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*subsided, ‘continued development.of .the tosus ring structure of the cloud:has forced. 2
‘the bulk of the:bomb matesial:lnto the stratosphere. - - | :

,‘\

! ABSTRACT AND -CONCLUSIONS

Witk Rcspect ‘20 Wcaxher in. the. Jlarsball ]slands. )
1. . The: bcbav!or of the- fropical’almmphen it*litfh’vwhr:twd by the. pro{esslonal ool
-mehorclogl:f ‘and" i‘herefan‘ ‘not surprisingly, ‘by-the mafority of military and-civilian

staff officers at -all levels. 'Seesonal variability -of the ~i-;porf.cu.f'weaiher"clomunh ‘
‘does ‘not conform o the ‘calendar. ‘Gasval 'sft'#fsﬂcul'analysh ‘of available weather{ gr4 /M.

M . -
wecords ‘Jead ynore ‘often ‘than 'nqt'fo-enoneous»opuoﬂdnal'couclusiduz‘) 7)
(Pagés 1+-'9) . P

2. ‘Operational ‘weatherrequirements thave 'been Imposedin overseas test oferations
‘which:areinherently iriconsistent, almost:mutvally:exclusive; :and-capable of reali-

¢

zation only-for:short periods-separated:by:lang -intetvals. *
(Pages:8-and-9)

‘With. :Respect o the ‘Dyuamics of ‘Bomb -Clowds:
1. :The'bomb:clouvd-Is'not:a'disosderly mixing of envirénmental .alr-in the woke-of .a .
bubble:of heated gas, :but Js‘pon‘oﬂa-loglcal-anJ~orJoleJ'moflon ‘forming-a-complete ’

systen. (Pages 10 13) O
2. lf is-entirely possible:that.o-high yield detonation:can *trigger’’:a self-sustaining WK”Q
circulation-which will deﬂve Its-energy- ﬂ:rough the condensation process. )’L ‘d/{’d/‘:;ﬂ}
) (Page 13) ° ,v;l,r";'ﬁa-\ ’_)'

1%

3. ‘Analysls of. bomb :cloud:dynamics points-to-the reason for the" Inadequacy of pre{l:u
‘fechniques -Ta:high yleld-clovd:sampling:-during-the early-stage of cloud:fosmation, much
:bomb :material'is=available‘aftlowur:al!ifud;s, but:severe turbulence forms an:insure

mountable obsiacle to-the use:of-manned:aircsaft, .at:later states, :when tusbulence:has

[ 4

.(Pages 14-and 15).
With Respect ‘to Evideuce. From .Egi:YieM-.Demwtious:
1. ‘Both MIKE .and-KING .prodiced clovds which- closoly followed the torus ring model.

Bofh demonstrated .marked streamline ond: condonsuhon effects.

{Pages 17. 19 .and 20)

.2. The detonation .of MIKE .dnd:KING lnducod’;:’w;facu!ar fﬂ’widespread ecfhar! d ;

<hanges:which pe:sisted:for several hours. - .

: (Pages 19.and. 21)
3. Any.compatison.of bomb yield to .ﬁ:e.enatgy.hber‘;dg.;:'troplcul storm .Is:noi.an

issue. The.bomb, .by.establishing:.a.definite:vestical .and horizontal .circulation, .

triggers®’ the .atmosphetre..and:the .enetgy:liberated .through .the.condensation .process

.dwasfs:that originally:.released:by:the :bomb itself.
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Fith Respect to Low Yield Detonationss - _
1. Analysis .of smoke-puff .photographs “from the Tumbler No. 3 ‘test :demonstrates

:thet-e-neas-idealized torus ring elrculation Is established:with:.relatively:low bomb ylelds.
- (Section IV) © o+t A~ U ,LWJL.. s b

Pith Respect to.. Cettain- Opeiatiosal :Problems:
1. Present sampling technigues for hlgh ylald devices are not adcquah for the reason

.that:the:budk.of the .bomb .debris iIs: Jeposltod In-the stratosphere:beyond.the:altitude capa-

.bifity .of p:esently. available .alrcraft. -
(Sections .l .and .1I1) .

2. The.dimensions .and structure.of .the .bomb cloud.formed.by.fhe.deionafion.of.hlgh yleld

weapons.introduce several se:lous operational .conside:ations bearing on the delivery

problem, Among these .are:
.a. Extieme .turbulence.within.the .bomb cloud.which would probably .preclude .aircraft

* operation.below the stiafosphe:e in.the same.atec for.a considerable time following detona-

tion, .even If the factor of rodiological .contamination iIs lgnond

(Page 22)
.b. Assuming.delivery.to.a.location in the high.latitudes wlfh .a.low stratosphere, such-
.as Russia.duting.wintet, the size .and thickness of the generated cloud .would p:obably .pro-

duce a lorge obscuted.area on.the .radar scope of.any.following alrcraft engaged In.the

destruction of the same.or.an.adjacent fazget. .
. (Page .23) W
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1. WEATHER OVER THE.MARSHALL .ISLANDS - r,‘
E:J 1, ’Wes’” .and "’Dry”’ Seasons: . 'L&M :
=3 Our knowledge of weather -ond -wind in the Central Paclﬂc 1s still surprlsfng’y
,f:: meager. - The .région ‘lies far from .the chief trade .routes of .the Pacific, so that.
.2,_:'3 we do .not possess the abundance of marine records, dating .bock to the days of
e the full-rigged ship, that give us so much information on susface conditions in
E‘:é higher oceanic latitudes and along the coasts of Asia and America. In spite of
£z Iong occupation, first by Germany, then Japan, .and in spite of the location of
. ed Forces, the Marshall Islands -are Z.

recent weapon fests by the United St
omong the least known, from @ meteorological point of view, of the archipelagos

The reason ligs portly .in the short observational record,

i

of the Central . Pacific.
but ‘more importantly, perhaps, in certain preconceived ideas, held alike by many

professional meteorologists and by. operational commanders octing on their advice,

that have fended to obscure the issves.
Htsf;rlca”y, explorers, soldiers, sailors, ond sclentists of the Atlantic com-

munity first learned about tropical wecther In, and in the neighborhood of, the -

great continents: Asia, America, and Africa. With few exceptions the torrid parts

of these regions are subject to pronounced seasonal variation in wind and weather.

