left of thw temperature-height curve indi-
cate relative humidity. These data are thought to be lens repreientaiive than
th; actual temperature data, particularly near the swrfsce; and not much can
be deduced by studying the relative humidities produced by the rein %ﬂwﬂra

which occurred just before H-hour on XRAY DAY,

The most significant feature of the upper air soundings with respect
to the formetion of the atomic clouds is the indicated hejght of the tropopmuse.
During the time of the tests the height of the tropopsuse aeemed to be conaist-
ently betwesen 54,000 and 56,000 feat. On XRAY and YOKE DAYS it 1s assumed that
the atrong tempsrature inversicn which exists at the tropopause stopped the
slready decelersting atomis clouds, and that the tops of these elouds cams to

rest st the base of the stratosphere.

-

| further assumed tlwt the YOKE DAY cloud stopped rising st approximtely

XRAY DAY- The most significant soupding available before the tests,
the sounding made at 0300 local time, did not reach the tropopmuse, The 0800
local time scunding did apparently reach the tropopuuse at 56,100 feet, but the
point given above that level appears to Le 1 error. The temperature curve is

dashed where it is believed to be doubttul,

YOKE DAY~ Unfortunately on YOKE DAY there wes no sounding I(hinh
showed tls charecter of the tronoapheric inversion, but the 0300 local time
souwnting does show that the temnerature stopped decreasing .M 54,100 feet,
Because of normal conditicns over trovical areas in the latituds of Eniwetaok,
it may be ascumed that the temperature-heilfht curve tutns asharply at the
tropojause and that the shallow isothermul laysr ia actually part of the large
stratoapheric inversion,

Therefore, in the calculatians which follow, it is

55,000 feet.

ZEBRA DAY.. Un this day the height of the tropopause 18 clearly shown
to be 54,420 feet on the 0300 local time sounding, but tiis value was of no
use i1 the cloud caleulations because the cloud did not reach ap altituds

above 35,000 feet,

It may be poted that a slight tempersture inversiom is shown by the
29,100 and the 29,900 foot levele at 0600 locel tims, This inversion may bave
slowed the ZLBHA DAY cloud, but it is not belleved that such a small inversion

would have had notlceabls sffect on vigorously rising clouds such as those o

IRAY and YOKE DAYS,

o
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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 primsry parts of the atomic clouds
(see pages 11, 13, and 15 of Appendix 1) with borizontal distances, These curves show
sppraximately the time when the cloud reached s particular altitude and moy be used to
caleulate how fast the clouds wers rising at any particular time, These curves are con-
sidered to be useful in planning aircraft operations or scientific work when atomio
clouds are expected.

The altitude of the clouds at esch minute was found by simple trigametric
Bethods; however, the horizontel distances used in thess calculations were not sesily
determinad., If the types of data available for calculations sre raviewed, it will be
sesn that the elevation and apimrth angles, the upper winds, the height of the tropo~
pause, and the approximats tises the clouds resched maximm altitudes, are the omly
known factors. Unfortunately, the angles sre from what must be assumed to be a single
theodolite station. With the available data, it is impossille to fix the positions of
the top of the clonds in space with the exception of the locations of the XRAY and YOKE
day clouds at the times whan thcse clouds way be assumed to lmve reached the tropopause.
Other values for horizomtal distances must be arrived at by methods which appear to be
most reasanahlas,

Different methods bave been used for esch of the three clouds, and these
ssthods will be explained below as each clond is discussed,

It may be nohd that the curves are dashad at low clevations. This is because
the atoslc clouds were repldly expanding as well as rising when they werc first fawed.
Theodolite data are not believed to be roliable wmtil after tha first minute.

XRAY DAY= From skntches of the cloud showing the formation of the plume, it
seems that the atomic clond reached the tropopause and atopped rising about twelve and
ane half simites after B-hour, The height of the tropopause on this day was about
56,000 feot or 9.2 milas, With the slewation angle of 26.0°, this puts the cloud at a
bhorisontal distance of 18.9 siles. The distance of the test aite was 17 miles and aince
the ¢cloud wea acted on by essterly and then westerly winds, the asimrth angles of tha
clond show 1ittls or po change in tha first three mimtes. Therefors, it is assumed
that the top of the cloud was still st 17 miles at the third minute. From the third
nimute wntil the clond hed the tropopause, it is d that the horizamtal sotionm
was mnifors and in & strmight line. This weans that the horizontsl distance is assumed
to be incressing at the rate of .2 si/min during the time that the cloud ws rising. It

believed that the pature of the upper winds was such that the actusl motion was more
that the curve drewn gives a ressonably accurete representation of

41
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Rates of Rise of the Atomic Clouds

YOKE DAY —The sketches of the top of the ¢loud show that it begsn to spread
out into an unvil form sbout 12 mimutes after H-hour. The height of the tropopsuse was
botween 55 and 50 thousand feet, so it 13 assuned that the cloud reached 56,000 feet or
an altitude of 9.2 milss at that time, Examination of the greph for the slevation angls
(sce page 13, Appendix I) shows how the elevation angle of 23,5 degrees was obtained.
It is thought that this elewation angle is more reasonnble than ths 24,5 degree angle
obtained directly, The shape of the cloud was such that it was imposaible to sight an
the trus top of the cloud and it 12 assuped that the theodolites were sighted om the
noar sdge. The slevation angles of the top of the cloud and the near edge would bave
approached squality as the clond moved away from the observer. The dashsd mection of
the elevation angle curve is believed to repressant the most protabls alovation angles
for the top of the clowd and the solid 1lins represents the elevation angles of the edge
of the cloud. This lower elevation angls gives a reasonable looking rate af rise curve.
The angle 24.5 degrees does not,

As in the case of the XRAY day cloud, thare seemed to be little horisontal
sovemant during the first few minutes. The distance of the test site was 13 alles,
80 it has been roasoned that the cloud was at this distance during the first four
ainutes, After the fourth mimite, it was assumed that the cloud moved in s straight
1ine, but at varying distances each minute depending on the axisuth angles.

To obtain what seems to bs the best possible approximations of the hori-
sontal distances, the triangular diagres shown above the rate of rise curve mas com-
structed. This diagres has been drawn to scals by means of points represanting the
tent 3ite, the horizontal distance of the cloud at the time that it reached its
highest point, and the azimuth angles of the center of the cloud top. The horizontal
distances ware obtained by noting the lengths of the asimuth angle linea for each
aiputa,

-

ZEBRA DAY = The stomic cloud on ZEBRA day did not resch the tropopause and
for this reeson it is difficult to fix tho horiaontal distance of the top of the cloud
at the time that it reached {ts higheat slewation., All that 1s known are the asimuth
angles and the distance of the test sita, Fortunately, the upper winds were such thet
the path of the rising cloud would have much the same even though the rates of rise
might have varied considerably. By means of the triangular disgram shown ebove the
curve, it may be soen that the mcet probable positiom of the cloud top at the time
that it reached higheat olevation 1s somswhars betweam 10 xnd 12 milea. The upper
winda could vot have carried the cloud far encugh morth for it to have been as far a8
twolve miles away, and the winds were too strong to have only carried the cloud to s
distance of 10 miles, The besat eotimate of distances which can be obtained is 11 miles,
and this is the distance which tns been used to detarmine the position of the cloud top
at each minute. The behavior of the ZEBRA day cloud was wnususl in thet it rose to
sbout 28,000 fest in eight minutss and then & finger of the cloud rose out of the pri-
mary mass for an additional 5000 feet. Thers were two rates of rise, one for the pri-
mary anss and ons for the cloud projection, The uximith angles for the primary mss
have been obtained from pags 27 of Appendix I but the asimuth angles for the finger—
like projection have heen obtained f{yom ur cloud sketches,

3
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Locations of Centers

hfter sreraring the ratec of rise curves for the threec atonic clouds, the
curves were used to determine the combined effect of the upner winds on the rising
clouds. If the nosition of a cloud top at the time that it reached highest altitude
as dotermined from tihe rate of rise curve and the winds is asproxdmitely the some aa
that commuted from the height of Lhe troporeuse and the theodolito datw, it is reason-
seble to asosume that tue actual position of the top wea somevhere close to those points,

It is also rensonable to cssume that the rate of rise curves gives a satisfactory

renresentation of the actual behavior,
I

-26-

of Rising Atomic Clouds

The small circles within the so0lid black line show the position of ths 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 svacing between the concentric circles is ,5 of a pile in the case of

the XHAY DAY diagram and 1 mlle on the other two diagrems,

A comparison of the calculated positions of the cloud tops by different
methods 1s given in the next set of diagrems titled Determinatien of AMtitude of
Atomic Cloud.




 XRAY DA

Location of Cenfer of Rising Afomic Cloud
from H-hour until H-hour plus 125 Minutes

METHOD OF CONPUTING LOCATION
OF CENTER OF ATORIC CLOUD TOP AT TIME IT
ARACHED HIGHSST ALYITUDE

!

4o the utomin cloud wus acted upon
by the upper winde during the 1i.5 almutes
that it was rlsing,the top of the cloud
wad Jisplaced sbout 2.7 osuticsl alles
along a veotor directed from 224° by the *
tise that it resched maxisum altitude.
This results 1o an inoresse 1a distamse
between the cloud and Lhe theodalite
obserwtion ststione which must be cop-
sidered If the trus altitude of the sloud
is to be determined,

The position of the oloud has been
' oalculated by jolning Logether veotars
which are directed In sccardance with the
uppar wind at the 3,000 foot level i
question sod which ars proportiomsl in
length to the tims that the tloud required
Vo pass through the altitude interval.

T redil of the eireles are in
nautjoal siles, and the individusl veotors
are ldentified by (igures mignifying
thousamis of fest.

OPPAR wINDS AT H-HOUR

Altituds  Demrase
25,000 2%
30,000 20
35,000 220
40,000 220
45,000 20
50,000 B ]

53,000 20

Pyt

BO*
»
Length of calculated vector 27 n. miles, direction—

from 224°

MINUTES THAY WXMD AOTED ON CLOUD AT RaACR
$,000 FOOT LAVEL

T e i
Gloud Mage show e stemle

.
mee poved very littly horigamtally durisg
the firet three alnutes, It eesmmd Lo be
enly alightly affected the eamerly
winde whiah prevalled 25,000 foet.
Thersfors, data fer the [irst three mimutes
tavs oot been considered 18 these calouls~
tions. The time intervals given Melow have)
been detemined by dividing the surve
shown an the pegs

ints 5,000 foot segments, 3, -t
on slther aide of the altitude in questiom,
and reading off the intersections ef
plotted surve with the tise ardlsates.
These time lotervals are sconidared to be
the nusber of misutss \hat the spper windd
acted o the gloud st sach 5,000 foet
level,

7S T I—
25,000 (3.1 - 2.5) = 0.4
2,000 (3.8 - 3.1) = 0.7
35,000 (4.4 - 3.0) = 0.8
0,000 (5.7 - &.6) * 1.1
43,000 (7.0 = 3.7) = 1.3
50,000 (9.1 -7.0) = 2.1
53,000 {12.5= 9.1) = s

mumumm'x.uw

Msdtude  Bwme  Kasks Mautdosd Mlles
25,000 ©0.6/60 3 10 =

30,000 0.7/60 3 12 w ~
0.8/60 x - '
1.1/60 = -
1.3/0
2.1/
/0



YOKE DAY

L
Location of Center of Rising Aiomic"’GIw

from H-hour untii H-hour splus 120 Minutes

METHOD OF COMPUTING LOGATION
OF CDNTER OF ATOMIC CLOUD TOP AT TIME IT
RRACEED NIGEEST ALTTIUDE

Ag the ntomis slowd was ssted upom
By tha upper wisds duriag the 12,0 nisstes
that 1% wue rising, She top of the slowd
wsa d1splaced oagidernble distades frum
the teat st He tise t resobed
saxieus sititude. Wisd soundiage wers ot
chtained 3% E-hour, Therefors 1% ie
Becessary 10 Wee estimgted wiad éipectioss
and velociiies besed o wiads at OL00 amd
1000 bours. Thene estimeted wind dste give
s movemsat of 6.8 miles in & direetica from
207°, This faereass in distanse Between the
alowd esd the Shaodolite obeervetion atations
mst be cossidersd 1f the trws sltitude af
s olowd is §0 be ecnatdered.

The position of 150 ¢loud bas beea cal-
sulatsd by Jolnisg Sogetheér Veetors whish
are dirested in socordance with the spper
wind at the 5,000 foot level 1x questiom
and which are properticasl ia lesgth to the
tims that the olowd required 10 pass through
She sltiteds iatervel.

The redil of the cireles s7v is neutieal

70

miles, ané tha Individwal véotors are ides-
Sified by figures sianifying thowsasds of 2T
foss.

-

90*

MIMUTES THAT WIND ACTED <M CLOUD AT KACB
5,000 FOOT LEVIL

The graph of the azimuth sagles of
the prisary clowd maes shows that Yhe atomic
slond moved very littls horisoatslily duriag
he fires fewr alsstes. Becauss of Lhe
relatively light winds st lowsr levals and
the repid ries of the stoaie slosd, wind
data below 20,000 feet 2w 20t Bedm con-
sidarsd 1n these computations, T Lims
iatervels gives below have bess determined
e e surve shows o the page
Rate of Rige of Atamis Clowg 1ato 3,000
foot » ,500 feet oa elther stde
of tbe altitude ia question, and reading
off the intersestions of the plotted surve
with 4o tlae ordisstes. Theps time
iatervele are sonsidered o be the number
of winutes that the upper winda actod on
$he oloud a4 each 5,000 feos level.

Leat, . Mamtey
2,000 (1.3 - 1.00) = 0.48
25,000 (2.2 - 1.5) & 0.70
30,000 (.28 - 2.26) » 1,02
(4.68 - 3.28) o LoD
(5.99 - 4.68) » 1.2
{1.30 - 5.99) » L. 29
(9.23 - 7.20) « L.98
(12.00- 9.23) » 2.77

LENGrES OF YECTOWS [N MADTICAL MILES
Aeitede  Boury Epoty Faurjop] Klies

w0, 000
25,000
3,000
33,000
40,000
43,000

50,000

53,000

Length of calculated vector. — 6.8 n. miles, direction — from 207°

_28-

0.48/6
0.0/t
1.02/60
3.40/60
1.31/60
1.39/60
1.95/60
2.77/60

10
P Y
A,
.
% e
M
Tw
B

A2
26
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ZEBRA DAY

Location of Center of Rising Atomic Cloud

!
from H-hour until H-hour plus 120 Minutes

METHDD OF COMPUTING LOCATION
QF CKNTER OF ATOMIC CLOUD TOP AT TIMB 1T
REACHED NIGHEST ALTITUDE

An tbe atomie sloud wes ested upon by
the upper wisde duriag the 12.0 aimutes
that 1t wae rieing, $he sop of the clowd
wes displaced s ooseideredle distanse from
the test site ¥y the tims that it reeched
esximum altitude. e wpper vwisds ot B-hour
have been sstimated by ecmnideriag dsta
cbtained seversl hours before and after
HB-hour, These cotimated wiad dats give s
sovameos of L., mautisal miles is s directics
trom 255°. This inereess 1a distence bstwesn
the cloud ead the theodolite obssrvation
stations muat be comsidered i the tres
ultitude Of the elowd 1s $0 be scmsidered.'

