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‘subsided, ‘continueddevelopment.of:the:tosus ‘ring structure ofthe cloud:has ‘forced. 2

‘the bulk ofthe:bomb:matesial :iato:the-stratosphere. - ~ ‘
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' ABSTRACT AND CONCLUSIONS

With Respect ‘to Weather. in. the. Marsboil Ielonds: .

1, - The:behavior-ofthe:tropical atmosphere:is:litthe-understeod:by the.professional | ee

meteorologist:‘and:therefore, ‘not surprisingly, bythe:mafority efmilitaryandcivilian

‘staff officers at all ‘levels. ‘Seasonal variability ofthe dmportont ‘weather ‘elements

‘does ‘not ‘conform ‘tothe calendar. ‘Gasual ‘stovistleal analysts ofavailakle weather{ 91pee
fo - :

wecords ‘lead nore often ‘than metie crronoaus operational conclusions. y
‘(Pages J -'9) . ke

12. ‘Operational weather requirements have ‘been ‘Imposed ‘in ‘overseas ‘test operations

‘which :are‘inherently ‘iriconsistent,:almost:mutually:exclusive, :and ‘capable ofreall-

   

 

¢
‘zation:only -for:short periods ‘separated ‘by:long intervals. °

(Pages :8-and-9)

With :-Respect :to ‘the ‘Dyaamics of ‘Bomb -Clouds:

1. ‘The bomb :oloud-Is‘not:a'disosderly:mixing ofenvironmental .alr-in the wake -of.a .

bubble:ofheated-gas, :but ds:port.of.a-logtcal .ond-orderedmotion ‘forming a complete ,

system. a (Poges 10:13) Oy}
2. Wiis ‘entirely possible:that.o:high yielddetonation:can *“trigger’’:a self-sustainingrg)

circulation which-will derive: its energy through the condensation process. i Seal
, (Page 13) © en vo

wt3. Analysts of.bomb:cloud dynamics points to the reason ‘for the: inadequacy:of pregent

‘fechniques ta:high yleld-cloud:sampling::-during the early-stage of:cloud:fosmation, much

‘bomb ‘material -is:available at:lower:altitudes, but:severe turbulence forms an:insute

mountable obstacle ‘to the use:of:manned:aircsaft,:at:loter ‘states, :when turbulence:has

e

(Pages 14:and 15).

With Respect :to Evidence. From High -Yield-Detouations:

1. ‘Both MIKE .ond:KING produced‘clouds :which- closely:followed the torus ring model,

Both demonstratedmarked streamline:and.condensation effects.

(Pages 17. .19.and 20)
2. The: detonation .ofMIKE .dnd:KING cre,PepareceeeShey

hanges-which persisted :for.several hours..-.
(Pages 19.and.21)to

3. Any.compatison.of.bomb yield.toWda)spelom sform hanes

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

triggers” the atmosphere. .ond:the energy :liberated through .the:condensation process

.dwarfs :that .osiginally:released :by:the:bomb :itself.
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With Respect to Low Yield Detcsations. ~

1, Analysis .of smoke-puff photographs ‘sfrom the Tumbler No. 3 ‘test demonstrates

‘thet-e:neas-idectizedtorus sing elrcvletion ts estoblished:with :relatively:low bomb ylelds.
- (Section 1¥) 0 2444AA Om PenaPoeAa preva
With Respect ‘to. Certain. OperationalProblems:

1, Present sompling techniques :for high yield devices are not adequate for the reason

that:the:budk-of the bomb debris is:deposited. in ‘the:stratosphere:beyond.the:altitude capa-

-bifity ofpresently .cvailable.atreraft.-
‘(Sections Uf .and Jil) .

2. The.diménsions and structure.of.the bomb cloud.formed.by.the detonation.ofhigh yleld.

weapons Introduce several .sezious- operational conside:ations bearing on the delivery

problem, Among these.are:

a. Extieme.turbulence .within.the.bomb cloud.which would probably preclude .circraft

' opesation.below the stiafospheze inthe some.ateo for.o considerable time following detona-

tion, even If the factor of radiological contamination is ignored,
{Page 22)

-b. Assuming .dellvery.to.a.location in the high latitudes with .a.low stratosphere, such -

.as Russia.during.wintet, the .size.and thickness of the generated cloud would p:obably pso-

duce a Jorge obscused.area on.the radar scope ofany following aircraft engaged In.the

destruction of the .same.or.an.adjacent.target.4 (Page .23) Tate!
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4. WEATHER OVER THE..MARSHALL ISLANDS om ry

os 1, Wes’? .and Dry’? Seasons: . aie] :

ad Our knowledge, of weather -ond wind in the Central Pocific is still surprisingly

oat meager, . The region :lies far from the chief trade routes of the Pacific, so that.”