In some regions the seasons are spoken of as ‘monsoons, in others, as the wet

and dry seasons. At all events, the tendency of rainfall in these places, to be
ossociated with a specific wind direction ond to occur mostly in one seoson of the

year, has been known to laymen for centuries. The peoples of high latitudes in
Europe and America have found nothing surprising in this: living also on continents,
have been used fo far greater secsonal extremes, particularly in temperature,

g , they

w \‘\‘ , -than ony found in monsoon countries. So there has grown up, in the minds of
¢ \ both scientists and laymen, .the expectation that goll tropical regions, even those far
r- from any large lond mass, display well-marked seasonal variations in wind and

. . weather,

In the Central Pacific, especially east of the 180th meridian, it is very dif

ficult to find, in the data that we have so far, very reliable traces of this supposed

“universal seasonal variation. There is o great variability in weather, it is true,
In foct,

to occur with little relation to the time of the year.

.but this seems
 the region overlapping the equator and about the longitides of the Hawagiian

Islands is o zone with probably the most highly variable rainfall on the whole
lying os they do closer to Australic than the ™

o f
2.7

) 4
By socow s fé?w'f/ 27 %/ﬁf»f_.
L . R Q)

T‘lglobe. The Marshall' Islands,
“Central Pocific atolls, come remotely upder the influence of that continent

But

and consequently show seme secosonal -variation in ‘clovd and rainfall
this is overshodowed by o greater’ aperiodic varicbility of the type found in the

Central Pacific.- In the southerm Morsha";' this aperiodic type of variation extends
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g‘voa to the winds. For exomple, ot Ocean Island, south of the Marshalls, west

winds sometimes replace the more vsval -east winds for ‘several days. ‘but ‘the

‘change Is only ‘slightly ‘connected ‘with ‘season and ‘it ‘Is ‘Incalculcble ‘In ‘its ‘ec- .
‘currence. from year to_year, Since .1900 there ‘have ‘been years ‘In--which ‘wester-

lies prevailed at Ocean ‘Islond on ‘as few ‘as ‘2 dnd -as ‘many -as 167 days. One

‘could ‘not, In other :words, count on :the :secsonal ‘occurrence of ‘west ‘winds et ..

that -Island :in ‘any one yéar, ‘nor plan iany ‘military -operation ‘there op 'a ‘statistical

presumption,

2, Three Typical Weother Situations:

In the oceanic tropics, as -in ‘high latitudes, cloud systems -have been found

assoclated with specific types of wind systems. However, the connection between

the .wind systems .and the clouds -Is ‘much -more obsgure .and requires for Its dis- .

covery more detalled resedrch. At “first sight -the -surface. wind In the ‘Marshall

Islands, par}chlarly In ‘the north ‘near Bikinl ‘and ‘Eniwetok, appears to -underge ‘very

minor ‘varlations, ‘whereas ‘the -clouds ‘may ‘change ‘greatly ‘In form, -amovnt :and ‘helght

-from :day-'te -day. ' ‘Nevertheless, recent ‘research, based on 'high ‘level observations
‘token during ‘the ‘serles of -atomic ‘tests ‘between 1946 and 1952, ‘has ‘revesled that
‘the ‘cloud Is ‘correlated. with ‘major ‘wind :sysloml" and ‘thot ‘the general ‘weathpr sltua- .
tigns ‘from day ‘to day foll Into three ‘faltly well-marked ‘classes.

MAY,
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1. 1500 F{ Trade Bituation
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I. 30.000" Trade Situation

The first weather situation may be called the *'trade’ situation. Over the

Marshall Islands, . north of 5° N, east-north-eost 'to northeast ‘winds prevail in the
lower levels of the atmosphere; ‘the ‘wind ‘speeds range -between 5 -and 10 knots from
the -equator -to 10° N, Increasing ‘to ‘as much -as 20 knots in the region -between
Eniwetok -and Wake.. Small -amounts -of -cumulus -clouds (usvally -cbout 5/10 coverage)
are found in -this -current -and ‘the clouds -do ‘not -extend much -above 8 000 feet ‘in
the north nor above 12,000 feet in the southern Ma:shalls. Rain sometimes falls
from some of these clouds, parficularly -In the south, but it is" usually in the form

of light showers. No extensive middle or -upper cloud -decks -are found. Although

the lower winds -are northeasterly -and quite -fresh, as one -ascends in the atmos-
phere over the northern Marshalls, one -finds ‘that -the ‘winds ‘tutn more -westerly -with
elevation, until-at-about 20,000 -feet -they -lie between -northwest -and southwest. The
westerlies then extend-upwards-to -the tropopause, increasing in speed -to -gbout 35
knots -at 45,000 feet. If the -vpper -winds -in -the -region -should ‘be mainly south-

‘wesfterly, -rain-from-the-trade -cumulus -is -likely -ond the .amount of -cloud may increase

from time to time ‘to -as much -as 8/10.. On -the other -hand, -if -the -upper ‘winds -are

chiefly northwesterly in direction,, cumulus cloud may deciease-to -as :little .as 2 or

3/10 and showers are less likely. The variation between northwest and sovthwest is

——
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‘to ‘ond fro ocross the northern Marshalls. .

controlled. by an upper level pressure trough which tends to be located during
trade weather just west of Eniwetok. The difficulties of forecasting variations

‘In trade weather, then, are associated with small movements of the trough line

The second ‘type of weather sitvation ‘Is very -easily confused with ‘the
first. . especially if an adequate upper alr observational network is not estoblished.

In the lower atmosphere the winds are, -as in the trade situation between east-

north-east and northeast. However, the fluctuations in speed. In time, and spoce

may be quite large and the winds do not vary latitudinally in the regular manner

that is typical of the trodes. For a period of two or three days, for example,

although the winds remain in the northeast, aclmost the entire Marshall Islonds may

show wind speeds Iéss than 10 knots. The cloud cover, instead of being recorded

as 5/10 trade cumulus may consist over most of the area of only 2 to 4/10 of

small cumulus below 4.000 feet. Hete and there, a more or less stationary line

of large cumulo-nimbus with heavy showers, or on occosion thunderstorms, may be
The greatest difference,

A

observed from afcraft or lie across individuval atolls.
however, lies not in the lower clovd but In the middle and upper regions.
very exfensive sheet of -alto-stratus breaking here and there to alto-cumulus will

blanket the southern Marshalls and extend from time to ftime to the Eniwetok -

Bikini area. From this sheet, wherever it -is thick. will fall o continvous and

often heavy rain. Cirrus clovd is much more extensive than normal and in the

south may form continuous overcasts lying cbove and  sometimes fusing with the

alto-stratus decks. Cloud and weather maoke aircraft operations ‘above 20.000 feet

difficult and occasionally hozardous.