Tus posittos of the sloud has bess eal-
oulated by joiming Sogether veotors whiah
are direoted im soovrdenes with Shs upper
wind at the 5,000 foot lavel i» question end
whieh are yroportionel iu leagth to the $ime
tbat the cloud required o pase through the
altitude taterval,

The redii of the sirelss are in msutioal
miles, and the isdividmal veoldrs are idea-
tified by figures signifying thousasds of 270-

Teed,

UPFAR ¥DMS AT B-NOUR
Altitude Degresy  Kmoyp
18,000 10
10
18

15,000
20,000

30,000 40

a0
A0
40
25,000 250 26
260
0

35,000

-29-

90*

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

The grapk of the azimuth angles of the
primary elowd mess shows that the stomie sloud
moved very 1i1tls borizsoatally duriag the
firet three minutes, DBesause of the relative-
1y light winde at lower levels and the repid
rise of the stomic elowd, wisd data below
15,000 fest have ot deen acmsidersd is thess
eomputations. The $ime imtervale gives
below have besa obtatned by 2ividing the surve
shows on the page Rigs of the Af
Cloud 1sto 5,000 foot segments, 2,500 fest
on either side of the altitude ia queption,
and off the 1 loms of the
plotted eurve with the time ordinates. Thees
time iatarvals are eonsidersd to be the
ausber of mimutes $hat the upper winds seted
on the slowt at esch 5,000 foot level, Data
up to 25,000 feet have beon weed for the
primary slowt mess sad dsts for 30,008 fest
have dess used for the alcud projectiom.

et ~Mimes
15,000 (2.0 ~2,1) =0.9

20,000 (3.4 - 2.0) =14
25,000 (8.0 - 3.4) - 2.6
30,000 (212.0-10.2}) -~ 4.0

LENGTHS OF VECTORS DN MAUTICAL MILES

Altitude Hosre [Kmote IMumtios) Miles
15,000 0.9/60 x 10 -

20,000 1.4/60% 18 -
25,000 2,6/60 3 26 -

30,000 4.0/60 x O -




Determinations of Altitudes of Atomic Clouds

The positions of the tops of the atomic clouds st the time that they reached
highest altitude have been calculated in two different ways., Por XRAY and YOKE DLYS,
one of these positiona was determined from the height of the tropopause, the elevation
angles, and the azimuth angles, For ZEERA DAY, since the cloud could not have reached
the tropopsuse, the estimate of the meximum altitude was more difficult, Firet, it was
necessery to meke an estimets of the poaltion of the cloud top from its azimuth angle
and 1ts most probabls direction of movemant from the test site, (See page 22.) Then,
with all three clouds, the second position was determined from the combination of the
wind veotors and the mate of rise curves. If, on the chort, these second points fall
close to the firet, it 13 reasormble to assume that the clouwds did reach the altitudes
which were used in calculating the first points, and thet for practical purposes the
beights used in drewing the rate of rise ourves may be considered to bs the actual

baights.

The clarts of Eniwetok aldso provide a convenlent means of showing the loca-
tians of test sites, the positions of the observing shipe, and the most probable di-
rection of movements of the primary msses of the stomio clouds after the tops bed

reached mximm altitude,

XRAY DAY= Fron the wind vectors and the rate of rise curve the top of the
cloud is oaloulsted to be 54,000 feet, or below the tropopause which was at 56,000
Neverthaless, because of the plume which formed on this cloud, it is believed
As may

foot,
that st least soms of tha top of the cloud did extend through the tropopeuse.
be noted m the chart, the distence betwean the two positions which have been calculated
by using the two different elewvations is less than a mile; end the difference in eleva-
tion ss determined by either method of calculation is only 2,000 feet, The discrepancies
are small enough to have been caused by the msnner in which the theodolites were aimed,
In further references the XRAY DAY cloud will be regarded as having reached 56,000 feet,

_30_

YOKE DAY-On the second teat day the altitude of the cloud as calculated from
the upper winds at H-hour is 50,200 feet, but the height of the cloud if it reached the
tropopcuse would have been 56,000 feet, With the same elevation ungle in either case,
the horizantal distances would have been 19.0 and 21.2 miles, respectively, The first
position represents Lhe effect of an averuge wind of 34 lmots whereas the sscond positian
represents the effect of on aversge wind of 46 lmots. Thet im, a difference of 11 or 12
Inots in combined effect of the upper winds would have accounted for the difference in
the' two positions, It i8 ressonable to assume that the actual winds at the time the cloud
was rising were stromger than the estimited winds and thet the altitude of the oloud ia
nore nearly 56,000 feet.thun 50,200 fect. Since it is thought that the XRAY DAY cloud
reached the tropopause, it is bslieved that the YOKE DAY cloud did also,even though thare
was no visible evidence. This is based on the assumption that the YOKE DAY weapon wes
more powerful than the IRAY DAY weapon and the temperature lapse rates on the two days
were similar. In further considerations of the YOKE DAY cloud, it will be aseumell tiat
the wind carried the cloud to the approximate position of point "C® and that the cloud
did reach 5,000 feet. However, in other considerstions, it will be assumed hat the
winds which acted on the cloud were the estimaied winds, that is, the winds which would
have carried the cloud to point "B®", For further discussion of the effect of the wind
on the YOKE DAY cloud, see page 3.

ZEBRA DAY_Becau:!e of the cloud projection which rose out of the ZEHRA DAY

cloud, it 1 necessary to know the poaition of both the privery cloud mass and the

highest part of the cloud projection in order to fully understand the beblmvior of this
stomic cloud, When the position of the higheat part of the atomic sloud mrojection is
camputed by either the rate of rise curve and the wind vectors or from its most prob-
able position on the tesis of the upper wind directions, it is found to be in approxi-
mately the same place. For eithar point, the horizantel distance is 11,0 miles. There-~
fore, the meximm altituds of 33,000 faet calculatad from this horizoptal distancs and
ths corresponding elevation angle is likely to be close to the actual elswation of the
highest part of the cloud. It should be noted that the cemter of the primary mass of

the cloud is estimated to be approximatoly a mila behind the top of the cloud projection,

The direction of muvement of the primery mass must be drewn from point *BY instead of

) from the cloud top as in the case of the XRAY and YOEE DAY olouds.
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In planning for the Enimetok taats considerable intereat né‘&mcud témards
the mammer in which the atonic clouds would be dispersed in the atmosphers, The spread-
ing out of the clouds is important because of rediological safety and long range detec~—
tion considerations. Also, the bebavior of atomic clouds offers a means of checking
thacries of diffusion and eddy conductlvity in the free atmosphere,

Data on dispersion were obtained by instructing observers to aight on each
side of the mushrooms or the primary cloud masses. It was thought that a rate of dis-
persion could be derived from the increase in size of thess major cloud volumes. The
azimuth angles for the sides of the primary masses for each minute have been plotted
on the graphs shown on pages I-31, I-24, and I-27 of Appendix I. The poimts were con-
nected by a smooth curve which represents the results from s single observing station
in the position of the Albemarle., Considerable amoothing hes been done in drawning
these curves as the irregularities would not be significant in tha computation of a
rate of dispersion. After the most nrobable azimuth angles for each five minute in-
terval were arrived at, the diagrams shown on pages 35, 36, and 37 wers begun. First,
the relative positions of the Albemarle and the primary masses at the times that they
reached highebt altitude were determined, Then lines were dramn for the azimith angles
at the five mimute intervals, and the bisector of each of the angles formed by the sets

of lines was found. These bisectors were drawn from the position of the Albemurle !

through the centers of the areas representing the primary messes, 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. Stralght
linea vere drasmm through the positions of the cloud masses at the time that they reached
maximin altitude and across the lines directed according to the azimuth angles. In each
case a line could be drawn which was cut by the rediating azimuth angle lines at fmore

or less regular intervals, Thase lines are parallél to the directions of the wind which
acted on the cloud maeses, and the lengtha of the segments of the lines ere proportiomal
to the wind velocities which moved the cloud material. The directions and velocitlies ob-
teined in this manner were then commared with the estimated winds and the most probable
directions of novenent decided upon. 1In this manner the locations of the centers of the
cloud msses vere fixed at five minute intervals. Then, with the centers located,
circles could be drawn with circumferences on the two correaponding azimuth engle lines,
In this way, the series of expanding circular areas was obtained. It wns realized that
the cloud areas were not actually circular, but e circle was thought to be the moat
feasible eréa which could be used. Thess circular areas have been cutlined in a manner
résembling the edges of clouds, and straight llnes connecting their perimeters have been
drawn. The intersection of auch boundary lines gives an angle which appears to be useful
in conparing the dispersiom of the clouds, If the angle were significant, it would go s
long way tovard 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 canstruction of these diagrams
seen worthwhile., It was not until thought was given to the size and shape of the cloud
at the end of three hours that it was discovered that these diagrams had 1ittle meaning.
The theodolites were aimed at either side of the primary masses, which were ten to
twenty thousand feet thick, In each case there were significant varistions in wind
directions and velocities in such a deep layer of air. Because of the rinds alone
there was considerable increase in the nidth of the clouds as seen by the observers,

The theodolites werae aimed at the edges which seemed furthest to the left and to the
right. There was no way to direct theo to aight oo the cloud at any particular eleva-
tion and watch the disversion at just that level. Consequently the altitudes for
which azimuth angles were taken shifted in accordance with the winds. The level
where the wind velocities were slomest is represented in the angles for the left side
of the clouds and the level of hizhest wminds ia represented in the data for the right
hand side. llo trus measure of dispersion was obtainable while the clouds were visible
from Enivetok. Howiever, these disgrams were found to be useful in estimating the
dimensions of the clouds as shown in the photogrephs, '

XRAY DAY~ a1though most of the cloud mterial was concentrated at 40 to 50
thousand feet, the primary mass extended from about 25 to 55 thousend feet, The
right edge of the cloud was nrobably 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 lkeep that edge in
their aights. For a better underctanding of the actual behavior of the cloud see the
diagram titled » mge 38, and the
photographs, mges 55 througk 63,

i

YOKE DAY -1t the tine this cloud reached highest altitude there wis no
well defined primary mass at which theodolites could be sipghted in order to obtain
azimith angle data. The irregular shape of the cloud is shorm in the photographs
on page 65. Then, az the cloud moved away it becams shaped as shown in the photo-
svaphs on pages 6&, 67, and 68, and in the diagrems on pages 40 and 41. A 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 fest for e 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 i3 nrimarily a result of the difference in wind directions
and velocities between these two elevations rather than the result of diffusion
processes, Of the three clouds, the YOKE day cloud was laast adanted to theodolite
observations for dispersion studies.

It is interesting to note that the azimuth angles for the top part of the cloud
indicate thet it was acted on by an effective wind of 60 Iqots rather than a 43 knot
wind such as was estimated to exist at 50,000 feet at H-hour. This effect of & 60
knot mind is more nearly in agreement with the 65 kmot wind measured at 40,000 feet
at aporoximately two hours befors H-hour than with the estimated 43 knots. Also,
the higher wind velocity indicates that the position of the top of the cloud probably
wos beyond point "B* and actually clese to peint "C" in the diagram titled Deter-
Bination of Altitude of Atomic Cloud om page 32. This seems to ba mdditional
evidence that the cloud reached the tropopause. However, in studying the shape of
the cloud at the end of three¢ hours it is thought that the estimated winds are the
nost representative,

ZEBRA DAY ~=The last of the three clouds did have a primary mass which was
more or less well defined, and it had left and right hand edges which were maintained
80 that successive observations could be made. However, the difference between tha
azimuth angles was largely dependent upon the fact that the wind velocity at

28,000 feet was greater than at 20,000 feet. See the diagram on page 42.




XRAY DAY

Apporent Dispersion of Atomic Cloud
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YOKE DAY

Apparent Dispersion of Atomic Cloud
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ZEBRA DAY

~ Apparent Dispersion of Atomic Gloud
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Dimensions of Atomic Glouds

t End of

Three Hours

The best understanding of how the utomic cloudu were distersed in the atmosphere is
obtained from stulles of the effecis of the upper winds at ull of the elevations at which
cloud mterinl occurred, As explained on pare 34 under the title Acrargnt Disversions of

y on attonot was mude to study the spreading of the mrimary musses of the
clouds by meuns of theodolite data for each side of the nrimury masses. Azimuth nngle
daty from theodolites do not take into consideration the differences in wind directions
and velocitles nhich occurred at different levels within the primary masses, and such
duta are greatly affcctod by this variation of wind with altitude. Also, praclical con-
siderations of atomic clouds reaulre thet the entire cloud columns be sludied rather than
Just the nrimary mosses. In these diagrans azimuth anrle information has not been used.
The shupes of tho clouds have been determlued from the ectimated upper wind duta, topether
uith photograohs and sketches. For a check, scale models were made from these Jinyrins
and the models were commuared uith the nhotogrr.phs. As far as can be determined the shopes
and dimensions of the clouds as shown in the diaproms ere approximtely the game as the
actunl clouda.

In oxder to vercelve the effocts of the wind it 13 nccessary to study 1ts effecls
for some period of time long enough for easily recognized changes in slupe to occur., Here,
a reriod of three hours hns been used. After approximntely three hours the slupes of the
clouds could not be determined by ground observers or by rhotogrephs made from surface
locations., Threse hours 15 the longost time interval for which the culeulated ahapes can
be conrared with the actunl ohapes,

Uprer uind data cun be used to culculite the ©-proxlmte dimensicns of the cloude at
any time after Hehour although no visusl check of the shape of the clouds is possible. A
calculntion besed just on upper wind data would necessarily assume thit cloud material
was not changing elevation because of foll-out or convactive activity. Also, the disper-
sion at any particular elevation would either be neglected or roughly estimated. Inspec-
tion of photopraphs shows that fall-out of material from the upper ports of the automlc
cloudy was not verceptible during the first three hours,

The dispersion nt any particuler elavntion tecause of addy notions in the atmosphere
is more important then fall-out in a study of the visille ¢loud. The process uhich is
resnonsible for the dispersing of air-borne material Lecause of cireular moucm's, or
sddies, 18 frequently referred to as feddy conductivity." It is the fuctors which enter
into considerations of eddy conductivity which determine the rute at which the cloud
apreads at any one level, Some of these {uctors ure tho horizontal arca of the cloud
materinl, the amount of muterizl above and below the level in question, the wind ohear
at that level, and the temperature lapse irte. Such fretore determine the ouse viith
which cireulsr motions can occur, The eddy conductivily processes in the free utmosphure
are not understood sufficiently to meke spplication to this study of the atomic clouds.
Molecular diffusion plays a part in the spread of the cloud, but the sproad of materisl
in this way is not thought to be significant mhen compored to the much grester disversing
effects of the winds,

The procedure used in the construction of these diaprrms was to dranm the wind vectors
shovm on pupes 15, 16, and 17, to acale in order to revresent a three hour movement on a
chart of the Enivetok area. The ends of these vectors represent the positions of the
ctomic cloud mutericl at the resvective elevations. The amounts of cloud materinl at these
mésitions are sim:ted by the areas of the circles drawn around the ends of the vectora.

The sizes of the circles were determined by means of tho photoprephs and sketchea, The
amounts of cloud miterial at various olevationa were estimated visuslly by conmring in
a relative manner the width and thickness of the materiul with the overall size of the
cloud. After tho circles mere drawn they were comhected by tangents comnon to any two
consecutive circles, and the area enclésed mas shaded in. Thert overlapping layers of
cloud occur, additionsl shoding has been added. At levels where thogre is no cloud mate-
rial visible in the photogruphs, or where none was Been, the 1ines representing edgas
have not becn removed, tut there is no shading, i

On these horizontal wrojections of the clouds, dimensions have been added. These
dinentions ore thought to be cleose to those of the actunl clouds as they are largely a
Amction of the wind directions and velocities. Errors in aprroximating the area covened
by materinl at any olevation would not, preatly affect the overall dimensions of a cloud.
Uhen Jdimensjons ure given vor tho length, width, or diamster of an atomic cloud, it should
be realized that a very irrverular shape 13 Leing deseribed.

After producing the Jdinpyrums avrroximating the viens which an observer would get by
looking dovm an the clouds, the dingrams mere used to rroduce & projectian in the wertical,
Such vertical projections very much reseuble the views which wers obtained from the shipe
or at Enjnetok. The width of the cloud in the vertical nrojections is the same aa in the
horizontal profections at the 5,000 fool intervals, but in between these elevations there
there has been no attemnt mide to esti ute the width. In cother words, the ends of ths lines
rerresenting the widths st 5,000 foot intorvils in the vertical projection have been con-
nacted by straipght lines. This gives the vertical projectlons a thinner apnearance than
vas observed in the actual clouds, ilven 0, if these vertical vrojectlons are compared with
the actual cloud sketches and photosronhs, it will be scon that there is a very close
resemblance. In comparing the ohotogra-hs and diagrams it should be remembered that there
was a converpence of the lines which formed the vhotogravhic images at Lniwetok, or aboard
one of the cbserving ships; whersas nurallel lines in o north-south direction were used to
produce the verticel projections. of the differences between the diagrams and the
nhotographs are accounted for by this change in rerspective.