£3 we do not possess the abundance of marine records, dating back to the days of

axed the full-rigged ship, that give us so much information on susface conditions in

a3 higher oceanic latitudes and along the coasts of Asia and America. In spite of

t-2 long occupation, first by Germany, then Japan, .and in spite of the location of

ed Forces, the Marshall Islands -cre <recent weapon fests by the United St

among the least known, from a meteorological point of view, of the archipelagos

The reason ligs portly .In the short observational record,

cr
m

of the Central . Pacific.

but -more importantly, perhaps, in certain preconceived ideas, held alike by many

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

thaf have fended to obscure the issues.

Historically, explorers, soldiers, sailors, and scientists of the Atlantic com-

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

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

of these regions are subject fo 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. Aft all events, the tendency of rainfall in these places, to be

associated with a specific wind direction and to occur mostly in one secson 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 seasonal extremes, particularly in temperature,mg “ they

ro Ww ‘than any found in monsoon countries. So there has grown up, in the minds of

& \ both scientists and laymen, .the expectation thot oll tropical regions, even those far

f from any large land 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 oc great variability in weather, if is true,

In fact,to occur with little relation to the time of the year.-but this seems

’ the region overlapping the equator and about the longitudes of the Hawaiian

Islands is a zone with probably the most highly variable rainfall on the whole

lying as they do closer to Australia than the ™

“
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* globe. The Marshall Islands,

“Central Pacific atolls, come remotely under the influence of that continent

Butand consequently show some seasonal -variafion in ‘cloud and rainfall

this is overshadowed by o greater’ aperiodic varicbility of the type found in the

Central Pacific.. In the southern Marshalls this aperiodic type of variation extends
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even to the winds. For exomple, of Ocean Island, south of the Marshalls, west

winds sometimes replace the more usual ‘east winds ‘for ‘several days, but ‘the

‘change Is only ‘slightly ‘connected with ‘season ond ‘it ‘is ‘incalculable ‘In ‘its ‘ec-

‘currence. ‘from year ‘to year, ‘Since .1900 cthere ‘have ‘been years ‘In--which -wester-

lies prevailed at Ocean ‘Island on :as ‘few ‘os ‘2 ‘dnd :es ‘many ‘os 167. days... One

‘could ‘not, In other ‘words, ‘count on ‘the ‘seasonal ‘occurrence of ‘west ‘winds af ..

that Island ‘In ‘any one yéor, ‘nor plan ‘any ‘military operation ‘there on ‘a ‘statistical

presumption. .

2... Three Typical Weather Situations:

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

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

the wind systems and the clouds -is ‘much more obscure and requires -for its dis- .

covery more detailed resedrch.— At ‘first sight -the -surface.wind In the ‘Marshall

Islands, porticularly In the ‘north ‘near Bikini ‘ond -Eniwetok, appears -to undergo ‘very

minor ‘variations, ‘whereas ‘the clouds’ ‘may ‘change greatly ‘In ‘form, ‘amount ‘and hel ght

-from day-to-day... ‘Nevertheless, recent ‘research, based on ‘high ‘level observations

‘token during ‘the ‘series of ‘atomic ‘tests ‘between 1946 and 1952, ‘has ‘revealed ‘thot

‘the ‘cloud ts ‘correlated.-with ‘major ‘wind ‘systems; and ‘that ‘the general ‘weathpr situa- .

‘tigns from day ‘to day ‘foll into three ‘fairly well-marked ‘classes.

 

  1. 1500 Ft Trade Situation
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f.. 30.000 Trade Situation

The first weather situation may be called the "‘trade’” situation.. Over the

Marshall Islands, . north of 5° N, eastenaxth-east ‘to northeast winds prevail in the

lower levels of the atmosphere; ‘the wind speeds -range -between 5 -ond 10 knots from

the equator ‘to 10° N, increasing ‘to as much -as 20 knots in the region -between

Eniwetok and Wake.. Small -omounts -of cumulus ‘clouds ‘(usually cbhout 5/10 coverage}

are found in this -current -and the clouds -do ‘not -extend much -chove 8.000 ‘feet ‘in

the north nor above 12.000 feet in the southern Marshalls. Rain sometimes ‘falls

from some of these clouds, parficularly -in the south, but it is usuallyin the -form

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

the lower winds -are northeasterly ‘ond quite ‘fresh, as one -ascends in the atmos-

phere over the northern Marshalls, one -finds ‘that -the -winds ‘turn moze ‘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 -obout 35

knots at 45,000 feet. If the -uppe: ‘winds -in -the -region -should -be mainly south-

‘westerly, rain-from-the-trade-cumulus -is likely -ond the -amount of -cloud may iacrease

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

chiefly northwesterly in direction,, cumulus cloud may decrease-to .as ‘little .as 2 of

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

a
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‘to ‘ond ‘fro across 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

tte

The second ‘type of weather ‘situation ‘is very easily ‘confused with ‘the

first. especially if an adequate upper alr observational network is not established.