.p-.__/

II. 1500 Ft Eniwetok Winds Under Cold Low Aloft

-od-
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II. 30,000 Ft Cold Low Aloft

0o
T

The differente between this sitvation and trade weather, as far as winds are con-
cerned, is most marked in the atmosphere cbove 30.000 feet. The lower easte:lies turn
as before to westerlies, but these westerlies are stronger and form pa:t of o very large
cyclonic citculation which lies more or less stationary between Eniwetok - Bikini and
Wake Island. ‘The circulatory system is known as an upper level tropical cyclone. Winds
as high as 100 knots at 45,000 feet have been repo:ted over the northern Marshalls during
such situations. Once established, on upper level cyclone may remain in_sitv for 10
days before moving out into higher latitudes. Even though there may be temporary clear-
agce far o0 day or two at some stations, the weather iethains generally unsettlied as long
as the cyclone lies between Eniwetok and Woke. There may be 0 very general deteriora-
tion In the weather as the stationary cyclonic circulation Intensifies and reaches .lower
.and lower levels. Following the movement of the upper level cyclone into.higher
latitudes, the trade .situation will become re-estcblished; this re>establishment . is often
.accomponied.by.a sudden and dramatic.imp:ovement.in the weathers..

The thisd type of sitvation.is.charactesized.by winds In the lower atmosphere which

fluctuate .between northeast .and southeast in .the nosthesn Marshalls .ond .between.

5-
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The easterly ‘winds extend to great heights,

east and west in the southern Marshalls.
Fluctuations in the east-

reaching .in ~some -instances from the surface to 60,000 feet.
erlies are due to the passage of atmospheric waves traveling from .east fo west at
Thus the eastern Marshalls are affected by the wind shifts - .

approximately 12 knots.
Some of these. waves become fransformed into cyclonic .

before the western Marshalls. .

circulations which show up on wind maps as vortices -or eddies, ‘similar, though on -a

larger .scale, to the eddies seen on .the surfoce of rivers., The transformation from

wave into vortex occurs first in the lower atmosphere aond .grodually extends upward,

in contrast with the situation previously described,” where the cyclones have their ori-
In general, bad weather is associated with the west-south-

gin in the high atmosphere. ,
This is also

west and southeast winds accompanying the rear portions of the vortex. .
trve of the waves from which the vortices originate.  The worst weather is associated

with the southeast winds., There is o tendency for this weaother to occur in the form

of long lines of cumulo-nimbus cloud, bearing striking resemblonce to the cold fronts of
high latitudes, but they are more numerous than the latter within aon equivdent area.

Mony vortices are quite weak, that is to soy, maximum wind speeds, usvally found in

the southeasterlies, do not exceed 30 knots. K But there is always a likelihood of a

vortex intensifying suddenly to become a typhoon. The best known examples are the

typhoons “‘Georgia™ and “'Joan'' which intensified over the Marshall Islands during

Operation Greenhouse. . Though typhoons are small in area in these longitudes, they

can be extremely violent and ca cause as much damage os the great typhoons .of the

western Pocific., The damage is more restricted in area, usvally being confined to one

or more atolls unfortunate enough to lie directly in the track of the storm

|
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. 30,0000 Ft Warm Core Low Aloft

/ | : ,

A vortex that is intensifying affects the winds up to 40,000 feet and above, am} if
a vortex should happen to form south of Majuro ond move to a position south of Eniwetok
while intensifying, -very bad weather accompmied by cumulo-nimbus and extensive decks of
alto-stratus and cirro-stratus clouds may be expected in the test area. Several examples
of this situation occurred during Operation Ivy., A good rule of thunb states that the
right semi-circle of the storm is the most dangerous, both for air and sea transportation
and for the fixed installations.  Bikini and Eniweiok are situated just north of the usval

summer tracks for the vortices, so that test operafions 'in the period Aogust to October

are subject to haxzard.

As mentioned earlier, there is @ slight seasonal f}ndenc! ‘in the weather of the
Marshall Islands ond this we are now in a position to evaluate. The three classes of
weather situations can occur in any one month of the year and any one may svcceed any

other. . However, the low level cyclone situation tends to be more frequent between the

months of July and November than during the rest of the year . ( ‘Georgia” was on ex-
ception that shows how unrelioble this rule is.) Similarly, the trode situation, while it
can occur at any fime of the year, Is to be expected more frequently during winter months.

- January, February, and March are probably the months of greatest expectation., The upper -




. T .
b h-;}"! out middle or upper clovd would prevail over an area including Kwajalein and Eniwetok.

. -

“Jgvel cyclone situation cppeors to have little, if any, dependence on ‘season., -Because of
its persistence -(up to 10 days), it must always be taken into account in planning any
operation in the .northern Marshalls, . Thus, although Operation :lvy was planned for the
fall when low level cyclones .were expected, the last part of October was dominated by~

high level cyclones and one time it appeareJ as if this weather sitoation would -seriously

[N

bamper the plans of Task Force 132.
3., Meteorological Incompatability in Relation to Weapon Testing
It -is probably safe in planning future weapon tests in the Marshall Islonds to assume

that each of the three situations described In the previous section will occur at least
once during a period longer than one month . As already stated, there will be a tendency
for low level cyclones to be more frequent in summer and fall, while the trade situation
‘should be expected at highest frequency in winter and spring., .In _the past there has been

a tendency in planning the more complicated operations fo assume that the wind systems
For example, there have been

adloft are essociated only ot random with cloud and "weather |
requirements in past operations that the winds over the Marshall Islands up to 40,000 feet
be, in the period following a detonation, from the southeast or south. K At the same time,

concomitant air operations have been predicated on the assumption that trade cumulus with-

Obviously, this is asking for an incompatible distribution of the weather elements. It is

trve that such conditions may occur ot long intervals of time and for short periods; how-
ever, they will represent a transition from one typical situation to another and cannot be
counted upon for a sufficient length of time to ensure the success of a complicated

weapon test.  Other meteorological incompatibilities would be the association on strong
westerly winds (above 50 knots), above 20,000 feet in the Eniwetok - Bikini region, and
cloud conditions appropriate for photography on the ground and in the air. Undoubtedly
svck cerditions hove existed on past operatians, notably onl Sanjs.fozc, J'buf they can be
regarded as lucky accidents, of short duration. - The occurrence ‘of sich accidents, and

the ability of meteorologists to forecast them, cannot be dou"n‘fed'on in planning operations.