XRAY DAY"' As thio cloud semarated nt atwroximetely 20,000 feet, no shading is shown

near this altitude. .ilso, since the ‘hotorrurhs do not shot the long aru of cloud swesping
buck betwean 50,000 snd 55,000 feet, the shuding has bern elimincted from timt part of the
verticnl rrojections of the cloud, This rart of the clowd was studied in the model of the
cloud vhich vas constructed, Lither there wau not enough cloud material at these altitudes
to form this arm or the winds were different irom those estimeted, It 1s aven possibile that
the moisture in this top rart of the visible vloud evapornted seo that it could no longer be
seen after three hours,
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f Atomic Clouds at End of Three Hours
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" (Continued from the previous page.)

ZEBRA DAY—' “"hen the photoprephs of this cloud were examined, it was found to have a

YOKE DAY= Leccouse of the marked incresss in wind velocity up to about 40,000 feot

21-zag appesrance becuuse of o loop-rhaped structure mear its middls, This loop could

and the decrease in velocity above this elevation, the atomic cloud was druen out into

not be nccountod for by drawing uccording to the estimated winds at Just the 5,000 foot

An examination of this clond shapo will

e long ribbon which was hook-shaped near the top.

To construct the diugrum between 10,000 and 20,000 feat tha actual winds for

elevatjons,

show the futility of an attempt to sight on a primary mass in order fo dotermine a rate of

tho 0600 local time sounding were used, and vectors for every 1,000 foot interval were

The actual YUKE ¢loud

dispersion which could be applied to eny particular eslevatian,

Ho material

This preduced a dingrm which uas remarkably like the nctual eloud,

drevn,

greatly reaembled the disgramsyso it is thought that a true representation of the cloud

seen in this cloud below about 7,000 feet s0 no shading is used belou that level, The

sl

has been conatructed,

finger-1like rrojection vhich Ccrmed ur. thlo cloud has been constructed from the vaectors

for 30,000 and 15,000 foct.
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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 umfinished if it ended without con-
sidering the obvious question of what happenc to the airborne radioactive material
after the clouds disappeared from the Eniwetok area, The charts which follow show
how the cloud shapes in the preceding diagrams titled
End_of Threo Houra may have been acted on by the upper winds, and they give some in-
dication of the mepner in which the cloud material i1s ascumed to have been spread over
thousanda of square miles,

Operational requirements for the long range deteotion program made it necessury
to produce ectimates of how the radicactive materilals of the bomb olouds were trans-
ported through the atmosphere and to make day to day forecasts of whers the material
was lilsly -to.go, With present day knowledge end the available facilities for analysis,
it was necessary to consider the atomic clouds as a set of points which were carried
along at constant levels by the winds, Ths paths of these points are onlled trajec-
torles; and on the linea representing these pathm, the arrowheads indicate the locationa
of the points at 24 hour intervalas. A trajectory analysis assumes that the cloud con-
sisted of parcels which were gaseocus In nature and which-did not change elevation.
Actually, the clouds contained a high percentage of solid particles which continued to
fall out as the cloud was transported; and the rate that the solides settled out 1s
unlmown. It i8 not posasible to determine at what altitude the material was at any
perticular time. Also, it 1s false to consider ‘the clouds as sets of points since
the horizontal dimsnsilans of the clouds is important in determining how tho clouds
were acted upon, By the time the clouds had travelled acrosa the Pacifis, they had
been affected by a multitude of diffusion processes. The altitude of the cloud mate-
rial was changed by large-Bcale vertical turtmlence such as 48 found in cumulo-form
clouds; and the clouds vwere spread out over such a large ares 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 wfavorable is that meteorological
theory indicates that an air parcel, or cloud material which is moving as a gas, moves
net at a constant elevation, or at a constant pressure:lsvel, but on "isentropic® sur-
faces, Isentropisc surfaces are defined as surfaces of constant ®potentinl temperamture,®
end such a surface varies in altitude depanding on the presswre-temperature character-
iaties of the atmosphere, This means that the gasecus cloud material protably underwent
parked changes in elevation as constant potential temperatures were meintained. It also
mesns that the wind patterna for large areas on istentropis surfaces may be somewhat dif-
ferent than on constant lsvel or constant pressurs surfaces. (The movement of the
clouds on 1ssntropic surfaces ia the subject of a owrrent investigation under the direc-
tion of Dr, H., Wexler of the U, S, Weather Bursau.)

Because of so many false sasumptions, it would ssem that trajectory studies are
useless; but when ussd operationally in long renge detectlom, trajsctory analyses gave
remarksbly successful results. For this reason, and because constant level or constant
preseure analyges are all that sre availabls to date, thede charta are included here,

_43-

Trajectorles are dram for parcels originating at the following pressure lavels:
840, 700, 500, 300, and 200 millibers. These levels are at approximately 5,000; 10,0003
20,000; 30,000; and 40,000 feet, respectivedy. The data for these preseure surfaces
are transmitted over worldwide meteorological networks; and since tha heights of these
pressure surfaces are necezsary for estimations of upper wind conditions, the computations
of trajectories are facilitated If these levels are used. By noting combinations of tra-
Jectories at these "standard™ levels some idea of the trajectories for intermediate levels
is obtainable; however, a study of the 25,000 foot trajectory for YOKE Day showsd that it
wos quite different than either ths 20,000 or ths 30,000 foot trajectory. It was not pos-
sible to do any trajectory work at all sabove 40,000 feet because outside of the Eniwetok
area there ware no upper wind data above that altitude, 2Two sete of upper air charts
drawn from observational data collected and analyzed an a 12 hour btasis were used daily
in trajectory computaticms,

The trajectories presented here are based on the data which were awilable to the
Staff Meteorologist. Consequently, for the Marshall Island ares, these charis are thought
to be more mccurate than any other similar charts; but they are less wvaluable sz distence
increases from the test sites, As the distance increased from Eniwetok there was an ate
tenuation of the amount of metecrological data received. All of the soundings from the
conceniration of upper air stations operating in the Uarshall Island area for the,needs
of theiTask Force were available aboard ths U,S,5, lMt, MoKinley; but these data, except
the soundings from Kwajalein, were not trmnemitted to wmits outside of the Marshell
Islands,

The strusture of tho aimosphere over the Marshall Islands during the seasan of the
SANDSTOIE Operation and its effocte in producing somewbmt similar trmjectaries ere worthy
of note, During this perlod,easterly winds, ths trades, are no found from the
surface to approximately 15,6(!) or 20,000 fest. At about that elsvation there is a
transitionul region of variable winds, Above 20,000 feet the wind is westerly, and
nesterlies prevail to the otratoaphers., Genarally speaking, this caused the material
below 20,000 feet to apread toward the Scutlwest Facifis or the Philippines and the
mterial 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 season when the trude winds
predominats, 4 study, not included in this report, was made of the trajectory patterns
for alr parcels originating over Eniwetok daily for a period of 30 days begiining on
Murch 22, 19/8, and ending on April 20, 1948, This study showed that parcels oariginating
over Eniwetok at altitudes from 5,000 to 10,000 feet normally moved wostwerd and pmssed
over the Philippine Islands within two weeks, Parcels at 20,000 feet did not move can-
sistently in eny marticular direction. In this transitional xone, some of them moved to
the east, esome weat, and a few moved into the southerm hemisphsre whare upper air data
were unavailnble. The 30,000 and 40,000 foot trejectories invariably moved ssstward,
normally passing south of Hawaii, and reachad Mexico within six to eight days after thelr
origin at Eniwetok,

The effects of the trajectories on the tests days were to stretch oyt the aloud
material to the west and to the east in a band which cantirmally increased in lemgth,
If no full out is considered, the cloud may be assumed to be a ribbon~like structure
which was slanted downvard from east to west. That is, the clouds even after several
days maintained shapes similar to those shown in the verticsl projections on the

preceding pages,
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Explanation of Trajectories

XRAY DAY- The upper wipds over the Eniwetok area near bomb time on XRAY Day indi-
cate that air parcels renresenting the cloud at the 5,000 and 10,000 foot elevations
moved off at an apnroximate apeed of 12 knots toward the west-northwest and northwest,
respectively. The constant pressure charts for 850 and 700 millibara subsequent to
bamb time show the meterial continued to move to the wmest at varying velocities with
the 5,000 foot trajectory passing 300 miles north of Guam in about 5 days, This time
difference was due to the lighter winds found at 10,000 feet in the area between
Cniwetok and Quam. The 20,000 foot trajectory nroved to be quite complex due to light
and wariable winds over the Marshall Islands on XRAY Day. By using the 500 millibar com-
stant oressurse chart, an averege movement was commuted rhich showed the materinl at that
level started off to the east, However, on the following days, light and variable winds
nt that altitude persisted; so that the resulting trajectory indicated very little move-
ment from the Eniwetok area for a period of approximately eight days. Due to the light
and variable winds over such a long period of time, it was very doubtful as to when the
milerinl actunally left the area, The 20,000 foot trajectory is, for this reasan, of
doubtful value. The 30,000 and 40,000 foot trajectorles are much more renrcaentative.

4 ttudy of the wind over Eniwetok on XRAY Day showed persistent west-scuthwest and south-
west vinds at these levels which caused the cloud materials to move off to the east-
northeast and northonst at the velocities of 12 and 25 knots, resnectively. Subsequeat
upper air charts show the material at 30,000 and 40,000 feet gradually shifting so that
it headed in a more easterly directlom with the 40,000 foot trajectory passing south of
llawail in two and one-helf or three days. The 30,000 foot trajectory pessed south of
‘hwall in epproximately three and one-half to four days,

YOKE DAY-The trujectories for 5,000; 10,000; 30,0003 and 40,000 feet followed s
mattern similar to those for IRAY Day. A study of the winds aloft over Eniwetok for
YORE Day shows easterly (B 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
foot trajectories moved off to the west and west-morthwest, Using ths constant pressure
charts to extmpolate wind velocitles and directions, it was found that the 5,000 and
10,000 foot trajectories contimed moving westward, passing south of Guam in approxi-
mately four dayc, and reached the FPhilippine Irlapds in approximately seven to eight
duys. The 20,000 foot trajectory started to the north from Eniwetok and wms then caught
in a belt of easterly winds, These easterlies caused the material at the level to wveer
to the weat und reach the Guam area in approximetely four days also, However, due to
the variable wind conditions over Eniwetok on the test day, this trajectcry could be
~miidernbly in error although there is leas doubt sbout it than ths trajectory for the
same ultitwle on XRAY Day, The 30,000 and 40,000 foot trsjectories wmoved off repddly
to the northeast from Eniwetok. The subsequent comstamt pressure charts for these legvels
showed the winds shifted slowly back te westerly snd caused the trajectories to pass
south of the Hawaiian Islands, The 40,000 foot trajectory passed the Hammilan Islands
aren in approvimately 48 hours while the 30,000 foot trejectory arrived 72 hours after
bamb tine.

4

(Continued from previous page.)

AY-: study of the upper winds over Eniwetck Atoll on ZEBRA Day shows the

zgigieexzclozinc from southeasterly at 5,000 feet to southwesterly at 10,000 fest and then
tn west-southwesterly at 20,000 feet and above, The 5,000 foot trajectory went to the
northmest after leaving Eniwetok znd changed slowly to the west and yeat-eouthwest an
the secand and third day. Similerly, the 10,000 foot trajectory which started moving to
the northeast changed rupidly to the west after 24 hours and contimied on a westerly
heading, However, on the third and fourth day following ZEERA Day, a typboon in the
vicirity of Guam cuused the 5,000 and 10,000 foot narcels to increase rapidly in velocity
and nove to the northwest. The 2C,000 foot trajectory was less doubtful on ZEERA Day
than on the nrevious test days, Fairly strong and conaistent winds at Eniwetok, plus a
steady vind flow on the 500 milliber constant pressure chart, indicate that the trajectory
moved directly towards Midwsy Island and reached Midway in 72 hours. The 30,000 and
40,000 foot trnjectories left the Sniwetok area wiih moderately stromg westerly winds and
continued moving to the east. The 3C,000 cnd 40,000 foot trmjectories pessed scuth of
Havail in cppro:drately 3 and 2 deys, resnectively,
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The trajuctories ropresent the wovement of a parcel of air from
the wniwetok arca coraencing at "bomb time”, Bach arrow-~head
rvpresents a 24 bour wmovement, The date-time group {(GCT) at the

end of each trajectory represents the date and tine (G
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Sketches of the Atomic Clouds

As explained previously, it was not posaible to make photo-
graphs during the time that the clouda were in the mushroom stage. For
about the first ten seconds the clouds were in the fireball stage and
were lighted from within by incandescent gases; but after these gases
cooled, there was no light for photogruphic purposes wntil 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 1lluminate the clouds so that they were easy to see until they
rose high enough to catch the firat of the mornimg twilight. By the
time the lumineacence had faded, the upper parts of the clouds were
high enough to catch sufficient 1light to show their details clearly.

Throughout the time that the clouds were visible, they were
being rapidly sketched for the purpose of correlsting 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 mushroom stage are non-existent, it was 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 most of them were
comploted in less than one minute, and some of the sketches were affected
by the precanceived idess 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-1s my be noted in the sketch, there was considerable
natural cloudiness at H-hour. The tops of the cumulus averaged 8,000
feet and a few reached 10,000 or 12,000 feet. There were also fracto-
cumulus, and thin atratus around the tops of the cumulus. Passing rein
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 proamounced internal
circulation characteristics of any of the mushroom clonds, In fact,

the cloud very much resembled the ABIE Day cloud at Bikini. The sketches
show saveral short cloul streamers, or spurs, projecting out of the bot-
tom of the cloud as was seen at Bikini; and aome of the observers re-
corded an ice cap, or a smooth vell of cirrus dreped over the mushroom
at about Hehour plus five minutes. As the cloud rose, the stalk or stem
elongated and became smaller in diameter; and at nine minutas and thirty
seconds past H-hour, the bresk which is shown between upper and lower
cloud masses occwrTed, This separation occurred at about 20,000 feet.
Just below this break, which occérred in a region of wind shear, the
stem of the cloud dispersed and left an irregular patch of smoke and
dugt, The lowest part of the cloud, which greatly resembled the other
large cunmulus pearby, remained visible until H-hour plus twenty mlnutes
and then became lost amomng the other clouds.