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

northeeast and northeast. However, the fluctuctions in speed, in time, and space

may be quite large and the winds do not vary lIatitudinally 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, almost the entire Marshall Islands may

show wind speeds less 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. Here and there, a more or less stationary line

of large cumulocnimbus with heavy showers, or on occasion thunderstorms, may be

The greatest difference,

A

observed from aitcraft or lie across individual atolls.

however, lies not in the lower cloud but in the middle and upper regions.

very extensive sheet of -alto-stratus breaking here and fhere to alto-cumuluswill

Blanket the southern Marshalls and extend from time to fime to the Eniwetok -

Bikini area, From this sheet, wherever it -is thick. will fall a continuous and

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

south may form continuous overcasts lying above and: sometimes fusing with the

altoestratus decks. Cloud and weather moke aircraft operations ‘above 20.000 feet

difficult and occasionally hazardous.

een

 

 

 

 

 

 

Ii. 1500 Ft Eniwetok Winds Under Cold Low Aloft
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Il. 30,000 Ft Cold Low Aloft
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The differente between this situation and .trade weather, as far as winds are con-

cerned, is most marked in the atmosphere above 30.000 feet. The lower easterlies turn

es before to westerlies, but these westerlies are stronger and form part of a very lorge

cyclonic circulation which lies more of less stationary between Eniwetok - Bikini and

Wake Island. The circulatory system is known as on upper level tropical cyclone. Winds

as high as 100 knots at 45,000 feet have been reported over the northern Marshalls during

such situations. Once established, on upper level cyclone may remain in situ for 10

days before moving out into higher latitudes. Even though there may be temporary clear-

ance far a day or two at some stations, the weather iemains generally unsettled as long

as the cyclone lies between Eniwetok and Woke. There may be a very genasal deteriora-

 

tion in the weather as the stationary ‘cyclonic circulation Intensifies and-reaches lower

cand lower levels. Following the movement of the upper level cyclone into -higher

latitudes, the trade situation will become -re-estoblished; this re>establishment.is often

-accomponled.by.a sudden and dramatic.imp:ovement.in the weather...

The third type of situation.is characterized by winds In the lower atmosphere which

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

Ss
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east and west in the southern Marshalls. The easterly winds extend fo great heights,

reaching .in-some -instences from the surface to 60,000 feet. Fluctuations inthe east-

erlies are due to the passage of atmospheric waves traveling from .eost to west at

opproximately 12knots., Thus the eastern Marshalls ore affected by the wind shifts —.

before the western Morshalls.. Some of these. waves become transformed into cyclonic .

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

larger scale, to the eddies seen onthe surface of rivers., The transformation from

wave into vortex occurs first in the lower atmosphere and .gradually extends upward,

in contrast with the situation previously described, where the cyclones have their ori-

gin in the high atmosphere. , In general, bad weather is associated with the west-south-

west and southeast winds accompanying the rear portions of the vortex., This is also

true of the waves ‘from which the vortices originate. The worst weather is associated

with the southeast winds., There is a tendency for this weather to occur in the form

of long lines of cumulo-nimbus cloud, beoring striking resemblance to the cold fronts of

high latitudes, but they are more numerous than the latter within an equivdent area..

Mony vortices are quite weak, that is to say, maximum wind speeds, usually found in

the southeasterlies, do not exceed 30 knots., 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 cam cause as much damage os the great typhoons.of the

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

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

|
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IM. -30,000 Ft Warm Core Low Aloft

y | |
A vortex that is intensifying affects the winds up to 40,000 feet and above, and if

a vortex should happen to form south of Majuro and move fo 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 stotes that the

right semi-circle of the storm is the most dongerous, both for air and sea transportation

and for the fixed installations. Bikini and Eniwetok are situated just north of the usual

summer frocks for the vortices, so that fest operations in the period August to October

ore subject to hexard. |

As mentioned earlier, there is a slight secsonal ttndency ‘in the weather of the

Marshall Islands ond this we are now’ in a position to evalucte., The three classes of

weather situations can occur in any one month of the year and any one may socceed any

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

amonths of duly and November than during the rest of the year. ( ‘Georgio’ was on ex-

ception that shows how unreliahle this rule is.) Similarly, the trode situation, while it

can occur af my fime of the year, is fo be expected more frequently during winter months.,

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

  



‘evel cyclone situation oppeors to hove little, if any, dependence on ‘season. , Because of
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its persistence “(up to 10 days), if must always be taken into account in planning any

operation ‘in the .northern Marshalls. -Thus, although Operation ‘Ivy was planned for the

fall when low level cyclones .were expected, the last part of October was dominatedby” yy

high level cyclones and one time it appeared as if this weather sitoation would .seriously

hamper the plans of. Task Force 132. ,

3., Meteorological Incompatability in Relation to Weapon Testing

It -Is probably safe in planning future weapon fests 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 post there has been o