Finally, it should be emphasized that the most that can be done, .in the present state

of knowledge of tropical meteorology, is to forecast broad-scale situations, involving, in the

most general terms, the associotion of wind systems with average cloud cover and pre-
cipitation. ., It is not possible to saoy that an individvel cumulus cloud will be located

in -qu¢h- end svch. e spot et svch ond svch a:time, 24 hovrs- cheod = The averoge life-
time of a tropical cumulus of any mognitude ‘is only 45 minutes; its rate of movement
depends only partly on the wind speed and direction. . Its shape and the height to which
it will reach, the amount of overhang, the rate of dissipation of the ftops, will all depend
on the micro-structure of the air - a problem in turbulence theory which is beyond the
power of any cerodynamist or meteorologist fo forecast 24 hours before the event. Pre-

cipitation in the form of showers, likewise, depends upon complicated physical processes

3o )

%

'



&cum’ng within individval clouds., While .it is possible to state something about the
likelihood of precipitation of this type in a glven areq, it is not possible to say wbef&er
rain will fall on one or another of the Islets of an atoll, -nor to state the ‘exact time
of beginning and ;ndiné of individval showers. An experienced meteorologist, who has \
spent a long time studying cloud forms in the tropics, might make forecasts of these - -

elements as much as an hour in advance., To expect more than this ‘is to expect the

-

TN

N\

)
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impossible.
In summary, God did not design the tropical atmosphere toAEC specifications.

e },‘,\)] grAt d

I

79 wlawrtd ok

1/
p 0




e

&=,

Q,
144,[

b,

%,

K ¢

L e o s a5
"1l THE DYNAMICS OF 'BOMB CLC §

-

No &fﬂnpf Is mode In the following notes to arrive at quantitative results. How-
ov;r, enough dafa exist, espelally In the form of photographs of the clouds that form as
a result of nuclear explosions, to enable @ gualitative hypothesis to be constructed. The
bypothesis will be concerned with the manner In which the fireball Is troansformed Into the .
fomlliar mushroom cloud of past atomic tests, This topic hes not Been the sublect of
recent extended .resecrches, ond the principles uvpon which It Is vsvally discussed seem fto
be Inadequate to explain the meteorological concomltonts of the initiatlon and growth of
the cloud, It cppears that the fireball hos been treated as if It were a bubble of heated
gas, which it Indeed Is, ond that the events subsequent to Its formation con be occounted
for by the rise of the ball, much cooled, but still as o bubble, moving vpward under
buoyancy forces with little chonge in shape. Changes In shope actually observed have been
attributed to atmospheric turbulence resulting in''entralnment’’ of outside alr, in the form of
a wake stream. The speculations odvonced here arise from the observation that the forma-

tion and movement of the cloud and the clrculation within It ore much too regular, especially

under conditions of little wind shear, for the phenomena to be entirely accounted for by tur-
Bulence theory. With the larger Bombs, the Integrity of the atmospheric clrculations over
time Intervals of many minutes suggests that there are present regular streamline motions
dynamically Independent of ond only slightly distorted By small scole atmospheric turbulence.
The conditions with which these speculations begin are those following o detonation
af some distance above ground and aofter the resulting fireball has reached Its maximum ex-
pa-;slon. Within the region limited by the wavefront of the shock wave, the Isobaric sur-
foces may be considered, except In the Immediate vicinity of the mass of heated gas, fo
have returned to approximately their normal otmospheric orientation, that Is, quasi-horizontal.
In standord meteorological fexts' en expression may be found which gives the acceleration
of the circulation around an).r atmospheric path dve to the so-called solencidal field, Con-
sider the vertical paths through the fireball residval and the surrounding atmosphere, shown

in Figure 1.

Figure ;: Acceleration ol circulation

-~

*Haurwitz, - B. Dynamic Meteardogy.  McGraw-Hill, New York, 1941.
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. ABC ond DEF are Isobars whose valves are, respectively, Py ond P, and such
that Py > Pj; AF, BE and CD are verticols, dirécted foward the cenfer of the earth.
I C ropresenn the circulation aronnd any path, R Is the gas constant for dry _a‘lr ond
Tp Tb’ represent the mean temperatures along the verticals AF, BE and CD,

ﬂmcilvoly, then, neglecting the effect of the ecrth's rotation:

ABEF

d - - P

BCDE (7)
[
It Is clear that T5> ?ql ond ?ﬁ >?b- The direction of the acceleration of the cir-

culation around these paths is therefore “indicated by the orrows in Figure 1. In the
absence of wind, complete symmetry will exist, so that aofter a short time interval, a

field of motion will be set up corresponding to Figure 2, and the heated goses and
environnental air will ascend together os a vortex ring.

Figure 2

"Entrainment'’ is thw seen to be, not a disorderly mixing of environmental .alr In
the wake of o bubble of heated gas, but rather, part of an ordered motion in which the
gases and the afmosphere form o complete system (see Figurse 3). Theoretically, this
system should extend iaterally behind the shock wove to Infinite distonces; actually,
losses of energy restrict its lateral extent, while cooling due to adlabatic expansion ond
rodiation limit its vertical extent. Turbulence, olso, will In time destroy the symmetry of

LAy RL{DOE ———— &' L '
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‘cloud formation, there :is :surptisingly lmle .deformation, - especially :with :the .larger .de-

‘fonations. |

:the center of ‘the .ring. .

.ascent; there ‘will .also .be .some fa"»ouf of .larger particles. -However,

Is .sufficiently high :in -the .atmosphere, ‘the visible .stem .material, when :it “is stirred up

‘the central .portions of the ring.

-vapor distribution along the .vertical :in the environment.