YOKE DAY~ The quantity of gaseous constituents in the firebell
appeared to be notliceably greater on YOKE Day than IRAY Day, At
first, the cloud began to take the characteristic mushroom shepe; but
for asome reason, perhaps its size, the cloud was not ehls to form com-
pletely the ring shape circulation seen in previous clouds. The pri-
mary portion rose as a glgantic bubble of gas without a well defined
internal circulation, By the time the cloud reeched maximum 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 1ittle candensed water vapor,
Instead, 1t seemed to consist almost entirely of dust and smoke, At
H-hour plus sixteen minutes, the lowest part of the cloud resembled
a swelling cumulus clowd reaching to 9,000 or 10,000 feet. This cloud
moved amay In the easterly winds at low elevations mo that there is no
record of it after this time,

On page 50 1s shovm a sketch of the YOKE Dey 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 photograph on pege €9,
Unfortunately, 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 aveilable meaps of showing the shape
of the cloud,

ZEBRA DAY-This cloud had the familiar mshroom form, but the cloud

— 48—

did not bave a well defined circulation after the second minmute. From
the third to after the eighth minute, there was 1itile change in the
general shape of the cloud; but by the ninmth minute, the finger-like
projection which rose out of the top of the cloud could be plainly seen.
This projectian 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-liks part of the cloud broke away,
but it never did get far from the main body of the cloud. At about the
tenth or eleventh minute, the top and bottom of the cloud bad shifted
so that the top was east of the broad stem, and observers on the U.5.3,
Bairoko were able to look up into the bese of what had been the rising
mushroom head, These observers stated that the cloud, viewed from the
bottom, had a hollow appearance and looked somewhat 1ike e smoke-ring.
There was more cloud material in the edges of the cloud than in ite
center. This cloud also bad a cumulus-like formation in its lowest
portion, This cumlo-form cloud grew until it reached about 8,000 feet
end then disappeared as 1t moved off to the west,

v
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Explanation of Photographs

Although meny feet of film were used during Operation SANDSTONE to photo-
graph ths atomic clouds, very few plctures suitable for a scisntific report on the
clouds resulted. Since H-hour was bafore daylight, and because the atomic olouds
bad become sqmewhat diffused by the time sufficient light became awvaillable, most
photographs of the weapon pheancwena shom only the hemiapherical condensstion clouds
or the fireballs, Most of the film used for the cloudr was s0 completely upder-
exposed that it printed completely black. The results from the XRAY Day cloud were
very disappointing to photograpbers wbo had hoped to obtain pictures of the spectac-
ular mushroom. Fewer pictures of the YOKE Day cloud were attempted, and almost nons
were made of the ZEBBA Day clond. 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 interest,
After two or thres hours the clouds ad many cheructeristics of matural clouds, so
that to sp wninformed obeserver, they did not appear to be particularly significant.

dnother feature of the atomic clouds which was discouraging to photogrephiec
persannel was that as the clouds dispersed, the cloud material extended over such a
large srea that it was impossidble to frama all of a particulsr cloud in a single pho-
tograph. ¥o camsrs had s wide-angle lens suitabls for such a large coversge, and
there was no attempt to adapt a camera for series of panoramic viewa. In asseshling
pictures for this report, two photographs have been joined side by side if they glve
a more complete representation of a cloud even though the two photographs may have
been made at slightly different times,

It hes not been fssaible to meks messurements of the clouds directly frem
the photographa. This is primarily because the distances to the oclouds are not suf-
ficiently wll deteimined, It is such sasier to mke measurements from the theodolite
data and the skstches than to use the photographs,

Such dats as are available from the ocalculstions on the preceding mges have
been sdded to the photographs. The shaps of the top of ths IRAY Day cloud was such
that the dlagrem titled on page 35 could be used
to obtain & rough 1dea of its dlameter, but the shmpe of the YOXE Day cloud was such
that this type of dispersion analysis wes not applicable. No pictures of the ZEFRA
Day cloud are available until about H-hour plus 45 minutes, 15 minutes after the time
that it became necessary to end the apparent dispersion analysis because of thes poor
quality of the aximuth angle dsts, Thers is no wmay of adding dimensions to the pri-
mary mess 0 the photographs of the ZEBRA Day cloud except by means of the upper wind
vectors, and this doee not seem to bs wortlmhils since the effects of the wind struc-
ture on the shape of the cloud are shown om page 42, However, the lengths and widths
of the IRAY and YOKE Dey clouds have been entered on photographs mede one hcur past
Hehour. These data bave been determined from the estlmated winds and the
titled Dimensiana of Atomle Clonds st End of Tiwee Hours. Where altitode data are
given, 5,000 foot intervals are used in most cases because the wind deta selscted for
determining the shapes of the clonds were faor 5,000 foot elsvatione cmly.

A better understanding of the shapes and sizes of all of the atomlc clouds
18 obtainable by using the photographs in conjunction with the diagrams titled
Rimencions of Atomic Clouda at End of Threae Hours, beginning on page 39.

The quality of the majority of the cloud photogrephs lncluded here is poor,
Vory few of the picttres ave cantrasts suitable for half-tme reproducticn, and meny
of the detalls which were evident in the origiml photographs were lost in printing.

A few colared photogruphs of different views of each of the atomic olouds
exint, but the type of printing facilities available prevented the uss 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-Except for not showing the colors of the cloud, thepe photographs
give a reasonably good portrayal of the cloud up to H-hour plus three hours. With
this cloud as well ss the other two clouds, the coloration wes largely determined by
the amount of sunlight available. After the blue-viclet of the luminescence faded,
sbout three or four minutes after E-hour, the cloud appeared to be a dull white, while
the naturel cumulus appeared a dirty grey. At ebout H-bour plus ten minutes, the upper
part of the XRAY Day cloud appeared white and the lower portion hed a dirty, smoky
color. Than at H-hour plus twenty minutes wntil H=hour plus thirty minutes, the upper
portion of the cloud took on the vivid colors of the sunriss, The east sids of the
mushroom became a brillfant reddish-orunge, while the remsinder of the cloud remeinsd
s dull white, Aa ths sun rose higher, this colorstion apread over the cloud and be-
cana loss brilliant. The cirrus-type plume slways appeared much whiter than the i-
mary cloud, and showed up vividly against ths background of dark blue sky. In direct
sunlight, the globular mass had a cresm colcred appearance when contrasted to the in-
tenss white of the cirrus plume or to natursl cirrus. Even when the'top had spread
until 1t greatly resembled natural cirrocummlus, the slight coloration was noticeable.
The lower portiop of the IRAY Dey cloud, which appeared to comaist of msoke and dust,
had a distinet reddish-brown color that persisted as long as it could be seen,

YOKE DAY~-11thongh photographs of this cloud from the surface wers not pos-
sible until about B-hour plus 35 minutes, camerss in aircraft, where the cloud was
silhouetied against the light in the esstern sky, gave usable pictures as early as
Hehour plus 15 minutes.

The photograph of this cloud an page 68 doea not show the shape of the clond
as well as would be desired, but a coler photograph mide at the same time shows the
details clesrly, The color photograph bas besen used to make a skmtch of this oloud,
This sketch is presented on page 50,

At about fifteen minutes just after H-hour, the riaing sum calcred this
clond a dark reddish-ormnge. After that time, the orunge faded into a dirty-yellow
and then into & yellowlsh cream color. Ths color of the stem of the cloud was the
reddish-brown color of tbe smoke and duat of which it cansisted, At about Hehour
plus one hour, the time that the photograph on page 68 was wade, the stem appeared
reddish-brown even in direct sumlight. The top partion of the cloud, between 35,000
and 55,000 feet, appearsd as a broad band of cirrocumilus, and wmas almost white.

ZEBRA DAY-is far o5 1s kmown, there are no original black and white photo-
grephs of ths 7EHRA Day cloud, Ths pictures on peges 69 and 70 bave been reproduced
from colored prints,

When the sun shosm on the ZEERA Day cloud, the entire cloud was the same
reddish-brown that ad been seen in the stems of the previous stamic clouds, There
seened to be littls or no moisture to give whitenssa to any part of this cloud,

[
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Note how the primary portion resombles Sepsration bLutwobn priudry juiti-m nod Lower partion may he clearly seen in
Haturel e¢louds partielly obsoure the atomio eloud. this photosrsph, For both piotures the camera was located at Enjwetok.

Esrliest Picture of the Atomic Cloud.

a swelling cumulue,

H-hr. plus 11 min. H-hr. plus 12 min,
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Primary Portion with Plums, The plume ja extending out towsrd the obssrver
and not upward es it appears. The view is from Eniwetok.

H-hr. plus 40 min.

XRAY DAY

Lower toriiin of Atomic 21241, The baye of the primary portioa is ebkown in %}e

upper ri. ht, The photo,rs|h wus mate from the beach et Enfwesok.

H-hr. plus 40 min. -
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Primary Fortion with Plume, MNatural olowis im foregrouad. Note sirrvsuauluse
11ke appearenee of $he plums, The view ia from Eniwetok.

H-hr. plus 42 min.
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Primary Fortion with llume, The piume §» believed t0 have extonded along the
tage of the gtrutosphere in » 3008 of wind shesr, Photographed fram Eniwetok,

H-hr. plus 43 min. ~
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Complete Atomic Cloud. Two photographs made a8 slightly aiffersnt times bave
bsen pladed together to show oversll siructure of the oloud. It may be seen’
that even after there was sufficlwat eunliant the lower portion of the mtomis
eloud bhad & ymoky sppesrence in coutreest to ihe whiteness of the uppr part,

Note Lhat the plume hey beoore very fitrous and sesms 1o swesp around to the

right wherews mbout an hour befure it s pLenred to huve swept around to the
left, The beach at Bniwetok is in the foreground.

~

H-hr. plus 1 hr. and 45 min.
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Complete Atamioc Cloud. MNote how the lower pertion Wigise Sailels en & eiryesy
like sppearance. Also note how the upper pert is separating on the lefé m}i
sjde. Compare this photograph with the diagraas om page 39 which show the #
dimensions of the cloud st the ond of throe hours. The plotures were mads a4,
slightly different times, but they have been mounted togsther in oxder to ’lv'f
a better portrayal of the over-sll shape of the eloud, 4

SR i SRR '

H-hr. plus 2 hrs. 30 min. -
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XF‘RAY DAY

Lower lortion of the Atumie Cloud. This picture wes first thousht to be the left .
eide of the up;er part of the stomtc cloud, but close smamination showed thet the A
distant view of the Atomic Cloud., The sirorafs { t
o flying somevhare te the'

ares in the larpe black circle was the same ms the ures ip the swnil white circle
t
in the plcturs on the right bana side of this psge. The cirius-iixe nature of :u:’:\:lwosh:'-::-::::-m'l'h:;-phozog-pn should be campared with the diegrems.
even the relatively low part of the atomic cioud indirectly shows that the upjer the nl‘tuml Lo T hens .‘I‘M I:O of the cloud at the end of thres hours. Noke
part of the cloud did "0 to stratospheric sltitudes, end thet the 45,000 foot Atoll op IRAY DAY can f,. u“x{;‘:f weather whioh prevailed over m"‘.w;‘,\
3 . : -t
: : R ¥

cslouletfon for the top 1s pot unressonable. Therv is some vatursl cirsus
slouds wloag the horizon, The-aircraft from which the photo raph is mado 1s

over the Enfwstok Lasoon and the isleud pertially coversd by clouls 1w Kngebt.
. -
H-hr. plus 3 hrs.

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

First ifctures of the «~tomic Cloud, Note the dusty, smoky sppearence of the’
storte cloud, The iieweler Of the upper part is roughly six miles, I this
Phirtosruph the anvil-lice top of this cloud may be eessn, Tha spyroadimg out
of tiis wnvil 1w thouiht to have indicuted the arrival of the top of she
atomic cloud at the stratospherie inversion,

First Tlcture. of tue atomic Zioud, It 1y feriunnte thut the wtomic cl ud was
silhonettes o 'miuyl tie Llont of dewn i) (il these remurks lo LiClures were
obtnined. Nute that tue cumulua-18me clont whilen formed sv ths base of the
atomic cloud can Le eesn at the extreme left.

H-hr. plus 15 min.
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Upper Portion of Atamie Cloud es Viewed from Eniwetok. Darkn t
better photopraphs from the surface. DBeat photographs of t,,:::of,;:v:'{o:g,

‘in their eerly stages were made from aircreft where the el
ccainst the first light in the ematern sky, oud was silhouetted

H=hr. plus 35 min.



enuNPNus I
Awmmn‘enmrlms | YOKE DAY

B 50 miles -
— 55,000 ft. :
4
' - I8 miles et ’
. . | . —-%5,000 ft.
‘A vibAge Lt
I :

Vies . Completw atwd - Sluael, Lo te dusty, amoiy tpgenrecce of cloud lu JLs lower jurts,
Agtusllv the ~1 +4 - are Vi b § 5 N rest el o is shown in this photogreph.

H-hr. plus | hr.
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Eirliest Fiotura of t .« Atamde Clont. Tl trimary mass and the yemains of the
Cincor=line o estl. e 3node bl v the projection bun seporated itself
Prows toc Lt s . Twth b b ra g of the ZEBRA Day cloud were

maele Cronr dnbue toey,

H-Hr. plus 45 min.
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Frinsry bass with 21¢-Zay Stem. MNote how clirely the 1uop in the lower part’
compares with the 1o rum ghowin; the dimensions of the 2loyd ot the ond of

three hours, page ... The eloud apperred to Le entirely ¢
2 ! y composed of supk
and dust when this pnotorruph was made, ! ¥ P

H-Hr. plus 1 hr.
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Conclusions

The following discussions will be confined to phencmena produced by air tursts.
1. Early Develomment of an Atomlc Cloud:

Important factors affecting early development of an atomic cloud are as followas

C.

de.

Enerey of Weapan: The energy of the weapon will be the wost important
factor in determining the size of the cloud in its initial stages. Also,
there 1s & relationship betmeen the ensrgy of the weapon and the altitude
of the burst which affects the shepe of the cloud.
Temperatuxe of the dir (lapse Rate): 411 of the airbursts at Eniwetok
and at Bikini were under very similar temperature and lapee rate condi-
tions. Although it is reasonable to assume that differences in atmos-
pheric atructure would produce significant changes, little or nothing

18 kmowm about the effects of lapse rate on the shape of atomic clouds.

i \tf 1Y 3 Judging from the XRAY
Dey 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 tower or near the teat site, greatly af-
fected the character of the primary mess by the time thet it reached
maximum altituda, Yater content was also important in the dispersion
of the visible cloud,

Charactar of the Surfacei Where an air burst ocours at an altitude ae
low as 200 feet, considerable quantities of loose material from the
surface follow the fireball as it risea, and some of this material
mixes into the mushroom itself. Over s sandy, dusty surfaco, there is
paturally more clowd material., Loose material of this nature contributes

to the fall out of radiocactive material from the cloud.

f.

Altitude of Waeapon: The higher a weapon of & given snergy, the lesa

material is likely to be swept up from the surface and mare perfect the
mushroom, It is believed that the treak which ocourred 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 altituds, the
mshroom rises faster than the stem and a hreak in the oloud is likely

to result. It 1s further believed that the YOKE Day oloud was misshepen

because it was at a low altitude with respect to its initial evergy.
Surface Winds: The winds at low levels do not bave much effects wn

atagddc clouds in early stages as at firat ths clouds seemito rise nearly
straight up.

2. Maximm Altitude of an Atomic Clouds

With respect to the SANDSTOME clouds, the emergy of the weapons wans the greatest

ocantributing factor to the maximm altitude.

It does not seem that the lower altitude of the ZEERA cloud can be attributed
to meteorolozical conditions.

Where sufficient energy is available, the clouds rise

until they reach the tase of the stratosphere, at about 55,000 feet in the Eniwetok ares,
3. Dispersion of an Atonlo CGloud:

factorss

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

a. Amount of Materisl at Difforent Altitudes: The amount of materisl which

1s orjginally distributed at different altitudes largely determines the

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

three SMDSTCNE clouds shows that there 1s considerables variation - in the

amounts of material at different altitudes,




Conclusions —

(continued from previous page)

b. Find Pirection and Velocity at Particylar Altitudes: The moet important 7. Batural Cquvectloni
factor in sbaping the cloud as it is dispersed ia the transport of the The tops of cumulus clouds in the Eniwetck Area averaged 6,000 to 8,000 feet.
cloud material by the upper winds, In any determination of the shape of Occasionally cumulus ranged 10,000 to 20,000, and infrequantly they extended to 30,000.
an atoaic clowd, or the location of atomic cloud meterial, the wind direc- Cumulonimbus which range to the bmse of the strstosphere are a rarity in reglona where
tions and velocities at particular elswmticns are of primery laportance. atomic clouds are likely to be present. Therefore, most of the radicactive material
c. Differsnces in Find Direction and Yelacity which Produce Sheartng Actiunt in an atomic cloud is 11kely to be above the region where it will be affected by natural
Where considerable differences in the wind direction or wind velocity eavection.
ocour with respsct to altitude, an atomis cloud 1s spresd out es was the 8. Washing Actian of Precipitaticn:
top of the IRAY Day cloud ar stretched out into s ribbm s was the TOKE The freesing level in the latitude of Enimetok is frow 16,000 to 20,000 fest and
Dey cloud, it lowers in high latitudes untll it reaches the suface. Most of the radicactive mate-
4. wmt The dropping of meterisl to sucosssively rial 1o 1ikely to start out above the level when 1L can bs washed from the atmospbere by
Jower altitudes because of the effects of gravity greatly affects the rain., Some of it nill be trupped into lce cryatals, but this effect is thought'to be
shape of an atomlc cloud if perioda of time as lang as days or woaks are less effective than the washing action of rainfall,
being conaidered; bowever, fall out is so slow that it cennot be detected 9. Eddy Dirtoalags
visually., There doss mot seem to be any need of cansidering fell out The circular moticns in the stmosphere of every sise whish range from almost
when determining the shape of en atomic cloud three bours old, No defi- sicroscople eddys, through the convective cells that produce cusulua clouds, to the high
nite figures co the rate of fall cut are yet available, and low pressure circulations which cover thousands of square milea are the most important
e. Gopdonsation of Hater Vapor an Gloud Musled: It appoars that thers may factor in determining the volume of the cloud, or the area covered by it.
tave boen condensation of water vapor cu the cloud puclel in the upper 10, Melecular Diffusiog:
sections of the IRAY Day cloud which would account for ita largs sres The effects of wind and eddy diffusion are thought to be of much groater effect
snd its resemblance to natural cirrus. in determining the dimensions of an atomie cloud than molecular diffusion.
f. Exaoraiion of Tafer Droclotas The cumilus-like foraations st the lowsr

ond of the atomic clouds were lost from sight withis 15 mimutes et

11. Badar Oboervationas

All three of the atomic clouds were observed on the SP radar of the U.S.3. Bairoko.
evaporation is thought to be a contrituting factor to thelr dlsarpemrs

i The XRAY Day cloud lssted 4 mimites on the scope, the TOKE Day cloud lasted 12 mimtes, and
tmis cl

tons
ance. It.ia thought that water vapor can both colles the ZERL Day cloud is thought to have lssted 2 hours, HNothing conclusive was lssrned with

canditions.
material or eveporate from it depending om the atnospheric regard to radar cbservations.