@ fendency in planning the more complicated operations to assume that the wind systems ‘

aloft are associated only at randomwith cloud and-weather , For example, there have been

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., Aft the same time, :

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

out middle or upper cloud would prevail over an “area including Kwajalein and Eniwetok. ,

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

true that such conditions may occur at long intervals of time and for short periods; how-

ever, they will represent a transition from one fypical 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

such cerditions Love existed on past operations, notably on | Sandstone, , but they can be

regarded as lucky accidents, of short duration... The occurrence ‘of such accidents, and

the ability of meteorologists to forecast them, cannot be counted ‘on in planning operations.

Finally, it should be emphesized 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 association of wind systems with average cloud cover and pre-

cipitation., It is not possible to say that an individual cumulus cloud will be located

in :quéh- and such.@ spot et such and such atime, 24 hours. cheod | The average life-

time of a tropical cumulus of any magnitude ‘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 sate of dissipation of the tops, will all depend

on the micro-structure of the air - a problem in turbulence theory which is beyond the

power of any aerodynamist or meteorologist to forecost 24 hours before the event.. Pre-

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

 



 

okcurring within individual clouds., While .it fs possible to state something about the

likelihood of precipitation of this type in a given area, if is not possible to say whether

rain will fall on one or another of the Islets of an afoll,-nor to state the ‘exact time.

ef beginning and ending of individual 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

.
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impossible.

In summary, God did not design the tropical atmosphere to AEC specifications. ©

7oneqtj
    

 

ff

1) ha awl ob7

}

Oe

 



aee

eee. “IL THE DYNAHICS“OF BOMB CLC 5
~

No attempt Is mode In the following notes fo arrive af quantitative results. How-

ever, enough dota exist, espectally in the form of photographs of the clouds that form as

a result of nuclear explosions, fo enable a qualitative hypothesis to be constructed. The

hypothesis will be concerned with the manner In which the fireball ts fronsformed Into the

fomiliar mushroom cloud of past atomic tests. This topic has not Been the subject of

recent extended .reseorches, ond the principles upon which it Is usually discussed seem fo

be Inadequate to explain the mefeorological concomitonts of the initiation and growth of

the cloud, It oppecrs thot the fireball hos been treated as if It were a bubble of heated

gas, which it indeed Is, and thet the events subsequent to its formotion can be accounted

for by the rise of the ball, much cooled, but still as o bubble, moving upward under

buoyancy forces with little chonge in shape. Changes in shope actually observed have been

attributed to atmospheric turbulence resulting in’*entrainment"’of outside alr, in the form of

a wake stream. The speculctions odvonced here arise from the observation that the formas

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

under conditions of little wind sheor, for the phenomena to be entirely accounted for by tur-

Bulence theory. With the larger bombs, the Integrity of the otmospheric circulations 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 a detonation

af some distonce above ground and after the resulting fireball has reached its maximum exe

pansion. Within the region Imited by the wovefront of the shock wave, the Isobaric sur-

foces may be considered, except in the immedicte vicinity of the mass of heated gas, to

hove returned to approximately thelr normal catmospherle orientation, that ts, quasi-horizontal,

In standard meteorological texts on expression may be found which gives the acceleration

of the circulation around ony atmospheric path due to the so-called solenoidal field, Con-

sider the vertical paths through the fireball residual and the surrounding atmosphere, shown

   
 

 

 

  

in Figure 1. c

}

Figure 1; Acceleration of circulation

“Hourwitz, -B. Dynamic .Meteardogy. McGraw-Hill, New -York, 1941.
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_ ABC and DEF are tsobors whose values are, respectively, Py ond P, and such |
that P, > Py; AF, BE and CD are verticals, directed toword the center of the earth.
HC represents the circulation around any path, R Is the gas constant for dry ‘alr ond

16. ty represent the mean temperatures along the verticals AF, BE and CD,
Gent,then, neglecting the effect of the eorth’s rotation:

de Po
a = R(T - Ta) log P; Teinate ah,

"" ABEF |

d ~ = P

BCDE (2)A!

It Is clear thet. 1g > Ty ond Te >Ty The direction of the acceleration of the cite

culation around these paths is therefore “indicated by the orrows in Figure 1. In the

absence of wind, complete symmetry will exist, so that after a short time interval, a

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

 

 

 

Figure 2

“Entrainment” is thus seen fo be, not a disorderly mixing of environmental alr in

the wake of a bubble of heated gas, but rather, part of an ordered motion in which the

goses and the atmosphere form a complete system (see Figure 3). Theoretically, this

system should extend icterally behind the shock wove to infinite distunces; actually,

Josses of energy restrict its lateral extent, while cooling due to adiabotic expansion ond

rodiation Its vertical extent. Turbulence, also, will in time destroy the symmetry of
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‘cloud formation, there :is :surptlsingly little deformation, ‘especially :with :the .larger .de-

‘fonations. ,.