ED/oo;:

T e

i

*.#he ‘system .and .its :strict .forus form; :shear .in “the :wind, - both horizontal .and :vertical,

will deform and ultimafely :destroy the :clrculation. , :However. .during .the .early .stages of

e

1., ‘The stem should bezsecondary :effect, ‘that :Is, - It will .be ‘focated :in .approxi-

.mately .the .position of the .axial :streamline :that .ends .at .the ground .ond .passes .through

‘Radioactive materlal, naturally, -can .be ‘carried :into it as .@

result .of the -circuitous motion .of ‘the Bomb ‘material .arond .the vortex ring during :its
-if the explosion

from :the .ground and not the result.of condensation :in.a noist atmosphere, nuy not.reach
On the other hand, with some low level ‘detonations, -the
stem may pass completely ‘through .the ring and .be -visible as .a plume protruding through

it. .In a moist otmosphere, as ‘in the Marshall :Islands, .these oppecronces are .not to

be expected, - since condensation will occur on .all ‘trajectorles that pass :upward through

‘the condensation level. :The stem :in these cases will ‘consist partly of bomb material,

partly -of surface material, but largely of ‘condensed ‘water. With ‘very large bombs, where

-turbulence cannot have any .immediate .large:scale effect on ‘the .form of the .stem, this

‘structure should consist of ‘smooth .lominations corresponding to the differences ‘in ~wafer

:The stems of :large bombs

should appear different in structure from those of small ones.
2. The stems should in many cases show .spiral markings, especially in their

lower portions. This is due to the convergence ‘induced in :the lower atmosphere by

the ‘vertical circulations. The direction of rotation of the spiral will depend on .the

.sign of the vertical component of ‘vorticity in the lower atmosphere: if the horizontal

wind shear ot the time of explosion iIs cyclonic, the ‘stem should show o twist in the

positive sense (cyclonic as seen from above);, the opposite circulation should be ob-

served under anti-cyclonic ‘shear ‘conditions. -This deduction :is based on simplifying

assumptions. First, Coriolis’ force has been neglected: if the horizontal winds set up

ofter the explosion are large in mognitude aos they probably .are, the effect will be to

produce only cyclonic twists ‘in the stem, the anticcyclonic being damped , Second the

horizontal -variation .in vertical velocity .and the :vertical shear in the winds have been

:neglected; these, "if large. could produce complicated rotations :in the ‘stem which, with-

out empirical data, it is not possible to evaluate.

3. During ascent of the ‘vortex ring -air should be moving some distance chead
of the ring (see Figure 3).. The effect of this movement should som:times be visible,
more_gspecially if a stoble moist layer lies .in the higher atmosphere. :Then .o cap
cload similar to the pileus seen on many hopi.col cumulus, should be visible .close to

byt moving: cheod of .the vortex .ring.

N



. 4. Other things being equal, the higher the temperature of the fireball” ond the
grecter its size, the greater will be the horizontal extent of the clrculation. With the \ -~
~ lorger bo'mbs',' provided they are exploded In an atmosphere with pronounced cyclonic
~ shear, @ cyclonlc :system of opproximately the size and !atensity of the weaker tropical
Jopro:sloh; of the Marshall Islands could be set up. Whether such o system could '
ever become self-perpetuating, through the supply of energy set free by condensation,
Is a matter about which it Is Impossible to reach definite conclusions as yet; ot the

same time, It must be said that the triggering of such a self-sustaining circulation is
not ot all impossible. The energy for the circulation would be detived, not from that
Initiclly released In the fireball, but from the afmospbeu,’ the energy source of .froplcal
.depressions and typhoons. Comparisan of the relative energy release of typhoons ond
noclear (_or fhcr_monuclcgr) devices Is therefore irrelevant,

BOMB MATERIAL

R Rt .
e R A T

CAP CLOUD

MOVEMENT
-YORTEX RIN

* SKIRT* FORMED
BY CONDENSATIO

IN UPPERMOST -
LAYERS.
|
|
| STEM MATERIAL, CHIEFLY Dus
i ; AND| DEBRIS
1 ; !
GROUND
Figure 3: Cross-section showing morphology of a high level
€lond during ascent through an atmosphere relatively"
dry in the lower layers.
d EOP/[
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5. In a moist atmosphere and with lorge bombs_ the ‘whole of the re-
glon marked X lnvFlgun. 3 -up -to -and -Including ‘the -stem, -should fill -with maony
‘eumulus ‘clouds ‘socon ‘after ‘the ‘vortex ‘ring -has--begun -to -ascend,

6. The -clovd ‘will ascend -until ‘it regches ‘a ‘height -at ‘which ‘the -atmos-
pheric -stabilify -is ‘such -as ‘to -oct ‘as ‘a - lid"" ‘through ‘which -the :ypriex .ting .os
.. whole -cannot -ascend; -in -general -this -level -will -be -at or slightly -above -the

‘tropopause. On -reoching ‘this -stable level -the -vortex ‘ring -and -its -attendant

‘cloud -will -expand -laterally -and. -in ‘the -absence of other -sources of -energy. ‘the

‘circulation ‘will -decelerate -and -be -destroyed -eventually -by turbulence. ‘Roughly

-speaking. -it -may -be -estimated ‘that ‘the destiuctive -effect of ‘mixing.-will -be

-greafesf ‘when ‘the ‘winds -just-below ‘the -#ropopause -have ‘strong -horizontal -and -ver-

-tical -shear.

-7. ‘The -vertical -velocities ‘will -reach -a .maximum -along -the -axial ‘stream-

-;i‘ne -at ‘the ‘time ‘just -before ‘the ring ‘reaches ‘its -maximum ‘height -and -at ‘the

point on -that -streamline ‘where -it 'is ‘cut by 'the plane of ‘the ‘vortex -ring (Figure

‘4). -With -large -bombs ‘this -vertical -velocity ought ‘to -reach ‘very -large ‘values.
1f the -%1id"* .is -a ‘very ‘stoble -layer. such -as ‘the -lower ‘tropical -stratosphere,
‘the ‘central -fast -moving 'stem_ -together -with -much -bomb -material -may ‘be ‘carried
up ‘considerable distances -into ‘the 'st:atosphere ‘os -a ‘narrow -¥'plume’” -before |

-decelerating ‘o -zero ‘vertical ‘velocity (see Figure 4).
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A: SBtreamline pattern at maximum development. Plume may
contines upward after remainder of circulation is decelerating.
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B: Cloud consisting of bomb material, debris, condemsed steam and condensed
atmospheric water vapor corresponding to streamline pattern above in A,

Figure 4: Large Yield, Maximum Development
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lll.- EVIDENCE FROM HIGH YIELD DETONATION_S@

1.: The Eniwetok Atmosphere, . MIKE Day*
The general ‘susceptibility of the ‘atmosphere ‘to convection is illus:
‘trated by the rebons'ol comules and towering cumulus ‘clouds -at both Enlwetok A
and Kwajalein, os well as by reports of showers and lightning. '
Some of the rising air was thoroughly mixed with the environment ‘in
‘the conditionally unstable layers just below 10.000. 19 000, and 29,000 feet.
In the lowest of these layers. this mixture maintained high humidity; a layer -of

clouds was obsetved near 10,000 feet, trapped below a relatively stable layer.