TV shnws the Internal sotions withi
Notet The figure on page . n an atomic cloud in its
nitial stages. It !y intaresting to =5te that because of the circular motion

may be

rd velscity n th
hin the sushroos, the ujea Y e center of th hi
::’:rou-uly telce that of the top of the atomic cloud, © aushroon
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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 10 seconds Time: plus 2 minutes
Diameter: 1/2 mile Diometer: 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.



. : e e

Shape of Visible Cloud in Later Stages
Depends on Following Factors:—

.
2.

O o N o 0o b

1O

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, |

~74-



. Recommendations "

1. Sclentilis Feteorclogical Progxami A scientific metecrclogical program should be
s part of the oversll scientific observetions msde during atomic weapan tests. 4 deairebls
scientific program should include the following kinds of astivity:
a. Research and developmental work cm observaticnal techniques and instruments.
b, Coordination of plans with otber scientific groups baving common interests.
¢. Observational work at the scens of the test.

d. Apalysis of data collected, and the preparation of reports for publicatiom.

2. Wl Among the first requirements of any study of atomic oloud
phencmena are adequate upper wind dats, The maxisoe sltitude of the soundings should be at
least 10,000 fest above the maximm altitude that the atomis cloud 1s expected to go. (In
the Eniwetok ares wind soundings to 65,000 or 70,000 feet are required.) The frequency of
tha soundings should be such that at lsast three different sets of data are available for
estimating the effects of the winds during tha 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 sbould be made every three hours. For anulysis work, several
soundings are preferred to & single sounding, Wheae it is likely that some scundings will
not reach the required maxisum altitude, additiomal scmndings should be schisduled, Recorded
or coded dats should be written im 1,000 foot intervels for all elsvationo when atomic clouds

are under consideration.

3 W. Dependable upper air observations of tempereture and

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

atulien. To be of greatsst value, there should be at least two saundings which will show

the structure of the atmospbere st the time of formation of the atomic cloud,

4. Theodolite Obwervations: A photo-theodolite capable of making a picture of the
cloud, which would include the asimuth angls, the :lsutinn sngle, and the time, would be &
very useful tool for a study of atomis clouds., However, if the tests are conducted in dark-
neas, visuml cbservations with sketohes will continue to be required., Rigidly mownted shore
type theodolites are recommended over shipboard theodolites, Alsc, theodolite observatiom
stations should be comnected by telephone or short reange radio, so that observations cen be
bettar ccordinated, '

5. Photograsmatrv: The task of photographing atomic clouds should be given to experts
in photogrammetry. A1l of the different methods of msasurement by photography whisch
could be applied t0 cloud observations should be trisd. In particular, expsriments with
stereoncopic tecimiques should be attempted, Also, photographic persommel should iba equipped
to pake panaremio views of the dispersed clouds, Operstional orders should specify that the
director of photography will work in close oonjunction with the acientific meteorological
program, The orders should also spocify that the director of photography will fwrnish dimen-
sionel data sufficient to comstruct models of the cloud, should a model be required.

6. Alrcanft Observationa: Photogrephs or reccords of visual observetions from aircraft
can show many features of the c]:md that cannot be recorded im any other way. In the case
of the YORE Day cloud, photogmphs were possible from aircraft befors they were poesibls froz
the ships and island beses, Airborne observers can also follow the visual cloud longer than
observers on the surface, It is ectimated that airborme cbservers coculd lmve followed the
SANDSTOME clouds during most of the daylight hours on the test days, whereas obesrvations
from the surface wers not possibla after three houra. Another cbeervation which an saircraft

can make which camnot be mede safely any other may is visual or photographis coverage of the
lowest part’of au atomic cloud where fall out occurs to ths surfuce, Anything which could

be learnod with regard to fall out from the lmn. part of the cloud would be very useful for

rediological eafsty studiese.

Adrcraft should also be used to obtain more information on the cumilus-type formation

that occurred over the test sites, ocnd which were a featurs of the bottam part of the atomic

clouds,
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| Discussion of Observational Techniques

T

The Officis] Report of Operation CROSSROADS oomtains the following statement con-
cerning the atomic cloud formed on ABIE DAY et Bikini, 1 July 1946s

*The firebell rose initiully st the rute of more than one lumdred alles per
hour. Within twenty seconds it trunsformed itself into the fireless head
of the mushroom, now one mile high. Two minutes later the muslroom'o al-
titude wes five miles; five minutes later it was seven nlles, ane mile
higher than Mt, Everest,®

The figures steted are rough estimates prepured as an afterthought. Techniques for
meaguring the cloud were not considered in the CROSSROADS Operstiom plen, Data on thet
¢loud consist of eye witness accounts from eurface and alrborne cbservers, information
derived frow the operation of the drones, and photographs of ths mushroom. Observors on
at least one ship used s meteorological theodolite to make altitude detexrminations, tut
no considerations were given to movenent by the upper winds or to the shape of the cloud.
Such data as were obtained have not been useful for scientific work, Thercfors, when it
wes decided that cloud measurements wers to be a part of the scimtifio metecrological
progmn, a techniqus had to be devised and instructions issued in order that satisfectory
data would be obteined,

It was not lnown what kind of ph would be produced by the weapons, tut since
the weapona were to be tested in the air, it was assuned that the clouds would be similar
to thoss obserwved on ABIE DAY. Also, it was not knomn at what time of day the tests would
be conducted or to what extent photographs could be used. It was not practical to bring
additional instruments or personnel into the area for the purpose of making cloud observa-
tions, or to establish an observing station separate from the USS Albesarle, the USS
Baircko, the USS Curtiss, the USS Mt. McKinlay, or Eniwetok. This meant that observations
would have to be made with the ordinary westher instruments at hend snd that the bess line
far observetions 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 toc close together
for a base line to be asteblished, but were sufficiontly far apart far observers to get
significantly different views of the clowd. The weather station at Eniwetok was so
located that the YRAY DAY cloud could bardly be seen and littls use could be made of the
data obtained for YOXE and ZEBRA DAYS. There was no possibllity of commmicating betveen
the steticns and directing staticns to sight on the same point at the same time, There-
fore, & scheme was devised whereby data would be entered on skstohes.

At the time the weather stations were directed to collect data it was not kmom Just
how the data would bs used to perform the desired opsrations for measuring the atomic
clouds; however, it was decided to collect as such data as practical end then determine
bow 1t could be used. After YRAY DAY the cketches and data were examined, and a procodure
for processing the data was arrived at by trial snd error methods, The data for YOKE and
ZEBRA DAYS were processed in somewhat the pame warner as those for XRAY DAY, however, there
were differences between the behavior of each of the thrse clouds which made it necessary

to interpret the data slightly differently.

In fcular, the elevation sngles cbtained by sighting am the highest part of the
clonls mvs d1eherent siaped curves shan plotted, and altitods calculaticos bad to be mds
in & sopewhat difforent menner each time, At first, an attempt wes made to consider sach
observetion station individually and to make completely somrate calculations for each
atation so that final results could be campared. This proved to be impructical, 8o 1t was
decided that it would be best to cansidor all of the shipe as a single oboerving statim
locoted in the position of the USS Albemarxle. The positicn of the Alberarle wee chosen
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because that ship gave the most consistent dats. In the the angles from

the shipe were plotted together, but only ome curve is dnpw:?h.m.n curve fits .M-

mately the points of the Albemarls, Whore the sctual data from the Albemarls does not

agree with the other ships, the curve is drawn to what was 1ikely to be the trus condi-

tiona rather than to the points corresponding to the angles reported by the Albamarle.

411 of the curves have been fitted by oye, and other liberties have beem talem in the

:.:::m::-tm of the thmdti:. data, This 18 because of the orude way in which the
rvations were taken uncertainty that o

sabo; OF POTTEORI il y all observers were sighting on the

It 18 very difficult to tell what effect the » out of the cloud hms on the
obaerved elevation angles. Then the cloud 1s low or at a considerabls distance, as in
the case of the IRAY DAY cloud, it is poscible to mec above the edge of the mshroom and
aight on the bulping top of the cloud ao that a nearly true elewation angls is obtained,
In cases where the mushroom rises more nearly oveThead, it 1s not poasible to see the top
of the surchroom and the observer sights on what appears to be the highest part of the near
side. This 1 likely to produce a recorded slevatiom angle which is higher than would be
obtained by eighting on the higheat part of the cloud, assuming that
the mushroom is somewhare near the center.

the

lhenthnmrv-farthndmtﬂ.anuel.arthhighutpomof-nhatth‘tbrn
clouds 1s examined, it will be found that the largest elevation angle does not necessarily
occur at the time the cloud reaches the highest elevation. Where the clond mov.
the obeerver, the rate of increase in distance betwesn the top of the cloud snd
observer may be sufficiently great, when compared with the rate of rise, to cau
ma;. ;ng%a to be observed shortly befors the clowd reaches maximm sltitude. (Ses

on

H
surfoce

Angle AOS is greater than angle BOS in this e le, and e COS
other two angles when the poth of a point s eonaix’l::zd.' Thuu:it thtuthi“highnl m:?. molvu-
tion angle did not mecessarily 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 furthor compliceted by tho fact that the clouds were volumeo, rather than pointe
vhich became larger es they rose and appoared to spread cut after resching the tropoplmt
In the cese of the YOKE DAY cloud, the top appeared to epread back about the time that it
reached mxime altitude oo that the cbserved angle corresponding to angle CO3 iu the
above figure was larger than the angle BS for & period of severul mimutes. The visnal
appearance of the clouds was one of the best clues to the time whan mmximmm altituds was
reached, For example, the time of beginning of the wing-like plume oo the JRAY DAY cloud
was taken as the approximate time when the cloud reschod highest altitude, Another elue
to the bobavior of the clouds is the rate of rise curve, There are a limited mmber of
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possible values shich will give a reasomsble rete of rise curve. By trisl and error 1t
was possible to seleot velusa which give a reascpable looking ourve and also fit the ob-
served bebavior of the scloud.

The results contained in this report are based on what are belisved to te reasomsble
assumptions where actusl data were not obtainable, Another authar could make diffarent
sssumptions and obtain slightly different answers. However, the difference in answers 1s
not likely to be important for the relatively great size of en atomic cloud mmkes differ~
ences of several thousapd feet ins jcant. Yor opsrational purposes shich can be fore-
seen, estimatos which are within 108 of true sise or altituds should be smct eiungh. Aa
stomic oloud is an irregular mass of contimuously changing dimensions epd demsity, It
does not lend itself to sxmact measurement.

A better understanding of the dats ocomtained herein is poasible if scew of the lls-
itations of upper wind observations are understood. Upper winds are estimated by olwerv-
ing the behaviar of a free balloon rising through the atmcophere. During SAMXTOME the
balloons were obesrved visually, by radar, and by radic directico finding squijmect. The
results of all three wethods are considered togother although there way be scme differvoces
in reported wind data which are caused by differences in the methods used, Conuecutive
wind soundings show changes in wind directiom and velocity which are grester than wmuld
ordinarily be expected for ths meteorclogical conditions whioh existed. 4s very liittla
1s imown about the changea in the upper winds in tropical regimms, it is pot known 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 H-hour ere used to
eastimte the winds which affected the rising cloud.

Another difficulty in using upper wind data is csused by the fact that upjer wind
directions are figured only to the nearest tan degrees. In a vector caloulaticn such as
that used to determine the position of the clouds at the time they reached saximm alti-
tude, this cosrssnsss of teclnique may be of oonsidersbls significance, s» ervors tand
to be accumulative.

It would be quite possible for the sctusl wind which affected the clowd to le quite
diffarent from the estimated wind; however, a comparison of the shaps of Ul clusis in
sketches and photographs with the shapes which would be expected had the estimstad wind
prevalled shows that the estimated wind must bs a fairly good approximation of Us trus
wind.

Throughout this entire report the times given should be taken to bs sijsosiests. It
was not posgible to exactly synchronize timing betwean observation ctaticns, ....-;.h -t
orToT in reading matches causes any time recorded to be only ap apmroximstim of ths tna
time, The times shown for HB-hour are given to the nearest minuta only. Thare dala 1s
given for an interval of seconds, the time for that dats should be consldersd to le
roughly estimated,

The follow are the instructions which were issusd to the westher statices wdich
participated inhu‘i- solentific metecrological progras. To these Lnn.r\lnlun: hh:v-nt:-a
sdded commants which were inserted as this report was made ready for publics ; hmt se
couments are intendsd to be of assistance in the preparation of imstructiams fur future
scientific cbservational programs,

SE

INT TASK FORCE SEVEN
187, c/o Postmaster
San Francisco, California

000,93 - 6 April 1948

SUBJECT: FParticipation of Weather Stations in tha Sciantifio
leteorological Frogram,

™ 1 Commander, Air Forces, Joint Task Force Seven
Commander, Task Group 7.3

1., Paragrapms 3b(4) and 3c(2) of Anpex K, KETECROLOGICAL PIAN, to
Fi0ld Order o, 1, Headquarters, Joint Task Force Soven, dated 1, Nowvember
1947, delineate the responsibilities of the metecrological wnits of the
Task Force with regard to the soientific meteorological program,

2. Detalled instructions for making scisntific obserwations by sero-
logicel and weather personnel are containsd in the inclosure to this latter,
titled Particimation of Veathar Stations in the Sciontific Mateorglocical
Drogran. These instructions apply only to weather activities within visual
range of a proof test, and are primarily concernsd with ths adequate docu-
sentation of any meteorological phenasena, including an atomisc clowd, which
may be associsted with a test. It is very desireble that the Navy Aarology
units abonrd the USS MT McKINIEY, the USS ALHEMARIE, the USS CIRTISS and
the USS BAIROKO, and the Air Weatber Service statiom at Eniwetok cooperate
in waking thess apscial obwervatiomns; and it is requested that coples of
the mi:cln-un be distributad to all asrclogicel and weathsr officere con-
ce .

3. It is alsoc desired that the sbove manticned metsorological
activitiss operate high speed micro-barographe as part of the sciemtifis
wetearologicel progrem. The instructions for these instrasents will be
1ssusd separetely.

4+ Weoteorological date collected an atomic phenctns will be treated
as (but not necessarily classified as) "TOP SECRET « AEA Restricted Data®
for all purposes., Such data will be submitted as soon as practicabls to
the Staff Meteorologiat, this Headquarters, snd the Staff Meteorvlogist
sulmit a1l date to the Test Director for revisw for classifioatiam.