:the center of ‘the ring..

ascent; there will .also be .some fall-out of .farger particles. ‘However,

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

‘the central portions of the ring.

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

:
o
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"the ‘system .and .its :strict .torus form; :shear .in the :wind, -both horfzontal .and : vertical,

will deform and ultimately :destroy .the :circulation. , :However. during .the .early .stages of

—“~e

1. -The ‘stem should .bhecsndi :effect, ‘that :is, It will .be located :in .approxi-

mately .the .position of the .oxial :streamline :that .ends .at the ground .and passes .through

‘Radiooctive material, naturally, .can .be ‘carried :into :it as .a

result of the :citcuitous motion .of ‘the -bomb ‘material .around .the vortex ring during :its

“if the explosion

from :the .ground and not the result.of condensation :in.a aoist atmosphere, may not .reach

Qn the other hand, with some low level detonations, the

stem may pass completely ‘through the ring ond .be visible as .a plume protruding through

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

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

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

portly 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 .sfem, this

‘structure should consist of smooth laminations corresponding to the differences ‘in ‘wafer

:The stems of :large bombs

should appear different in structure from those of smalf ones.

2. The stems should in mony 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 at the time of explosion is cyclonic, the ‘stem should show a twist in the

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

served under anticcyclonic ‘shear ‘conditions. “This deduction :is based on simplifying

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

after the explosion are large in magnitude as they probably .cre, 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 ahead

of the ring (see Figure 3).. The effect of this movement should somztimes be visible,

more especially if a stuble moist layer lies .in the higher atmosphere. :Then .c cap

cloud similar to the pileus seen on many tropical cumulus, should be visible close to

but moving: aheod of .the vortex ring. |
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_ 4 Other things belng equal, the higher the tempercture of the fireball ond the —

gtecter its size, the greater will be the horizontal extent of the circulation. With the ~~ -~

berger bombs, provided they are exploded in an atmosphere with pronounced cyclonic

"shear, @ cyclonic ‘system of opproximately the size and ‘atensity of the weaker tropical -

depressions of the Marshall Islands could be set up. Whether such a 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, if most be said that the triggering of such a self-sustaining circulation is

The energy for the circulation would be derived, not from thetnot af all impossible.

Initially released in the fireball, but from the atmosphere, the energy source of tropical
-depressions and typhoons. Comparisan of the relative energy relecse of typhoons and

noclear (or thermonuclear) devices is therefore irrelevant.

BOMS MATERIAL CAP CLOUD

 

    

   

MOVEMENT

-VORTEX RIN

"SKIRT" FORMED
BY CONDENSATIO

 

IN UPPERMOST -

LAYERS.

STEM MATERIAL, CHIEFLY DUS
AND, DEBRIS

!

Figure 3: Cross-section showing morphology of a high level

cloud during ascent through an atmosphere relatively

dry in the lower layers.
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5. In a moist atmosphere and with lorge bombs. the whole of the re-

gion marked X in Figure ‘3 -up to -and -including ‘the ‘stem, ‘should fill -with many

‘cumulus ‘clouds ‘soon after ‘the ‘vortex ‘ring -has.-begun ‘to -ascend,

6. -The -cloud -will ‘ascend ‘until -if -regches -a ‘height -at ‘which ‘the -atmos-

pheric ‘stability ‘is ‘such as ‘to ‘oct as :a -“‘lid® through ‘which ‘the -yortex cing .@s

ia: whole cannot -ascend; -in -general -this -level -will -be -at or slightly ‘above -the

‘tropopause. On -reoching ‘this stable ‘level, the -vorfex -ring ‘and ‘its -attendont

‘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, -if -may -be -estimated ‘that ‘the -destructive ‘effect of ‘mixing .-will -be

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

‘tical -shear.

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

cline -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.

Hf the -"!lid? -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 -stratosphere ‘os -a ‘narrow -* ‘plume’ -before

‘decelerating -fo -zero ‘vertical ‘velocity ‘(see ‘Figure -4).
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    A: Streamlize pattern at maximum development. Plume may

continues upward after remainder of circulation is decelerating.
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B: Cloud consisting of bomb material, debris, condensed steam and condensed

atmospheric water vapor corresponding to streamline pattern above in A.

Figure 4: Large Yield, Maximum Development - . i
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lil.- EVIDENCE FROM HIGH YIELD DETONATIONS-

1.: The Eniwetok Atmosphere,.MIKE Day*

The general ‘susceptibility of the ‘atmosphere ‘to convection is iluse

‘trated ‘by the reports of comulus and fowering cumulus ‘clouds at both Eniwetok

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 observed near 10.000 feet, trapped below a relatively stable layer.