The clouds reporied ot this level show some of the effects of the low stability

(altocumulus charactetistics) and some of the effects of being trapped at a level
(altostratus characteristics). One of the cloud types reported at Kwajaleln indi-
cated altocumulus 'spreading from the upper portion of cumulus clouds.

Similat mixing of the rising ait with the environment in the unstable
layer from 13,000 to 19.000 feet undoubtedly occurred. There was no layer
immediately above; however, that was stable with respect to saturated air. so’
that the mixture would be free to break through to higher levels Instead of
spreading at this altitude.

" Also. in the unstable laye: from 25000 to 29.000 feet the rising

alr was most likely subject to mixing with the environment. In the region from

22,000 to 29,000 feet, the ratio of wind shear ‘to stability showed @ maximum

for the sounding.
This tegion. similar to the one at 10.000 feet. was topped by a

stable laye:. This means that some of the rising air mixed with the environ-

ment of the unstable layer and spread laterally below the stable layer. Here,
the process did not lead to extensive cloudiness since the environment

however.
Any frogments of the cumulus clouds

was quite dry and the mixture unsaturated,

that broke away from primary convection cells ot this altitude.-quickly evaporated.
The air tising from the su:foce in the convection cells which attained

great height would have reached an equilibsium level near 40.000 to 42.000 feet

had it not been for environmental mixing as the rising sample passed through

the layers favorable to mixing. Becouse of this mixing. the equilibrium level

was reduced somewhat. The presence of ce:irus and citrostratus clouds ot 35.000

to 36.000 feet in-the repo’ts from both Eniwetok and Kwajalein can be taken

* Extract from on anclysis made by LCDR William J. Kotsch, USN attoched to
JTF 132 Weather Cential dusing MIKE
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“as evidence of this foct. since they likely dul!ed from the spreading out of the upper

) portion of cumulonimbus formations.
2. MIKE Weather in vicinity of Zero, 0640 - 0700 (L)*
**The personnel in the WB-29 informed me that there were only-scattered low

clouds In the vicinity of the atoll. whose bases were estimated-near 1800 feet and whose
average fops were estimated to be near 4.000 feet, | was also informed that **one or
two® low clouds fo the southwest of the atoll exfended to an estimated maximum height

of about 7 or 8 000 feet. | was further informed that only a few scattered middle clouds

-

N

were observed in the vicinity of the atoll and also as far as the personnel aboard the
" aircraft could see from an altitude of 1,500 feet.
On at least four different transmissions, | was advised that there were no
showers between *"Point IP°* and "Poikt X"" or in the general vicinity of the atoll. -
T The wind at 1,500 feet was reported to be 110 degrees- 12 or 14 knots. On several oc-
casions, the terminology *’practically clear ** was ;;sed by the personnel aboard the
aircraft.”

3. MIKE Cloud and Effects**® )
The detonation occurred at 0715 M, 1 November 1952 as scheduled. It was ob- )

served from the flag bridge of the USS Estes (AGC-12) at o distance of 31 miles on a
line bearing approximately 155° from the shot island.

The initial aspect of the explosion. seen through density goggles, consisted of
an immense fireball which appeared on the horizon like the sun when half-tisen; however.
the angle subtended by the half-disk at maximum was af least twice that of the sun. A
rough estimate indicates that its diameter at this time was between 3 and 4 miles. The
fireball was not homogenous buf consisted of a bright inner core of approximately two-
thirds the total diameter surrounded by a thin. telatively dark shell (orange in color as
seen through the goggles). the whole being enclosed in an outer, very bright shell which
was the limiting region of the fireball,

‘The fireball seemed to ascend very rapidly after an Initial hover time whose dura-

tion cannot be estimated but which seemed to be shorter than those occurring with

weapons tested during Gieenhouse.

* Extract from radio teport of voice fransmissions between weather observer in WB-29

aitcraft and faecaster in JTF 132 Weather Central aboard USS ESTES.

** Extracts from a report by Professor C. E. Palmer to CJTF 132 (eyewitness description

recorded shortly after event).
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" During its rapid initial ascent the ball contracted ho.rlzonia”y and became trans-
formed into a fiery and exceedingly tutbulent columnar clo ud, losing its quasl«-sphellcal
form soon after the ascent began. I thought | saw a small secondary exp’oslon In the

fiery column at this time,_ but other observers do not confirm this. I removed the goggles

immediately ofter this secondary Jelonaﬂou. =g
The *doughnut™ or ‘smoke ring was then formed without much slockem’ng in the

rate of ascent. | e‘sfimafed that the mushroom cloud reached the tropopause within H

plus 3 minutes. Its vertical deceletation after 2 minutes was very rapid and was ac-

companied by a tremendous lateral spreading many times foster than that seen in A-

bomb clouds. It appeared as if the cloud “’splashed”” ogainst the tropopause.
The stem passed into the head of the clovd and moved vpward with it from the

time the latter was first formed. At first the stem was relatively narrow. being not more

than 1 mile in diometer and perfectly vertical, it seemed fo be ve:y turbulent but was

not marked spirally as are some A-bomb stems. The turbulent appearance soon vanished

and the sfem exponded Jaterally to a diameter of 10 miles. At maximum and before de-
formation_ it presented o very smooth appeaiance like a pile of inverted saucers of
different diameters, stacked one vpon the othet. The only natural cloud resembling the
stem af this time is the vertically stocked altocumulus lenticularis seen over and near
high mountains during foehn periods. | have seen clouds like the stem over the Sierras
in California. and the Southetn Alps in New Zealand and | have seen photographs taken
in Sardinia of similar sfructures associated with the Alps. Thete is no doubt in my mind
that fh? smooth stem is a surround formed about the narrow turbulent initial stem by
condensation in wtside air taking part In the vortex<ring circulation. The smooth out-
lines indicate that this part of the ci:culation is non-tu:bulent streamline motion and

that the various "’savcers’ are the 1esult of variafions in moisture content in the afmos-

pheric layers partaking in the motion upward through the middle of the vortex ring. It
may be assumed that the rapid lateral extension of the initial stem is an index of the
rate of entrainnent of outside air into the vortex ring system; if so, the rate must be

many orders of mognitude greater than that in any previous detonation. At the point

where the siem joined the head seve:al large skirts formed toward the end of the as-

cent. Their presence suggested a highly saturated atmospheric laye: of about

30 000 .feet.