BY COMMAND O LIEUTEMANT GEMFRAL HULL:




PARTICIPATION OF WEATHEH STATIONS IN THR SCIENTIFIC
METECGROLOGICAL PROGRAM

Weather stetions within sight of the stomjc phencsens should give first priority
to the tasks assigned by the operational plan; tut where time and personnel are avail-
eble, the following contributions should be mede to the scientific metecrological pro-
grem, The meteorological units which are expected to contribute to the collection of
data are the westher station at Eniwetok and the amerological units abosrd the Curtiss,
the Mt. McKinley, the Albemsrls, and the Bairoko,

1. Spacial Weathar Cbservations: One howr prior to the time of tbe test (or tests)
and zgmm atomic cloud is visible, weatber conditiona should
be constantly observed. Add to the regular hourly or special observutions any other
cbsarvationsl duta or plein langusge descriptions necessary to give a true picture of
the mutecrolcgical conditions assoclated with tbe atomic phenomens. Strive for great
sccuracy and detail in recording observations. Well written eyewitness accounts,
backed up by instrumentsl data, from meteorological units will be included in the
published scientific repart, Attempt to document dimensions, distances, times, rates
of formation, or other pclentific data, if aveilable, or if such informetion can be
readily estimated,

8. Observstions of Natural Cloudiness; Give the best possible ducrtﬁ:icn
of nat ess from a per one hour prior to the teat wntil

atomic cloud and its effects bave completely disappeared. Record amounts,
beights of bases, and tops of all clouds. If numerical data is not avail-
able for middle or high clowds, descridbe them using such words as “vary

thin® or “thick,shape of sun disk not discernable, but clouds show no shadows
on undersides.® Use balloon and aircraft dsta if possible, or meke best
possible estimates. If cloud data is obtained by measuresent, that fact
should be stated. Also, give arisntation of clowd resses or sheote with
respect to tho weather stetion and the teat area, Racord cloud movements,
diesipation, or development, Should natural clowds be mized or associated
with the stomc clouds, describe the extent of the miring,

. Obs tions of Showers: If rain showers or thunderstorms are obsarved
Bhile erv: c ® fresent, describe them and show their devel opment
and movement relative to the terget area and tbe atomic clowd, If radar views
of the rain area ere available, describe their development and wovement, and
state if photographs were made. Should rein occur at the station while the
atomic clowd is in the area, state the exact time redn began and ended and
tell the intensity of the rainfall throughout the period that it occurred,

If no rein 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,

Cosment: The rain showers in the test area showed plainly oo the
(radar scopes sbosrd the U.S5,5, Mt, Mckinley and could have been
eusily photographed, If photographs had been made shortly ufter
the tests and during the period thut the atesdc clouds were in
renge, it would heve been possible tc estlualc whether or no: 'y
ahower resulting frow natursl ceuses occcurred witidn the diffusiag
atotidc cloud. 4 study of radar photogrsphs Of snower areus nsLocle
ated with different meteorological situstiocs would permit ai esti-
mete of the extent of the shower activity wffccting the cloud 1o
areas whera observetions sre not possiblie, Yor example, it might

S ET

be determined that the lowest tion of the atomic clowd

carried in an air mass in which there wers aly widely nm:::nd

cuzulus with tops below 12,000 feet and with bases from one-half

:g“l oge o:ci\);; uc‘nl dia;te;. hni!t zight be estimated that such showars
y y of the total horizontal ar woul

fore, not greetly affect the atomic cloud.) o wd 4 there-

€. Observations of Surface 4ind; Stations near the test area should efully

te
changes 1n w rection or velocity associated with the atomic phmoaa, en'commt;::
eerial photographe of the sea surface around the test area during tbe rise of sm stomd
cloud would be most useful in determining the circulation pattern produced ¢

(Commant: Surfece winds are not affected by atomic phanomena
the distances at which weather oblmtimyukﬂm bave hm“
located, Beyond three miles from tha test site there is little

reason to give attention to possible changee in surf wind
48 result of an atomic blut?? the e

d, Observations of Ubusual Phenomena:; Obeervers should be on the al record
H art to
:IeatFE occrTence, Dowever Taprobable, Smull whirlwinds might form over s heated ﬁfm
ter the main cloud has moved clear, s smell tornado or waterspout might form at the base
of the atomic clowd, 1ightning might be observed in the atomic clowd, etc,

(Comment: Because of distance and dust, it is unlikely that a
weathsr observer could see occurrences beneath an atomic clowd,)

o, Obeervutioos from Becordiaz Instruments: Submit recards of all r rding

i 8C0. t
logi instruments. cate dates, times, instrument corrections, and Wut:umuu
i;roglxc:d by ;tomictp:;nomt. Give ;oanlcm of instruments in longitude and latitude and
n distunce from atomic test site, For particular instruments, the fi
- ' ollowing instructions

(1) Bar or Micro-barographs: State locatiog in ding
descrive the route o mressure wave to the barograph. A :::}dng lmpl::tim
of the building or ship and the openings through which the pressure wave passed would
be moat helpful. Show by means of an arrow the direction that the pressure wave came
in its route to the barographs, Be sure to state the height of the instrument abo:
mean gea level, Tell whether or not the barograph was &n a sponge rubber mat: wd':f
there 1s evidence that the instrument was shaken by vitration from the buwllding or
ground, point that out on the trace. e

(2) Ther aphs and other he: State the locat
State whot o Do was in direc ne ol heat radiation f:oo: ::onti‘:: mmmh
atote how 3t was affected by direct sunlight, If a drawing will give more conplet; in-.o
furmation, include oge, Accwrute measursments of tempersture and humidity are ver
desireble, If it 1s suspected that the temperatwre o the thersoscreen may be Mg{m‘
becruse the sun has been shining directly agninst the side of the ship on which the
thermoscreen is mounted, several readings from a band psychrometer should be obtained
in sheded, but exposed arens, Stato where such observatlions were mads, Be sure to us
clean, frosh water and new mmslin on wet-bulb tlermometers, Hairs on hydrographs lh:u:d
be cleaned with distilled water applied with a soft brush, .




(3) Radiosondes: If a radicconde trece shows evidence of heating or unu

bmit the trece and
inversions wbich mey be tne result of atomic phecsmena, sul
of the adimbatic chert showing tha change produced,

2.

Comment: dinary meteorological instruments give disappointing
(ruul::.whgn exposed to the instantaneous radiant heat of an atomic
weapon and uicrobarographs in similar locations give widely differ-

measurcrents of the game pressure wave, ¥o further msasurements
with ordinary instruments are recommended.)

Gbeervations of Atomic Phenomens:

clouds
. Beat; .Ncte any effects of heating such as the production of natural
:y convection or the dissipation of clouds by evaporatiom,

Comoent: Natural clouds are greatly affected in the vicinity of
(t.he condeasation cloud but not perceptibly outside of {t. (See
photographs of Able Dey at Bikini,)

3 blast wave travaling through the atmosphare may pruuce
:;‘fe%%t :at be easily photographed, therefore visual observatious

may prove to be very useful in the study of the pressure wave phenomema.

tion of t: There mey be a diffraction of ordioary
%%% wave which could be seon but not easily
photographad, Should this ocour, the wave would appear as a rapidly

xpanding transpareat bubble sand would likely be seen againat the
:hnr. blue sky at soms distance Yo either side of the teet poinmt.

n Matursl Clouds: The bursting of atomic boabe has
(a()xhun:t“i‘ :g = o ar the bursting point, That bubble can
g: easily studied from photographs, but o cloud phenonena -&:.
ocour which might not be caught by the camaras, The prolstgt wa
Day sppeer t0 cause movement in existing clouds, perticularly as .
it moves along the base of a uniform cloud layer. Also, the p-nuf
of the pressure through any aresa of high relative haidity wlg:ro
duce visible vapor formation ocutside of the main fog bubtle, e
should be noted that the size of the fog bubble depends wkm-
pressure drop necessary to produce 100% relative hunddity. Rl
rate radiosonde dats for sbout the first 5,000 feet of altitude
will belp in the study of the fog bublle phenomens.

¥ If the presmze weve is noted to produce any
3}”'35 :l'“mﬁzth over ‘t’hn water surface, describe what bepjecs,

(C‘unmh) ¥o pressure wave phanomena,such as suggested above, wos
visible,

{
¢, AMr Circulation: Lodk for smy disturbsnce of the local v::: ;n-:mllfr“ d:oa
u.sy convective pattern which might be produced, Notice if ?MC c.l:\:i’
sipate, as air is pulled into, or subsides from, a rieing af .

ulies of
t: Such was not reported, However, st
(m :nuu pim abow some evidence of a convective
pattern.)

d, Atomic Cloud:

rlued =ith
(1) Size and Sbape: Data on an atomic cloud which ml\l“:;n:\‘:l:‘“” o
the theodolite will be of consideruble value. ﬁn\’ﬁ{l‘tanc“ e
the cloud showing outstanding features and giving m‘dm‘;- L rartic
angles, etc,, will ald in checking photographic :oh: e beer ¢ very
culer, visual data will be of greateat value as g

S

I—6

e —— e

diffuse and invisible to the camers, Also, after several hours, the
cloud mey become too widespread in area for its shaps to be shown by a
photograh, Two scmle sketches ere included, HNotice that some plain
1anguege'data ic irclunded in the sketcies, At firat, when the cloud is
risine ond chanzing rasidly, make readings first on the top of the high-
est nortion, Then ar it slows down, meke resdings an the ton of the two
or three major cloud tesres. As the cloud becomes more steble, meke as
w:ny megsurements a8 nossible, Make reedings continuoualy, No set of
rezdings should exceed & minutes duration, mo that there is no longer
than 5 minutes lapgsed tice between readings oo any one portion of the
cloud, On practice days, the men who will make these cbservations [

the atomic cloud will submit data on & lerge cumulua cloud (1if one occurs)
for a veriod of one-half hour,

(Comnent; The results of these instructions meke up the most important
pert of this report, No observing staticn foll owed exactly the oathod
shown in tbe examples, Best results were obtained by the use of two
or zore theodolites at & station. Qne thecdolite was used for the left
and right lend edge of the primery portion apnd the other theodolite con-
centrated on the highest part of the cloud, At the same time, sketches
were wade by a suparate observer who murked on the aketches the points
at which the theodolites were zimed, There was no difficulty in meidng
observotions on the highest point at 30 secand intervals and an each
elde of the clrud at one minute intervals, At firct, skatches ware made
at the rate of one each uinute for about the first 15 minutes, Theg
they were mads at 5 mipute intervels for the first hour. After that,
sketches wore mads at 10 or 15 minute iutervals, The colar and charac-
teristics of the atosdc clouds were entered on the sketches. Rigidly
mounted shore type theodolites are grestly preferred to IME\;M theo-
dolites for thie type of work, Magnification of the clowd by a lens
system {8 not required end may be objectionable, iny instrument which
will mensure azimutk and elevation angles simultanecusly can be used
instead of » theodolite,)

(2) 1ce Veil: The atomdc clouwd cn dble Day st Bikin{ wes topped by a smooth
vell cloud which was thought to be composed of cirrus-1ike 1ce crystals, Should
such a clovd occur egein, as much date as possible should be collected, Show
the veil structure in sketches end give theodolite dats with exact times of
formation, chenging, and diapppunrunce,

(3) Color of Sw; If the swm should be seen to be shining through the atomic
cloud, record the color of the sun, Aleo, record the times of the obeervations
and the angles of the sun above the horizen, 1If the sun disk can be shown in
the cloud sketches, ehow through which portian of the cloud it shown,

(Comment: The e wus ot seen to shine through the atomic clouds except
poesibly on XRAY Day whan the wper part of the cloud mingled with cirrus
through which the sun wes ehining. There was no coloration, This obeearve~

tion wes requested by radlologiets who thought that o would give some
huuu\tiouagf the -1:0 of Lh.og;‘urticlol Ln“&a clmxl?sn

(W) Hular Views: Should the stomic cloud show oo a radar screen, report in
deteiY vhat Eppmnd. » TP

(Coment: L. aarly stagee the ntcml;: clouds wers observed oo radar;
however, the cbeervational date obtained is inconclusive.)

(5) Movement: The covement of the cloud relative to the upper winds (and the
dispersTonof the cloud) should be atulled and meds tke subject of a special
report if uny infurmaticn is avsilable and is not otherwise covored.

(Coment: Observurs submitted sketches and data but did not submit
sopurste reparts of cloud movemant.)

.




E xamples

Sketches Distributed to Observers Before Tests:—

SEC

T

1tz
i

Sample

a)

Fﬁ%) (e)
Vv e s
57

(1),

cumulus g
cloud
dyst dyst
JB ,4*’/ k)
N

Observer:__J, Suith, CAuro

Recorder: 1, Jonecs, Acrm )

SE T

Unit:

Date:_30 Feb, '.8
Looal Time (a):__ 1214
Local Tine (x): 1218
Position:
Long. 180 ° 35 ' 15 ¥
Lat. 30 ° 43 ' 30 "
Height of Theodolitc:

15 fect.
Azimuth Elevation

a._270.0 12.0
b. 270.0 11.2
c._273,2 1.0
d,_266.8 11.2
e, 273.4 11,3
. 2720.0 9.7
&._270,8 9.3
h._270.0 9.5
1. _2n9.9 2.5
J._267.0 0,8
K. 273.2 0.8
1,

m,

USS Heversgd

Portion of Cloud
Overhead

s
\\\\§\p

(o)

ithith §\\\

Sanple
Data: 30 Feb, ‘'L48

Looal Time (& ): 1305
Looal Time (b ); 1309
Position:

Long. 180 ©° 19 v 45 W
Lat. __ 30 ° 41 ‘' Q0 ¥
Height of Theodolite:

: 15 feet,

Asiguth Elevation

a. 82,0 25.0
b._180,0 84,0
O. 2Q.Q BZ.Q
4. 278.0 70.0

8.200.0 . __63.0

e HZV
- (d) r. 24,8.0 47.0

g. 238.0 0.5

(o) AffAIif:ﬁiJ h._225.0 0.5
A

i

() *

el ;.

k.

(h) 1.
&) .

/o ~<r_\‘A/J‘}1orlzrg_}14{/’“

2202 Jg07 2ho0

Dbserver:__J, Smith Charm
Recorder:__ T, JTongg, Aerm 1

Unit: USS Nove:g§1 4

Sample
s

o,



Visual Observations at Long Distances

Whea it was discovered that H-hour for YORE DAY would be in darimess, 1t was
snticipated that a brillisnt display would be produced similar to thet of XRAY DAY, and
that the light would De gseen at a considerable digtance. With due regard to security,
cbservers on Kwajalein, bocarik_, and Majuro were asked to watch the horizon in the
direction of Eniwetok at spproximately H-hour, They were not told what they should
expect to see, and they were not prepared to time eny phenomena which they saw. Ap-
parently, they saw both the initial flash of the weapon and the intense light of the
firebell within the condensation cloud, As far gs is lmown, this is the greatest dis-
tance which any object or occurrence on the surface has been seen. In future tests
which way be conducted in darkness, it is hoped that color photogrephs can be made of
this light transmitted to long distances. Such photographs would be of general inter-
est and might be useful in studies of the atmosphere,

'

165°
Eniwetok 300 miles

Rongerik

MARSHALL

|
ISLANDS

Kwajalein

Majuro

165° 170°

I observed the of the atomlc Weapon explosion frou Kajelsin ao *Y®

Day, A wvery btrizht flash ocourred firat which gave a reflvctod light to olouds aluwost

vartically overhesd. I caould not emtiuate the harizontal oxtent of the reflected
light fram the flash, it seamnd to shaw evuryphers in my field of visiun. The
instant appearance and disappesrance of the reflected light fram the flash iade

it vary difficult to svaluste 1ts axtent and intensity realistically. The flush
was followed by a vary rapidly increasing, nearly instantanccus, red glow on the
horizon which gave a proncunced pink reflection from the olouds to about 60 Jerves
both vertically end horizontally. Tuis aftpr-glow receded steadily and por:zeptably
¥ithin 15-20 seconds (estimated) to s mmall apot on the horizoa whish remajned

faintly visibly for perhaps another 10.15 ueaonds,

%ﬁuﬁf (7lf-v
AAY fuf TAN

lat Lt.,
Task Upit 7.4.4 (obile)

ETATENENT COHCERNTING "Y® d y 15} ¢r moen from 151 nids indicated:-

RBongeril s Lutobnek Isle, Ronge ik ‘toll, Mirshell Islands

The f1°B) covered apjroxivat, Yy €60 d. '1'»-1,5 ir a horlrortel pl-re
cpd TC degrecs In v v tde 113 e, Fe eclor ves a blend of
pirk and orange. It's irtensity vae comp-1-hle to that of the
rising sun, Dur:ation was about 3 seconds, It started suddenly
and -cradually diuinished, It wus bright envugh to cast a shadow,

Majuru: Rosalie Isle, Mijuro Atoll, Morshall Islands

It presented a fofint pirkdsh glow aleong the harizon, extend lrg
herlzontally 75 to 40 degrees and v~-rt?cally it ««tend-d 10 degrees
It ajpesred to be just u novrow band cofcolor aleng the horizon,

It wis stated that thoy sav a glow, not en Instonlenccus flash,

It hecome Instontly vieible and died slowly, lastirg ~bout

70 cecaquln

Fersonnel at Wake Island stated thet no cne had paid any pnrticul:-r
attenticn to potlng the southsonthwest hori:ocn, )

/A
LO0TE n. nmmm’

Wajor, UCAF




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
IEYRA DAYS at Eniwetok, The figures given have been copied from the
original records submitted by the observers on the U.S.S. ilbemurle,
the U.S.S, Bairoko, the U.S.S. Curtiss, and the U.5.S. Mi, McKinley,

The cbservers on the Albemarle submitted their original theodo~
1lite data in colusns similar to the may that the figures are prosented
in this sppendix. Tro theodolites were used and angles were recorded
for almost every minute, Sketches were made independently of thes the-
odolite obeervations. In the cuses of the other ships, theodolite data
were taken in conjunction with the sketching; and thecdolite angles
were entered directly on the sketches. This latter procedure resulted
in less data for a particular peint, but gave more specific informatiom
about the entire cloud. Where date were entered directly on the sketches
there was less doubt ebout the point in queation, For example, it would
bave been esasy for an observer to sight on the near purt of the plume
which extended from the XRAY DAY cloud and record dulu on the edge of
the plume instead of the highest part of the rimary part of the cloud,
Tith the aiming point clearly marked on ibe sketch, 1t wus easy to
select the correct angles for the top of, end for euch side of tbe
primury mass, Angles for other parts of the clouds have been omitted
from these lists except the elevation and azimuth aniles of the cloud
projection which formed on the ZEFRA DAY cloud. By means of the sketches
it was possible to determine which angles wero for tho top of the primery
mase and which were for the top of the clowd projection. Where the
sketches show that the clouds were being dispersed so that it was diffi-
cult to sight oo the top of the cloud, or detcimine the left or right
side of the primary mess, data are omitted. In the cuse of the YRAY DAY
tloud, the primery mss was more conpact and significant points could be
sighted on for o longer time than in the cesc of the YOKE and ZEEBRA DAY
clouds.