The clouds reported at this level show some of the effects of the low stability

(altocumulus characteristics) and some of the effects of being frapped at a level

(alfostratus characteristics). One of the cloud types reported at Kwajalein indi-

cafed alfocumulus ‘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 faye: from 25000 to 29.000 feet the rising

ais 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 a maximum

for the sounding.

This segion. similar to the one at 10,000 feet. was topped by a.

stable laye:. This means that some of the tising ait mixed with the environ-

ment of the unstable layer and spread Icterally below the stable layer. Here,

the process did not lead to extensive cloudiness since the environmenthowever.

Any fragments of the cumulus cloudswes quite dry and the mixture unsaturated,

that broke away from primasy convection cells at this altitude-quickly evaporated.

The air rising from the su:foce in the convection cells which attained

great height would have reached an equilib:ium 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, Because of this mixing. the equilibrium level

was reduced somewhat. The presence of crtrus and cirrostratus clouds at 35.000

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

* Exteact from an analysis made by LCDR Williom J. Kotsch. USN attoched to
JTF 132 Weather Cential during MIKE
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“as evidence of this fact. since they likely derived from the spreading out of the upper

, portion of cumulonimbus formations.

2. MIKE Weatherin vicinity of Zero, 0640 - 0700 (L)*

**The personnel in the WB-29 informed me that there were only scattered low

clouds in fhe vicinity of the atoll. whose bases were estimated near 1800 feet and whose

averoge fops were estimated to be near 4,000 feet. I was also informed that “‘one or

two” low clouds fo the southwest of the afoll exfended fo an estimated maximum height

of about 7 or 8 000 feet. Iwas further informed thot only a few scattered middle clouds

.
—s\

were observed in the vicinity of the atoll and also as far as the personnel aboard the

’ alrcraft 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 "‘Point X* or in the general vicinity of the afoll. -

~~ The wind at 1,500 feet was reported to be 110 degrees- 12 of 14 knots. On several oc-

casions, the terminology **practically clear ** was used 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 a distance of 3] miles ona

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-risen; 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. relatively dark shell (orange in color as

seen through the goggles). the whole being enclosed in an outer, very bright shell which

was the limiting segion of the fireball,

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

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

weapons tested during Greenhouse.

* Extract from radio report 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 horizontally and becametrans

formed into a fiery and exceedingly turbulent columnar cloud, losing its quasi-spherical

form soon after the ascent began. | thought | saw a small secondary explosion in the

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

immediately ofter this secondary detonation. A Ly

The *doughnut* or ‘smoke ting was then formed, without much slockening in the

rate of ascent, | estimated that the mushroom cloud reached the tropopause within H

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

companied by a tremendous lateral spreading many times faster 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 cloud and moved upward with it from the

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

than I mile in diometer and perfectly vertical, it seemed fo be very turbulent but was

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

and the stem expandedJaterally to a diameter of 10 miles. At maximum and before de-

formation. if presented a'very smooth appearance like a pile of inverted saucers of

different diameters, stacked one upon the other. The only natural cloud resembling the

stem af this time is the vertically stocked alfocumulus lenticularis seen over and near

high mountains during foehn periods. | have seen clouds like the stem over the Sierras

in California, and the Southern Alps in New Zealand and | have seen photographs taken

in Sardinia of similar structures associated with the Alps. There is no doubt in my mind

that the smooth stem is a surround formed about the nar-ow turbulent initial stem by

condensation in atside 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 ’’saucers”’ are the sesult of variations in moisture content in the atmos-

pheric layers partaking in the motion upward through the middle of the vortex ring. It

may be assumedthat 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 mogitude greater than that in any p:evious detonation. At the point

where the stem joined the head several large skirts formed toward the end of the as-

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

30000feet.

In contrast to the broad stem the head 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 compaving notes with other observers. 1

It still presented a

posite side of this cloud) into cirrus.

om convinced that the mushroom cloud remained below the tropopause throughout the

period of its expansion 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 if (consisting largely of condensation

‘ In entrained air. condensed steam from the sea surface and coral and other debris from

the destroyed Islands). There is indirect evidence that the initial central turbulent pil-__ .

lar pierced the tropopause at obout 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 expansion 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, if had in all appec:ances ceased and the mush-

room cloudat 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 cloud occurred ot H plus 6 minutes. Dark trails were seen descend:

Ing from it in the ‘vicinity of the stem. I suggest that these trails consisted largely of

mud and rain. The first rainbow was seen below the top and to the Jeff 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. . oe

After H plus 15 minutes. the intrinsic cloud motions having virtually 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 Independentof the wind. the explo-

sion having set up its own local symmetrical ci-culation ove: an area af least 65 miles

in diameter. The mushroom cloud during the period of deformation was transformed

into a densesheet of altostratus topped by cirrus. Many cumulus shower clouds formed

beneath it, penetrating it in places: rain also continued to fall from the altostratus but

much of if was in the form of virga. The deterioration of the local weather prevented useful

observation of the cloud after H plus 1} hou: 30 minutes.