In contrast to the broad stem the heod remained turbulent.
cumuliform structure at H plus 45 minutes. By this time however, parts of it were

being transformed into altocumulus and other parts (at the same level but on the op-

After compa-ing notes with other observers. |

It still presented a

posite side of this cloud) Into citrus.
om convinced that the mushroom cloud temained below the tropopause thioughout the

period of its exponsion and thereafter. This is not to say that the entire cloud was
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limited by the tropopause but only the great bulk of it (consisting largely of condensation
* In entrained air. condensed steam from the sea suiface and coral and other debris from
the destroyed Islands). There is indirect evidence that the Initial central turbulent pil-__ .
lar pierced the ‘fropopause at about H plus 3 minutes but its further ascent would be
hidden by the great lateral development of the vortex ring (mushroom cloud). ((Develop -
ment of plume was seen aboard LST 213 miles from zero)) This sxpansion seemed to
be symmetrical and very rapid in its Initial stages but began to diminish sensibly by H
plus 10.minutes. By H plus 15 minutes, it had in all acppearances ceased and the mush-
room cloud at that time was 65 miles In diameter. In direct sunlight it was of a creamy
white color but the shadows were intense orange. The first evidence of precipitation
from the mushroom clovd occurred ot H plus 6 minutes. Dark trails were seen descend-
Ing from it in the:vicinity of the stem. | suggest that these trails consisted largely of
mu\d and rain. The first rainbow was seen below the top and to the left of the sfem at
H plus 7 minutes and rainbows were seen in various positions under the cloud as the
ship maneuvered between H plus 30 minutes and H plus 45 minutes.

After H plus 15 minutes_ the intrinsic cloud motions having virtvally ceased,
the whole structure began to move'and to be deformed by the winds near Eniwetok. Up
to that time. however. it can be considered to be Independent of the wind- the explo-
sion having set up its own local symmetrical ci*culation over an area at least 65 miles
in diameter. The mushroom cloud during the petiod of deformation was transformed
into @ dense sheet of altostratus topped by cirrus. Many cumulus shower clouds formed
beneath it penetrating it in places: rain also continuved to fall from the altostratus but
much of it was in the form of virga. The deterioration of the local weather prevented useful
observation of the cloud after H plus 1 hout 30 minutes.

At sunset. the weather having improved considerably. opportunity again occutred
of observing distant and high parts of the cloud. The sky color from 10 to 25 minvtes
after sunset was extraordinarily brilliant. Low in the west there appeared a chevion-
shaped, brilliantly illuminated tenvous cloud which | suspect since it was higher than
natural cirrus in the vicinity. lay in the st:atosphere. The tenfative suggestion may be

made that it was detived from a nasrow filoment that pietced the tropopause at H plus

3 minutes. Its position in the west suggests that it moved with the stratospheric winds

between 60 000 and 80 000 feet.
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4. KING Event . )
In several respects, atmospheric changes produced by the defonation of KING ‘were

more specfacular than those produced by MIKE.

—

e, ,‘Atmos.pheﬂc'-smbilux ]
‘While svtface ‘and lower level obse:vations indicated great stability, -a'mare -de-

-

TN

failed -analysis of temperature. humidity .and ‘wind data aloft showed the -great suscepdibility

of the KING :atmosphere #o'convection. Infact. highe: :energy release th:ough the conden-

'sation process was available during KING 'than 'MIKE, ;Being-dn the order-of 28'x 105 ‘ergs
per-gram of aitnising to-the level .of zero -buoyancy.

b, :Pre-shat-Weother. :Eniwetok -Atoll
16 Novembe: 'was abnormallyicleas :with:2/10+~-3/10 flat'cumulus, typical of a

'fte_sl;'ftude'outbseak. ‘Visibitity was quite high, pilot-seports-indicated no obstuctions
‘to'visibility In:aony-directionfo: :hund:eds -of miles. -

‘c. :KING:Detonation . _
KING waus dropped on-schedule -and-detcnated ove: -zeto peint (Runit Island)

“:at.app:oximately 113D-(M), 16 Novembes. : .
One of the immediate results of the:defonation was the sapid evaposation of

cloud over-a'wide a:ea ‘at-least seven miles in-:adius. "This evaporation psecess was
produced by theirmal-sadiation -fiom-the fizeball-and not by pressuse changes associated
‘with passuge of the:blast wave.

-An:almost petfectly symmet:zical tosus sing-formed in-a shost-time :ands0se
rapidly-to-the tropopause. -As in-the case of MIKE. the visval impsession-was that of a
“splash®, the canopy sp:ead-1apidly.and, .within about fifteen minutes, was esiimated -to
.be.about thirty+five miles-tn diometer. ‘The p:edominafe cloud fo.m visible on the:bottom
poit of the canopy was mammoato<cumulus ‘indicating extr:eme ‘1w:bulence within the mush-
:toom, ‘The bottom of the canopy:eventually Jlowe:ed as:the induced ci:culation continued
‘until these was.a:ciirus overcast.at.about 35 000 feet. Late: this cloud.deck continved

i
[4
(Y 4o lower, producing visga-trails. degenesating slowly -as it lowe:ed tnio alrocumulus .ond

’
4

-1
A’t

+

altostratus .and eventually:dissipated.by:late .afre:noon. The upper past of the cirus

J{(deck petsisted thioughout:the:day.

L

‘KING ‘was:a-spectaculo: p:oduce: .of ’home-made®’ weathe:. Although:no zain
; showers were observed within.a.radius.of .at least one hund.ed miles of Eniwetok just
’:; ptior to shot*. scatte:ed showe:s.were observed on the USS ESTES .about ten minusres

.after .observation .oand scatte:ed pieciptiation was obse:ved in all quad.ants (especially
to SE and SW) duting.the :emainder.of the day.
f‘l * Y§—29_ P2V. .and ship obsetvations
. " ,
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5. Summary of Important Dimensions and Dbservations. MIKE and KING