The curves have been drawn for the data submitted the Albemar
with consideration boing given to date from the other l:"ipa. consme]x:
able smoothing of the curves was done as tha large slze of the clouds
and thelr changing shape made it d1fficult to keop the theodolites aimed
at a particular significent point, Also, obeervers on differemt ships
sighted on different, although corresponding, points,

The shapes of the curves for the elevation 108 are determined
by the mte. of rise of ths clouds, the upper \vi::E, mr:h.e:;p’ of
the cloud, Irregularities in the curves after the clouds reached mex-
imm altitude are believed to be the result of changes in the shape of
tho clouds. Thore 1s no indication that the maximum altitude of the
clowds fluctuated after the greatest height was attaived, However, it
1s 1ikely that somc evuporation of the tops of the YOKE and ZEBRA l'l!
clouds vms taking place ot about the end of the first bour, !

dzimuth angle data are significant while the prisery ma
regular share, but mewn very 1ittle after the cloud bocZea ::n:r:dd
aport by vinds from different directions at different sltitudes.

Examination of the points for azismath at ZEERA
clouds shou that separute curves can be dnwn‘nsf:: ;.:c:h:b:ggi;:d.hi
because of the spacing of the ships relative to the cloud., It br
seen that the polnts of the differsnt ships give similar c\lrvel'-inwv
the curve for the Alber.rls is the only ane for which ulquAth’nl ba .’
been preparud. The ro:iitian of the test site relative to the leelnrvlz

hes been murked on these grophs, This of.
of the theodolita. . s offers s check an the orientation

In the following collection of pumerical da nume.
ical values are prosented just before the g;nph bho ::gcm:;,p::ain =

Elevation angle data and graphs are given first and th
loved by azimuth ungle dota and grophs, The order of prese::.:t;; f.:;-
the puge numbers ure showm in the Tulle of Contents on Fage -2



XRAY DAY

Highest Point m&@@votion Angle

Minutes Time Albemarle Ba4roko Curtiss LeKinley Minutes Tixe Albemarle Bairogo Cyrtiss McKinley
0: 00 061700 - - - - 30: 30 064730 24.1
0:30 1730 - - - - 31:00 4800 21.9
1:00 1800 - - - 3.5 3:30 4830 23.7
1:30 1830 - - - - 32:00 4900 23.4
2:00 1900 - - - 11.0 32:30 4930 23.0
2:30 1930 - - - - 33:00 065000 23.5%
3:00 062000 - - - 14,5 33:30 5030 24.8
3:30 2030 15.0 - - - 2,00 £100 24.4 23.1
4:00 2100 18.0 18,0 - - 34:30 5130 23.9
4:30 2130 20,6 - - - 35:00 5200 °  23.6
5:00 2200 21.1 - - 20.0 15:30 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 2%.1 - 23,0 37:30 %430 23.5
7:30 2430 23,8 - - - 38:00 065500 23.5
8:00 062500 24,6 - - 25.5 38:30 5530 - 23.5 22,6
8:30 2530 4.6 - - - 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 21.3
10:00 062700 2.8 - - 25.7 40:30 5730 23.2
10: 3% 21% 25,5 - - - 41:00 5800 3.2
11:00 2800 26.0 - - 25,9 41:30 5830 2.2
11:30 2830 25.6 - - - 42:00 5900 22,1
12:00 2900 25.9 25.9 - 26.0 42:30 5930 22,8
12:30 293% 25.7 - - - 43:00 070000 23.1 !
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 1% 25,1 - - - 45:00 0200 22,1 22.2
15:00 3200 2.8 - - 25.8 45:30 0230 22.1
15:30 »W0 25,0 - - - 46:00 0300 2.
16:00 3300 25.4 - - 25.8 46:30 0330 22,0
16:30 3330 25,0 - - - 47:00 0400 22,0
17:00 4,00 25.4 25.7 - - 47:30 0430 22,0
17:30 330 25,4 - - - 48:00 070500 22.1
18:00 063500 25.3 - - - 48:30 0530 22,)
18:30 353 25.2 - - - 49:00 2.1
19:0% 25.3 - - - 49:30 0630 22,1
19: % 7630 25.2 - - - 50: 00 070700 2.1
20:00 063700 2%.3 - 50:30 0730 22.1
20:30 3730 25.3 - 52:00 0800 22,1
21:00 3800 25,1 - 51:30 0830 22.1
21:3%0 3830 25.3 - 52:00 0900 22.4
22:00 1900 25.3 25,6 52:30 0930 22,1
22:30 3930 25.4 - 53:00 071000 21.8
23:00 064000 23.6 - 53:30 1030 21.5
23:30 4030 u.2 - 54100 1100 21,6
24,:00 4100 24,4 - 54130 1% .
24:% 4130 24.7 - 55:00 1200 .
25:00 4,200 2%.6 - 55: 30 1230
25:30 4230 24.5 - 56100 1300
26:00 4300 2L.3 - 56:30 1330
26130 4130 24,3 - \ 31:00 1400
27:00 4400 24,1 - o 57:30 1430
27:30 3% 1} 2.1 - 58:00 671500
28:00 064500 24.1 24,9 58:30 1530
28:130 4530 24,1 - 59:06 1600
29:00 L0 24.1 - 59:30 Y
29:30 4,630 2.3 - CARVY 1790
30:00 064700 244
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"YOKE DAY g ﬁ
Highest Point — Elevation Angle

Miputes Time Alvemarle Bairoko Curtl se MeKinley Minutes Time Albemnrle Bairoko Curtiss MeKinley
0:00 060900 - - - - 15:00 002400 25,4 - - PPy
0:30 0930 09.4 07.1 - - 15:30 24,% 24.5 - - 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 1100 18.0 16,6 17.2 4.3 17:00 2600 23.1 - -

, . 2:30 1130 20,6 - - 19,2 17:30 2630 23,0 - - -
3:00 1200 21,1 20.95 - 19.2 13:00 2700 22,7 - - -

Y 3:30 1230 22,6 - - 211 18:30 2730 22,0 - - -
4:00 1300 23,0 2.9 2.1 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 24,1 20:00 2900 21,7 - - -
5:30 1430 25.9 - - - 20:30 2930 22,0 - - -
6:00 061500 26,3 - 26 2.7 21:00 063000 21.9 21,9 - -
6:30 1530 26,4 - - 25,0 21:30 30% 22,0 - - -
7:00 1600 26,5 27.8s - 25,5 22:00 063100 21,8 - - -
7:30 1630 27.0 - - 25.8 ! 22:30 3130 22,0 - - -
8100 1700 2.0 - 27.2 25.9 23:00 3200 22,5 - - -
8:30 1730 28.0 - - - 23:30 3230 22.0 - - -
9:00 1800 27,1 20,42 - 25,0 24:00 3300 21.4 - - -
9:30 1830 25.9 - - 2,4 24:30 3330 21,5 - - -
10:00 1900 25,2 - . 23,17 25:00 3400 21.6 - - -
10:30 1930 25,3 - - 23.2 25:30 %30 2344 - - -
11:00 062000 24,1 24.82 - 22,1 26:00 063500 1.1 - - -
u:3 2030 23.9 - - - 26:30 3530 21,2 - - -
12:00 062100 2.8 - 2.4 - 27:00 3600 21,2 - - -
12:30 2130 25.0 - - - 27:30 3630 21,0 - - -
13:00 062200 25.9 - - - 28:00 3700 20.8 - - -
13:30 2230 25.7 - - - 28:30 3130 21.0 - - -
14:00 062300 25.7 - 22.8 - 29:00 3800 20.7 - - -
14:30 27% 25,6 - - - 29:30 383 20.4 - - -

30:00 3900 20.5 - - -

I-12
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Highest Point — Elevation Angle

Minutes  Time Albemarle Bairoko Curtiss ¥cKinley
0:l5 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 2.4 23,1 4.2
4:30 0830 23.9 - - 2.8 i
5:00 0900 24,4 22.9 - 25.4
5:30 0930 4.3 - - 25.5
6:00 061000 24.6 - 2.8 25,7
6:30 1030 24,5 - - 25.9
7:00 1100 24.) 22.7 - 25.9
7:30 1130 24.7 - - 25.7
B:00 1200 2.8 2.4 25,1 2%.7
#:30 1230 25.2 - - 26,7
400 1300 25.8 25,3 = 26.9
9:.30 1330 25.8 - - 27.%
10:00 1400 26,0 - 26,4 27,1
10:30 30 25.7 25.0 - 27.0
11:00 061500 25,6 - - 26,9
11:30 1530 25,3 24.5 - 26.7
12:00 1600 25.2 - - 26,6
12:730 1630 25.0 - - 26.%
13:00 1700 2.4 - - 25,9
13:30 1730 2.1 - - 25,4
14:00 1800 23,7 . - 25.1
1,:30 18% 2.4 - - 2.4
15:00 1900 23,0 - - 24,1

. | AtgenicEnergy:

Act '--_-!*4
: e
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XRAY DAY
D DATA
Atowggﬁqr%?;%&ims

Highest Point — Azimuth Angle

*

Miputes Timm Albemarie Bajroko Curtiss MoeKinley Minutes Time Albemarle Bairoko Curtise McXinley
0:00 061700 - - - - 27:00 K400 014.0 - - -
0:3% 1730 - - - - 27:30 &430 014.0 - - -
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 - - Data 343.0 29:00 4600 o0l5.0 - - -
2:30 1930 - - - - 29:30 4630 015.0 - - -
3:00 062000 - - - 344 0 30:00 064700 015.0 - - -
3:% 2030 - - - - 30:30 473 015.0 - - -
4:00 2100 - 330.7 - - 31:00 4800 014.0 - - -
4% 2130 - - - - 31:30 4830 016.0 - - -
5:00 2200 - - - 345.0 32:00 4500 016.0 - - -
5:30 2230 343.0 - - - 32:3%0 4930 017.0 - - -
6:00 2300 35,0 - - 346.0 33:00 5000 017.0 - - -
6:%0 2330 3%45.0 - - - 33:30 5030 018.0 - - -
7:00 2400 6.0 339.5 - >0 34:00 5100 018.0 o11.1 - -
7:30 2430 6.0 - - - 34:30 5130 018.0 - - -
8:00 2500 344.0 - - 352,0 35:00 5200 018.0 - - -
8:30 25% 6.0 - - - 35:30 5230 019,0 - - -
9:00 2600 %A.0 - - 353.0 36:00 5300 021.0 - - -
9:30 2630 349.0 - - - 36:30 533 | 02,0 - - -
10:00 062700 350.0 - - 353.8 37:00 5400 021.0 - - - i
10:30 2730 351.0 - - - 37:30 54% 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 021,0 - - -
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 - - - 40:30 5730 024.0 - - -
14:00 3100 355.0 - - 002.0 41:00 5800 023.0 - P -
14:30 1% 358.0 - - - 41:30 5830 024.0 - - -
15:00 3200 3s58.0 - - 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 - - -
16:30 333 359.0 - - - 43:30 0030 027.0 - - -
17:00 34,00 359.0 356.7 - - 44,:00 0100 027.0 - - -
17:30 0 260.0 - - - 44:30 0130 026,0 - - -
18:00 063500 357.0 - - - L5:00 0200 026.0 033.0 - -
18:30 3520 360.0 - - - 45:30 0230 027.0 - - -
19:00 3600 360.0 - - - 46100 030 027,0 - - -
19:30 3630 003.0 - - - 46130 0330 027,0 - - -
20:00 063700 003.0 - - - 47:00 0400 028,0 - - -
20:30 730 005.0 - - - 47:3%0 0430 028,0 - - -
21:00 3800 007.0 - - - 48:00 070500 029.0 - - -
21:30 830 007.0 - - - 48:30 0530 029.0 - - -
22:00 3900 008.0 257.4 - - 49:00 0600 029.0 - - -
22:30 ¥% 008,0 - - - 49:30 0630 09,0 - - -
23:00 064000 009.0 - - - 50:00 070700 030,0 - - -
23:30 4030 009.0 - - - 50:30 0730 031.0 - - -
24100 4100 009.0 - - - 51:00 0800 031,0 - - -
24:30 4130 009.,0 - - - 51:30 0830 030.0 - - -
25:00 4200 010.0 - - - 52:00 0900 030.0 - o) -
25:30 4230 011.0 - - - 52:30 0930 031,0 - - -
26:00 4300 012.0 - - - $3:00 071000 031.0 - - - ~
26:3 4330 013.0 - - - 53:30 1030 03t.0 - - -

54:00 1100 029,0 - - -
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OKE DAY
| Highest Point — Azimuth Angle

Kinutes Time Albemarle Bairoko Curtiss McKinle Minutes Time Albemarls Bairoko Curtise MoXipley
0:00 060900 - - v - 15:30 2430 012.0 - - -
0:30 0930 350,0 359.5 - - 16:00 062500 011.0 o11.4 011,0 -
1:00 061000 352.0 - - - 16:30 2530 on.o - - -
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 2% 030,0 - - -
3:30 1230 357.0 - - - 19:00 2800 on.o - - -
4:00 1300 357.0 - 357.0 - 19:30 283 010,0 - - - i
4:30 1330 358.0 - - - 20:00 2900 010.0 - 019.0 -
5:00 1400 359.0 - - - 20:30 2930 011.0 - - -
5:30 1430 360.0 - - - 21:00 063000 012,0 016.5 - -
6:00 061500 360.0 - 007.0 - 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 o11,0 - - -
7:30 1630 004 .0 - - - 23:00 3200 . 012.0 - - -
8:00 1700 007.0 - 014.0 - 23:0 32% 012,0 - - -
8:30 1730 006.0 - - - 24:00 3300 010.0 017.0 018.0 -
9:00 1800 007.0 006.9 - - 24:30 333 012.0 - - -
9:30 1830 010.0 - - - 25:00 %00 0L4.0 - - -

10:00 1900 009.0 - 015.0 - 25:10 34,30 013.0 - - -
10:30 1930 012.0 - - - 26:00 063500 014,0 - 010.0 =
11:00 062000 012,0 006.2 - - 26:30 3530 013.0 - - -
11:30 2030 013.0 - e - 27:00 3600 OL..0 019.2 - -
12:30 2130 008,0 - - - 27:30 36% 0L4,0 - - -
13:00 062200 007.0 - - ° 28:00 3700 0140 - 011.0 -
13:30 223 008,0 - - - 28:30 373 014.0 - - -
14:00 062300 010.0 - 022.0 - 29:00 3800 014,.0 - - -
14:30 23% 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 Curtiss MoKinley
0:15 060415 005 - - -
0:30 0430 006 010.7 - -
1:00 060500 004, - - -
1:30 0530 003 011.5 - -
2:00 0600 004 01,9 004.0 -
2:30 0630 005 - - -
3:00 0700 006 - - -
3:30 o730 005 - - -