At sunset, the weather having improved considerably, opportunity again occurred

of observing distant and high parts of the cloud. The sky color from 10 to 25 minutes

after sunset was extraordinarily brilliant. Low in the west there appeared a chevron-

shaped. brilliantly illuminated tenuous cloud which | suspect. since it was higher than

natural cirrus in the vicinity. lay in the st:atosphere. The tentative suggestion may be

made that it was derived from a narrow filament that pierced 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 detonation ofKING ‘were

more spectacular ‘than ‘those produced ‘by MIKE. _

a AtmosphericStability - _ Ty

‘While surface ‘and lower level observations ‘indicated great ‘stability, :a'mare de-

‘tailed analysis oftemperature. ‘humidity andwind data‘aloft showedthe gseat susceptibility

ofthe KING ‘atmosphere ‘to'convection. ‘In‘fact.highe: energy release ‘through the ‘conden-

‘sation process ‘was ‘available during KING ‘than ‘MIKE. ibeing-on the order -of :28'x 106 ‘ergs

per-gram ofait "ising tothe level-of:zero ‘buoyancy.

‘bh. :Pre-shat-Weather. :Eniwetok Atoll

16 November'was ‘abnormallyicleat..:with:2/10'~:3/10°flat'comulus, typical ofa

TO fresh-trade outbseak. ‘Visibttity:was quitethigh, pilot-sepo:ts‘indicated'no obstructions

‘to'visibility In:onydivection'fo::hund:eds -of miles. - °

‘ec. -KING ‘Detonation | ;

KING was:‘dropped cn‘schedule. -and-detcnated ove: zero point (Runit Island)

-:af.app:oximately 1130:(M), 16-Novembes. : oe

One ofthe -immediate:results ofthe:defonation ‘was ‘the rapid evapozarion of

cloud over a wide asea ‘at-least:seven miles ‘in‘:adius. This evaporation process was

produced ‘by thermal -sadsation ‘from the fireball -and:notiby psessuse changes ‘associated

‘with passuge ofthe:blast wave,

‘An:almost perfectly symmetrical tosus ‘sing formed ina short-time :ond:z0se

rapidly:to-the tropopause. “As in‘the'cose of MIKE. ‘the visual impression was that of:e

“splash’’, the canopy sp:eadsapidly.and, within aboutfifteen minutes, :was esiimated to

-be.chout thirtysfive miles :tn-diameter. ‘The p:edominaje cloud fo:m visible on the:bottom

  

a

- port ofthe canopy was mammoato-cumulus indicating extieme ru: bulence within the mush-

‘oom, ‘The bottom ofthe canopy :eventually lowezed as :the induced ci:culation continued

i ‘until there was.a:ciius overcast.at.cbout 35.000 feet. Late: this cloud .deck continued

‘ 12 to lower, producing viiga trails. degenesating slowly-as ét lowe:ed tnso alrocumulus ond

* | altostratus. .and eventually-dissipated:by:late.afre:noon. The uppers past of the ciszus

4h it eck pets{stedthroughout :the day. °

; at ( ‘KING -was:a‘speéctaculo: produce: .of “home-made’’-wearhe:. Although:no sain

r : ; showers were observed within.a.sadius of .at least one hund.ed miles of Eniwetok just

, ‘ ot | priot to shot*. scafte:ed showe:s.were observed on the USS ESTES about ten minures

i. .after observation .and scatte:ed pseciptiation was obse:ved in all quad.ants (especially

: . [ to SE and SW) duting the :emainder.of the day.

‘f i re * voz P2V..and ship observations

A - rt ‘
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5. Summary of Important Dimensions and Observations. MIKE and KING

‘Considerable 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 large to permit measurementfrom finite distances. For Instance;*

the elevation angle on the MIKE canopy exceeded 90° within seven minutes, All con-

clusions, therefore, have a strong subjective element which cannot be eliminated. The

following dimensions have been atrived at by discussion between experienced observers

present during both detonations and verified to a reasonable extent by photo-inferpreta- Xx

tion. In the case.of MIKE. the high altitude reached by the plume is verified to some | \

extent by post-sunset observations of the cloud in the stratosphere. This same obser- |” ‘

vation also appears to establish that the mushroom didpenetrate the stratosphere 4ip?

any finite extent. i?

a. Size of Cloud at Maximum Development-

MIKE. KING -

~

Diameter of Canopy 75 miles 35 miles

Diameter .of Stem. near base 10.miles 3 wiles °

Top of Canopy , 60000 ft 60,000 ft

Base of Canopy < 40.000 f < 40.000 fr

Top of Plume 730. 000 ft (?) no evidence

Diameter of Plume 4 miles (7) no evidence

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

MIKE. 80 miles

KING. 40 miles

c- Evidence for Vortex Ring Circulation in Upper: Troposphere

(See photographs)

d. Evidence for Altostratus Formation in Vicinity of Stem.

