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F. B. Forzel, Program 6 (Norv. 22, 1952)

$4 66-767
PURPOSE OF TESTS > vb # 7¥8

With due regard for the preliminary nature of teste results to date, it

{is useful and probably Justified to draw some tentative conclusions. ‘The

7 interest in blast on Operation Ivy falls into three phases, which formed

the framevork of Program 6,
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Firat, Decnaseof the large aize of the veapon, the earth's atuonyhere

3 3 : canno longer be consideredhoangeneous in stulyingits blast hyrodynunics.

On the scale of these boubs, particularly MIKE, at pressures of practical

& interest, the bosbwasLiterally burst inarelatively thin lejer of air at J
a> ee,

eeesurfaces.meet of tho blast wavepropagatedin anearvacuum at

highaltitede vherescund velocitiesarelow andvindsare highsodvariable.

In addition, largescale) attervinds|from theriseofthe MIKEfivebell were
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The reduction in ;ressures from surface effects on MIKE were not expected to

be serious, and to approach ideal pressures and wave forms. On KI, separate

blast lines were cotablished to compare wave forms and pressures over both

land and water surfaces.

A third phase of Program 6 involved studies of phenomena such as water

waves produced by the explosion, crater sise, energy absorption by ground

and ground accelerations, which were of considerable interest because of

the lerge change ‘in scale of the MIKE weapon.

It is of interest to note that energy-wise MIKE Shot involved a change

of scaling in the same ratio to nominal atomic weapons, as those veapons

stood to the large high explosive boabe used in World War IJ, and sgain as

these stand to “suall charges”, i.e., there is the one thousand~-fold change

of scale in

12 Mf: 12 XT: 12 tons (THT): 2h ide. (THE)

Despite this change of sacele, no doubt was cast upon the basic validity of the

wl/3 scaling law, as it applied to the basic framework of the blast ware. The

questions of scaling are concerned only with the failure of its perturbations

to scale. As such, the data fromMIKE or XING Shots eannot be scaled directly

4ma sixple fasion vithout considering the ceuses for failure of scaling listed

above in the three types of perturbetions.

I - XOKE SHOT

Meequresents BEST AVA'LABLE COPY
Discussion of preliminary fireball analysis is presented in preliminary

reports of Program 3, from whieh the yield te estimted as i2 /1... ‘the

firedall analysis is of interest here because it shows that there is little which

is unusual during the early history of the blast wave, and because it is funda-
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mentally a blast measurement. The rate of grovth curve is iteelf diagnostic; ao 4

it shows a predominance of the rediative phase over mass effect during the oe
early growth, und is characteristic of a bomb of very high yield to mss re

ratio; this was expected because 600 tons of structure around MIKE, compares ag

to only 1200 lbs. around a 12 KT veapon. As expectéd, the energy transfer

to the ground vas very small, no large abnormalities were introduced because

of proximity to the surface, ‘The shock wave wes clear and essentially syn- od

metxical. There is no reason to suspect scaling does not spply, because, for 24

the first time on any operation, the “fireball yield" was determined on an

absolute, instead of relative, basis, using an analytic solution only recently

developed. The saue solution had given good agreement with radiochentstry

when applied to bombs of previcus operations.

As shown below, the fireball yield is consistent with the interpretation

of hydrodynamic data appearing below, so that even if the fireball yield is

in eventual disagrienent with redicchemistry yields, the fireball yield will

ve necessary for interpretation of hyttrodynamic data.

on, Inhomogensity,Aftervinds BEST AYAILASLE COPY
Pertinent measurements were wade by Sandia Corporation in Project 6.1 -

“Pressure Time”, and 6.3 - “Bhock Winds and Aftervinds"; by Los Alamos Scien-

tific Laboratory in Project 6.2 - “Air Mass Motion Studies", and Project 6.3 -

"Afterwinis") by Wright Air Development Center in Project 6.10 - “Tree Air |

Pressure, Manned Aircraft”; and by Air Force Cambridge Research Center in La

Project 6.11 - “Free Air Pressure, Parachute Cannisters". Preliminary con-

cluaions drewn here from test results are based on comparison with the predic-~

tions under ideal conditions, in Annex A, J-12372, “Report of Evacuation Plans | E

Conference".