. 4:00 0800 006 013.0 009.0 -
4:% 08% 006 - - -
5:00 0900 006 015.0 - - i
5:30 093% 010 - - -
6:00 061000 011 - 007.0 -
6:30 1030 o011 018.9 - -
7:00 1100 010 017.0 - -
7130 1130 010 - - -
8:00 1200 - 016.7 ou.o -
8:30 1230 - - = -
9:00 1300 - 018,6 - -
9330 1330 - - - -

10:00 1400 - - 0i4.0 -
10:30 130 - 22,0 - -
11:00 061500 - - - -
11:30 1530 - 026, 6 - -
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) | Left Side of Primary Portion — Azimuth Angle

Y

Minutes Time Albemarle Bairoko Curtiss McKinley Miputes Time Albenarle ‘Beirko Curties McKinley
0:00 061700 - - - - 27:30 4430 350.0 - - -
0:30 1730 - - - - 28:00 064,500 348.5 43,3 - -
1:00 1800 - - - - 28:30 4530 349.6 - - -
1:30 1830 - - - - 29:00 4,600 %8,0 - - -
2:00 1900 - - - - 29:30 4630 350.4 - - -
2:% 1930 3.5 - - - 30:00 064700 31,5 - - -
3:00 062000 - - - - 30:30 473% 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 - - -
5:30 230 335.5 - - - 33:00 5000 351.4 - - 143.2
6:00 2300 336.0 - - - 33:30 5030 351,0 - - -
6:30 2330 - - - - 3 :00 5100 351.9 %8,1 - -
7:00 2400 339.5 - - - 3,:30 5130 352,5 - - .
7:30 24,30 - - - - 35:00 5200 352,0 - - ie
8:00 2500 335.5 - - 344.0 35:30 5230 3528 - - -
8:30 2530 - - - n 36:00 5300 354,,0 - - -
9:00 342.0 - - 3%6.0 36:30 5330 353.5 - - -
9:%0 26% - - - - 37:00 5400 354.0 - - -
10:00 062700 336.5 - - 345.0 37:30 5430 354.1 - - -
10:30 2730 1.2 - - - 38:00 5500 354.5 - - -
11:00 2800 339.5 - - 345.4 38:30 55% 35.3 349.3 - -
11:30 28%0 339.7 - - - 39:00 5600 354.,2 - - _
12:00 2900 339.5 - - 6.5 39:30 5630 355.1 - - -
12:%0 2930 338.5 - - - 40:00 065700 356,3 - - -
13:00 063000 340.7 - - 2%6.9 40:30 57% 356.6 - - N
13:30 3030 339.2 - - - 41:00 5800 355.8 - - _
14:00 3100 339.0 - - 346.1 41:30 583% 356.0 - - -
14:30 3130 339.8 - - ot 42:00 5900 355.9 - - -
15:00 3200 340, 5 - - 7.3 42:30 5930 356.8 - . -
15:30 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 359.7 - - -
17:00 3400 344.0 340.5 - - 44:30 0130 000.6 - - N
17:30 3430 8.8 - - - 45:00 0200 359.5 - - .
18:00 063500 - - - - 45:30 0230 002.7 - . -
18:30 3530 - - - - 46:00 0300 001,8 - .

19:00 3600 344.0 - - - 46:30 0330 000, 3 - _ -
19:30 3630 U7.5 - - - 47:00 0400 00).2 - . i
20:00 063700 346.0 - 343.0 - % 0430 001.5 - - -
20:30 3730 347.0 - < = 48:00 070500 000,4 - . -
21:00 3800 347.3 - - - 48:30 0530 359.3 - w '
21:30 3830 %7.7 - - - 49:00 0600 001.8 - - -
22:00° 3900 349.4 1.1 - - 49:30 0630 002.8 - _ -
22:3%0 3930 3%0.3 - - - 50:00 070700 002,6 - . -
23:00 064000 348.0 - - - 50:30 07130 003.8 - . -
23:30 4030 349.4 - c - 51:00 0900 004.3 - - -
24,:00 4100 351.8 - 357.0 - 51:30 0830 007.7 - - -
24:30 4130 351.0 - - - 52:00 (900 010.6 - ~ -
25:00 4200 38,2 - - - 52:30 0930 011,0 - C -
25:30 4230 8.8 - - - §3:00 07}0;‘2 007.8 - - -
. 351.3 - - 53:30 0 007,0 . -
%2:3% ’i%oag 352.8 - - - 54,:00 1100 005.8 - . -
27:00 44,00 354.5 - - - =
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XRAY DAY o

v mis’

Right Side of Primary Portion — Azimuth Angle

Minutes Time Albsmarly Bajroko Curtise McKinley Minutes Tire Albemnrle Bajroko Curtips McKinley
0:00 061700 - - . - 26:00 4300 012.7 - - -
0:30 1730 - - - - 26:30 433 o0i.l - - -
1:00 1800 - - - - 27:00 4400 013.8 - - -
1:30 1830 - - - - 27:30 4430 014.0 - - -
2:00 1900 - - - - 28:00 064 500 013.3 009.6 010.3 -
2:30 1930 341.0 - - - 28:30 4530 0L4,5 - - -
3:00 062000 - - - - 29:00 4600 015.0 T - - -
3:30 2030 - - - - 29:30 4630 015.2 - - -
4:00 2100 - - - - 0:00 064700 014.7 - - _
4:30 2130 - - - - 30:30 4730 015,2 - - -
5:00 2200 - - - - 31:00 4800 015.0 - - -
5:30 2% 43,2 - - - 31:30 4830 016.5 - - -
6:00 2300 5.5 - - - 32:00 4900 016.8 - - -
6:30 23% - - - - 32:30 4930 016,7 - - -
7:00 2400 6.3 - - - 33:00 5000 018,2 - - 016.0
7:30 2430 - - - - 33:30 503 018.4 - - i -
8:00 2500 347.0 - - 352.0 34:00 5100 018,6 - - 018.1
8:30 2530 - - - - 34:30 5130 018.4 - - -
9:00 2600 38,2 - - »3.0 35:00 5200 019.6 - - -
9:30 263 - - - - 35:30 5230 020,2 - - -
10:00 062700 349.7 - - 333.8 36:00 5300 021.7 - - -
10:30 27% 351.8 - - - 36:30 5330 021,3 = - -
11:00 2800 3s51.0 - - 3544 37:10 5400 022.5 - - -
11:30 2830 352.8 - - - 37:30 5430 023.2 - - -
12:00 2900 354.5 - - ¥56.4 38:00 5500 022,4 - - -
12:30 2930 356.5 - - - 38:30 5530 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 Jloc 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 5900 027.0 - - -
16:30 333 001,0 - - - 42:30 5930 027.4 - - -
17:00 34,00 002,% 002.1 - - 43:00 070000 a28,0 - - -
17:30 U3 002.5 - - = 43:30 0030 028,1 - - -
18:00 063500 - - - - 44:00 0lo0 028.2 - - -
18:30 3530 - - - - Wi 0130 028,3 - - -
19:00 004,0 - - - 45:00 0200 028.8 - - -
19:30 3630 005.0 - = = 45:30 0230 029.3 - - -
20:00 063700 003.5 - - b 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 - - -
21:3% 3830 008,5 - - - 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 - - -
23:00 064,000 009.3 - - - 49:00 0600 033,0 - - -
23:30 4030 011.5 - - - 49:30 0630 033.0 - - - N
24:00 4100 011.0 - - - 50:00 070700 033.9 - - -
24:%0 - - - 50:30 0730 034.4 - - -
25:00 - N - 51:00 0800 034.4 s - - -
25:30 - = b 51:30 0830 035.5 - - -

. 52:00 0900 036.0 - - -
52:30 0930 035.7 - - -
53:00 071000 036,3 - - -
53:30 1030 035.2 - - -
54:00 1100 033.8 - - -
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Left Side of Primary Portion — Azimuth Angle

Miputes Time Albemarle Bajiroko Curties McKinley Minutes Time Albemarile Bairoko Curtiss McKinley
0:00 060900 - - - - 15:00 2400 007.7 - - -
0:30 0130 349.0 354.0 - 350.0 15:%0 2430 008.0 - - - .
1:00 061000 349.0 - - %9.0 16:00 062500 008,2 002.0 352.0 -
1:30 1030 351.0 - - - 16:30 2530 007.9 - - -
2:00 1100 352.0 353.5 352.0 351.0 17:00 2600 010.5 - - 352,0
2:30 » 113 351.0 - - - 17:30 2630 009.5 - - -
3:00 1200 9.0 353.5 - 350.0 18:00 2700 - 009.0 - - 353.0
3:30 1230 353.0 - - - 18:30 2730 009.0 - - - i
4:00 1300 351.0 352.6 346.0 350.0 19:00 2800 010.0 - - -
4:30 1330 351.0 - - - 19:30 2830 008.3 - - -
£:00 1400 357.5 354.0 - 350.0 20:00 2900 010.0 - 356.0 357.0
5:30 1430 355.5 - - - 20:%0 2630 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 00,2 - 358.0 359.0
7:30 1630 353.0 - - - 22:30 3130 010.2 - - -
8:00 1700 355.0 - 49.0 352.0 23:00 3200 010.5 - - 159.0
8:30 1730 354.4 - - - 23:30 3230 011.0 - - -
9:00 1800 356.0 358.8 - 352.0 2,:00 3300 009.5 359.0 - 358.0
9:30 1830 357.3 - - - 25:00 300 on.b - - 358.0
10:00 1900 356.2 - - 353.% 25:3% 34,30 o12.8 - - -
10:30 1930 358.0 - - - 26:00 063500 012,0 - 014.0 358,0

11:00 082000 338.3 360.0 - 356.0 46:30 3520 013.0 - - -
11:30 2030 359.2 - - - 27:00 3600 013.5 009. 6 - 357.0
12:00 2100 005.5 - 346.0 LS 27:30 330 013,4 - - -
12:%0 2130 006, 5 - - - 28:00 3700 012.3 - - 355.0
13:00 062200 006.9 359.% - 357.0 28:30 3730 011.5 - - -
13:30 2230 007.1 - - - 29:00 3800 12,5 - - 7.0
14:00 062300 06,3 - - 354.0 29:30 3830 013,0 - - -
14:30 2320 008.0 - - - 30:00 3900 013, 013.0 - -
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)KE DAY B
| Right Side of Primor);"Portion—Azimmh Angle

Afemic-Energy Act~~1946

Miputes Tims  Albemarle  Bairoko  Curtiss  McKinley ¥inupes Time  Albemarle  Bajroko  Curtiss  McKinley
0:00 060900 - - - - 15:30 2,30 020.4 - - -
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 - 018,0 017,58
3:00 1200 358.0 002.0 - 356.0 18:30 2730 019.0 - - .
1:30 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 13% 360.0 - - - 20:00 2900 020.5 - a20,0 019.0
5:00 1400 ' 003.4 004.0 - 360.0 20:30 230 020,5 - - -
5:30 1430 005,0 - - - 21:00 063000 o21,.4 020,13 - 019.0 i
6:00 061500 006.0 - 002,0 002,0 21:30 3030 025,9 - - -
6:30 1530 007,3 - - - 22:00 063100 022,5 - 021,0 019,5
7:00 1600 010,3 010.0 - 004.0 22:30 3130 022,2 - - -
7:30 16% 007.8 - - - 23:00 200 023.4 - - 020,0
8:00 1700 ol1,5 - 004.0 006.9Q 23:30 230 023,0 - - -
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 33% 023.5 - 0230 -
9:30 1830 014,0 - - - 25:00 34,00 024.2 - - 021,2
10:00 1900 013.7 - 006,0 009.0 25:30 3430 024.5 - . -
10:30 1930 0l4.5 - - - 26:00 063500 023.7 - 024,0 022.0
11:00 062000 015.4 0L4.0 - 010.0 26:30 3530 025.0 - - .
11:30 2030 020.0 - - - 27:00 3600 028, . -

12:00 062100 018.7 - 006.0 012.5 27:30 3630 ozé.g 021-. ¢ - ozf.;
12:30 2130 018.5 - - n 28:00 00 031.0 -

13:00 062200 oxg.l 017.% - 013.0 28:30 ;;;o 039.2 - ozf.o mf'o
13:30 2230 018.3 - - - 100 800 026, -

14:00 062300 019.3 - 012.0 014.0 3;30 ;830 ozs.g - - 0240
14:30 23% 020.0 - - < ] 027. .

1eio0 062200 o100 - - 015.0 30:00 3900 7.8 025.7 032,0 -
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ZEBRA DAY

Left Side of Primary Portion — Azimuth Angle

Minutes Time Albepnrle Bairoko Curtiss McKinley Wnutes Time Albemarle Bairoko Curtise 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 16:30 2030 017.7 - - -
2:00 0600 359.8 006.5 009.0 357.0 17:00 2100 017.3 - - -
2:30 0630, 359.9 - - - 17:30 213 018.0 - - -
3:00 0700 359.7 004.5 - 357.0 18:00 2200 018.0 - - -
3:30 0730 359.8 - - - 18: 30 2230 019.0 - - - i
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 001.8 - - - 20:30 2,30 021.0 - - N
6:00 1000 001,1 - - 359.2 21:00 2500 021.0 - - -
6:30 1030 002.0 006.0 - - 21:30 253 020.8 - - -
7:00 1100 002.9 007.0 - 000.5 22:00 2600 021.,9 - - -
7:30 1130 002.9 - - - 22:30 2630 020.2 - - .-
8:00 1200 005.7 008.0 - 003.2 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 - - - 24:30 830 022.4 - - .
10:00 061400 008.5 - - 006.0 25:00 062900 023.2 - - -
10:30 1430 010.5 - - - 25:%0 29% 024,0 - - -
11:00 1500 011.0 - - 008.0 26:00 3000 023.8 - - -
11:30 1530 011.0 w8.o - - 26:30 3030 023.8 - - _
12:00 1600 013.8 - - 008.0 27:00 3100 024.2 - - -
12:30 1630 012,4 - - - 27:30 3130 024.0 - - -
13:00 1700 013.2 009.0 - - 28: 00 3200 025.4 - - -
13:30 1730 015.9 - - - 28:30 230 - - - -
14:00 1800 016.2 - - - 29:00 3300 025.3 - - -
14:30 1830 016.3 - - - 29:30 331 - - - -
15:00 061900 016.5 - - - 30:00 2400 025.8 - - N
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Right Side of Primary Portion — Azimuth Angle

kinutes Time Albemarle Bajroko Curtiss McKinley ilnutes Cime Albemarle Heiroko Curt 1as McKinley
0:30 0604 30 009.2 - - 001.0 15:30 1930 029.0 - - -
1:00 00,0500 007.8 - - 001.0 . 16:00 062000 029.8 03%.0 - 025.0
1:30 0570 007.4 009.0 - 0040 16:30 2030 031.1 - - :
2100 060y 008, 4 009.5 017.0 - 17:00 2100 029.7 ~ - 027.5
2:% 0630 008.8 - - - 17:30 2130 031.4 036.0 - -
3:00 0700 o0l0.2 ~- 013.5 - 005.0 18:00 2200 032.3 - - 028.5
3:70 0730 010.3 - - - 18: %0 2230 032.3 - - - |
4:00 0800 012,0 - 00L.0 006.8 19:00 2300 033.8 - - 030.0
4:30 0830 013.1 - - - 19:30 2330 034.2 039.5 - -
5:0¢ 00 015.8 017.0 - 008.0 20:00 22,00 03,5 - - 030.0
5:30 0930 015.3 . - N 20:130 24,30 035.1 - - -
6:00 001000 014.5 - 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 1130 016,2 - - - 22:30 2630 036.0 - - -
8:00 1200 017.6 021.0 014.0 012.6 23:00 2700 €36.9 045.0 - -
8:30 1230 019.0 - - - 23:30 2730 037.0 - - -
9:00 1300 020,0 - - 015<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>