(See photographs)

e. Evidence for Cumulus and Shower Formation

Numerous eyewitness accounts from surface and airborne obse’vers, numerous

photographs.

{f. Evidence for Extreme Tubulence in Canopy:

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

at least thirty minutes after formatson.

g. Evidence fo: Secondary Nature of Stem

(See photographs)

 

 

    
 

  



 

h. Evidence of the Opacity fo Radar Waves of the Stem and Mushroom

(1) ‘The MIKE stem obscured all aircraft targets ‘behind it,

(2) Experience with similar cloud of high water content and thickness indie =~. __

cates thata radar wave would have been unable to penetrate the canopy (or mushroom).

6. Photographs

Introduction:

There.ase sevetal impostant points which should be kept in mind in connection

with the photographs appearing inthis section of the repost.

, (1) ‘The precise location ofthe ai:craff:‘is ‘unknown. Best-info:mation ‘indi-

‘cates ‘that-all of the pictures conce:ning MIKE -were taken from-on altitude of 13.000

feet-and-at distances ‘which ‘varied -from'50 ‘to :70 miles.

(2) ‘The time of each picture -is-also:not:known ‘with precision.

(3) ‘The-size ofthe MIKE ‘cloud precludes -real-oppreciation -fo: the dimensions

‘and ‘effects,

(4) ‘Becouse of distances ‘involved, optical ‘conve:gence can‘result:in-erroneous

‘conclusions ‘with ‘respect ‘to ‘cloud amounts. ‘Intezpsetationof-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.

Altitude 11,000 feet, distance about 60 miles. Seattered to broken

stratus below aircraft at about 10,000 ‘feet, intermediate ‘cloud decks in

foreground at about 17,000 feet ‘from which light precipitation is begin-

‘ning to ‘fall, Formation of ‘condensation ‘‘‘skirt’’ -at ‘base ‘of -mushroom

shows high ‘moisture ‘content at this level, Outer portion of ‘‘skirt’* ‘is

 

showing -definite streamlines of .torus ‘ring circulation.
‘

25. 
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CONTINUED DEVELOPMENT OF MIKE CLOUD

About twenty seconds after proceeding photograph, .MIKE -cloud -has :

assumed -a -definite -torus -ring -circulation, -with condensation .<'skist’.low-

ering. -Note -steep slope of streamlines immediately .below “mushroom,

compared .to shollower slope .at ‘lower levels. Appearance .of .mammato

cumulus. in .base .of .mushioom indicates .extreme -turbulence. Some

growth tn cumulus .to right .of stem has .begun, .and some -dissipation

of stratus deck .in foreground is. also apparent.

not yet reached the base of the stratosphere.
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Top of cloud has

   

The mushroom is about twenty-five miles in diameter.
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(tl! GONTINUED DEVELOPMENT OF MIKE CLOUD

About 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 circulation. Mammato

cumulus is elearly apparent beneath the mushroom; cumulus clouds In

vicinity are building 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 "’splashed'' against the base of the stratosphere

about six minutes after detonation. One of ‘the most significant de-

toils in this photograph Is the appearance of the “‘plume’’ above the

laterally spreading canopy. Theoretical analysis of bomb clouds (see

Section I!) would Indicate that most ‘of the ‘radioactive ‘debris ‘would

be contained in this “Splume’’. Results of the cloud sampling pro-

gram would tend to establish this ‘conclusion, and Indicate a funda-

mental operational diffleulty. |

The canopy {s ‘now approaching Its maximum dimension, some

seventy fo eighty miles in diameter. Stratus ‘clouds in ‘foreground

cre almost completely dissipated, and ‘cumulus ‘continues ‘to Increase

in height ‘under influence of ‘the ‘induced ‘circulation.
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IV. EVIDENCE FROM LOW YIELD DETONATION”

FollowIng:data.including.sketch.and illustration.weze obtained.by analysis.of

photogrophs.of smoke puffs In connection-with Tumbler 3. ...

Movement.of the smoke puffs clearly.troced.the:streamline.motion tn the surrounding—

ait mass-directly connected.with the.formation.of the Torus Ring. ‘Initial horizontal

velocity.ofburst.no. 1.was 200 feet.per second with.averoge.velocity.of 100 feet per

second, The initial velocity.of.burst.na2..which was at a gteater horizontal distance

from the detonation point, was 100 feet per second, The.averoge.velocity.was 65

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

* Extracts.from a private communication.from Danrel F. Seacord Js. Los

Alames Scientific Laboratory.
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