‘Conslderable controversy has arisen concerning the phenomena observed during
both of these high yield shots. All observations have an inherent weakness: the object
observed was much too la'ge to permit measurement from finite distances. For instance;"
the elevation angle on the MIKE caonopy exceeded 90° within seven minutes, All con-
clusions, therefore, have a strong subjective element which cannot be eliminated. The
following Jimensions have been arrived at by discussion between experienced observers
present during both defonations and verified 1o a reosonable extent by photo-inferpreta- 'r
tion. In the case.of MIKE_ the high altitude 1eached by the plume is verified to some \ \'
extent by post-sunset observations of the cloud in the stratosphere. This same obser- |GF *
vation also oppears to establish that the mushroom JMM the st:atosphere fol 14 ;-l)
- any finite extent. T‘

a. Size of Clovd at Maximum Deve’o.pmenf_“

MIKE. KING -

»

Diameter of Canopy 75 miles 35 miles

Diameter.of Stem near base 10 miles 3 miles i}
Top of Canopy ’ 60 000 #¢ 60,000 f1

Base of Canopy < 40000 #+ < 40000 fr

Top of Plume 130 00011 (?) no evidence

Diameter of Plume 4 miles (?) no evidence

b. Dimension of Circulation Diameter in Upper Troposphere af Maximum Development

MIKE. 80 miles
KING. 40 miles

c- Evidence for Yortex Ring Circulation in Upper Troposphere

(See photographs)
d. Evidence for Altostratus Formation in Vicinity of Stem.

(See photographs)

e. Evidence for Cumulus ond Shower Formation-

Numerous eyewitness accounts from surface and aithorne observers, numerous

photographs.
f. Evidence for Extreme Tuvbulence 1n Canopy:

Numerous observations of mammato-cumulus. persisting in the canopy for

ot least thirty minutes aofter formation.

g. Evidence for Secondary Natute of Stem

(See photographs)




h. Evidence of the Opocifl fo Rodos Waves of the Stem and Mushroom

(1) ‘The MIKE stem obscured all alrctaft targets -behind If‘.
(2) Experiénce with similar cloud of high water content and thickness indi-  —.

cates that a radar wave woold have been unable to penetrate the canopy (or mushroom).

6. Photographs
Introduction:
These .aze several impoitant points which shawld be kept in mind in connection
‘with the photographs appearing in this section of the repost.
‘ (1) ‘The precise location of the ai:c:aft is unknown. Best info:mation indi-
‘cates that all of the pictures conce:ning MIKE -wete taken from-an altitude of 1} 000
feet-and -af distances ‘which varied from50 to-70 miles.
(2) ‘The time of -each picture-is-also'nct known ‘with precision.
(3) 'The size of-the MIKE ‘clovd precludes -real -appreciafion -fo: -the -dimensions

-and -effects,
(4) ‘Because -of distances involved, optical ‘conve:gence can‘tesult-in-etroneovs .

conclusions ‘with respectto-cloud amounts. "Inte:pretation of the photographs has ‘con-

'sidered ‘In-addition to-the 'visual -evidence -available-in the picture ‘surface-and-aircraft

‘weather reports from-the vicinity,
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MIKE CLOUD IN VERY EARLY STAGE.

!
Scattered to broken

Altitude 11,000 feet, distance about 60 miles,
stratus ‘below aircraft at about 10,000 :feet, intermediate -cloud decks In

foreground at about 17,000 feet from which light precipitation Is begin-
' 1

Formation of ‘condensation ‘‘skirt’’ ‘at ‘base ‘of -mushroom
Outer poction of ‘‘skirt’® ‘is

‘ning to ‘fall,
shows high ‘moisture ‘content at this level,

showing .definite streamlines of .torus :ring -cireulation.
v
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CONTINUED DEVELOPMENT -OF MIKE CLOUD

About twenty -seconds -after proceeding -photograph, -MIKE .clovd has )

assumed .a .definite -torus -ring -cireulation, .with .condensation .:'skirt’"Jow-
.oting. .Note .steep .slope of streamlines .immediately .below "mushroom,

.compared .to sholiower slope .at :lower .levels. Appearance .of .mammato
cumulus. in .base .of .mushscom indicates .extreme .turbulence. .Some

growth In cumulus .to .right .of stem has .begun, .and some .dissipation
of stiatus .deck .in foieground is. also apparent.

not yet reached the base of the stratosphere,

Y

23

Top' of cloud has

The mushroom is about twenty-five miles In diameter.
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It CONTINUED DEVELOPMENT OF MIKE CLOUD

Aboot thirty seconds aftes preceding photograph. MIKE cloud has

almost reached the base of the stratosphere. Condensation °’skirts®’

around stem have continued to build downward as Increasing amounts
of molsture have been drawn Into the torus ring circulotion. Mammato
cumulus is elearly apparent beneath the mushroom; cumulus clouds In

vicinify are bullding up and cloud decks in foreground have noticeably
dissipated. '

Mushroom Is about thirty-five miles In diameter.
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IV CONTINUED DEVELOPMENT OF MIKE CLOUD

MIKE cloud has ‘’sploshed’’ agalnst the base of the ‘stratosphere
about six minutes after detonation. One of the most significant de-
tails In this photograph Is the appearance of the ‘‘plume’” above the
laterally spreading canepy. Theoretical analysis of bomb clouds (ses
Section 1l) would indlcote ‘that most of the ‘radicactive debris ‘would
be contained In this ‘‘plume’’. Results of the cloud sampling pro-~
gram would tend to estoblish this 'conclusion, and Indicate a funda-
mental operational difflculty.

The canopy is now approaching Its maximum dimension, some
seventy to eighty miles In diameter. Stratus ‘clouds In ‘foreground
are aimost completely dissipated. and ‘cumulus ‘continves ‘to Increase
tn height under Influence of ‘the ‘induced ‘circulation. '

3.
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IV. EVIDENCE FROM LOW YIELD DETONATION"

Following:data.including.sketch.and illustration .we:e obtained.By analysis.of
photographs.of smoke puffs In connection.with Tumbler 3. ...

Movement.of the smoke puffs cleatly.ttaced.the :streamline motion in the surrounding” -
.air mass.directly connected.with the .formation.of the Tozus Ring. - Initial horizontal
velocity.of butst.no, 1.was 200 feet.per second with.average.velocity.of 100 feet per
second, The initial velocity.of burst.na' 2. which was at a greater horizontal distance
from the detonation point, was 100 feel.p'ar second. The .average.velocity was 65

feet per second. The.average velocity.of the cloud top.was 970.feet per second.

* Extracts.from a private communication.from Daniel F, Seaco:d J:. Los
Alames Scientific Laboratory.
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Reference Level: No. I, 2500 feet from
avclear burst helght, some elevetion.
No. 2, 3000 feet from nuclear burst
height, some elevation.
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