SNL.
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Peak pressurve measured by Sandia Corporation are ehown in Tadle I, in

comparison with the predicted pressures from 12 MT for an ideal surface and

homogeneous atmosphere. Pressure is essentially up to the ideal value at

the closest distances, but are markedly reduced at long distances. On the

 

basis of peak pressure, the apparent yield diminishes frou about 10.5 Mf

at Engebi to less than 1 MY on Farry. Also, Bandia Corporation reports fast

rise times in the pressure wave at the 23.6 pel level on Engebi; fast rise

times as far out as Acmon (2.75 pei). Successively longer rise times occur

at lng distance, BEST AVAILABLE COPY
ey
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Theoretion. Pressure Measured =Appareat

lu eet gempietiedoret,O
Enged’, 26,000 26 23.6 10.3 ;

Mozin =< 92, 500 wv 3 9.3

Aiton 36,500 5. 367 6.8

Aceon, 47,500 3.5 2.75 6.8

Banit 73,000 1.85 1.32 5.7
Perry 114,000 1.1 a 0.6

kates 186,000 A Cad 1.0

As expected, these requlta are distinctly different from DusterTsbler

results, vhich ginerallybedslovrise tines and pressures,which were « factor

of 2 or more below ideal at highpressures, but which hed sharp rise tines and

close to ideal wilues at lowpressures, The results on MIKEare reasonable;

ab highpresiirée’‘andoverdiol surface, thepressures andware forms are

in fact ideal. At longer distences, the atmospheric effects apparently do

result ia a marked attenuationofpeak proeeures. Further, at Long distances,

 



i

 

1100

one perhaps observed a different type of degradation, as the blast weve rE

passed from “shock” to sonic amplitudes. When the shock wave becomes very 3

week, ite velocity as well as sound velocity behind it approaches ambient

sound velocity. If the wave form is perturbed, because of either surface

or atmospheric effects, it is virtually impossible for the wave to "shock up’ S

again, hence the long rise times vhich appear at Runit and Parry. F

Further data will de available from mass motion studies, afterwind E

studies and cannister ea<aT avaAILABLE COPY 4

fines of arrival are available from Sandia Corporation's mesurenents 4

in Project 6.1, and from measurements aboard the Estes by Cowan ani Reines ' z

(altimeter and stop-watch) and by England (Wiancko gauge with brush recorder). :,

The difference in tine between sheck arrival and the computed arrival of 's E

scan’ wave furnish a rough estimate of yield and some insight into the hyéro- i

A theoretical, tine of arrival curve consistent with the theoretical yeak .

pressure - distence curve of Table I is available from a machine calculation :

of tha blast wave. This shows small, if at all, significant differences from E

the tineof arrival curve of Figure 7, J-19372, which was calculated originally

from early tests of ataxio weapons. Based on the theoretical curve and com

puted sound velooity at the surface, the apparent yielés are:

Sound fhock ‘
Distance Velocity Arrival Tine

locstion «=—-s«=L(Feet), (vs) (Secomis}) Differences W_(0)
Eates 18%,000 30 14.9 19.0 10.3.
Parry tee 4396 85.3 we a
Runit > j 51.2 ‘ .
Aomon. 47,600 ask 28.76 13.3 10.0
Aitsu 36,700 Liss 19.35 13.3 12.5
Masin £1,400 List 8.7 10.35 9
Rngedi 15,900 1125 9.3 3 8.5
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The resulte are of interest because they tend to confirm the high yield

ahown by the fireball. However, it is a reasonable question what the ef-

fective sound velocity really is; at ground distances like 100,000 feet

the velocity at the “surface” 1s a microscopic detail, the shock propags-

tion is controlled by sound velocities at many thousands of fest. At al-

tidude, the temperatures and wind velocities were such as to decrease the

apparent sound velocity, increase the time difference and therefore spperent

yield. For example, if at the dates (168,000 feet) sound velocity is taken

as 1194 feet instead of 1130, to compensate for a 17 knot wind which was

present from altitades of 2000 feet to 9000 feet, the acoustic time raises

from 162.9 to 164.8 seconmis, the time difference raises to 15,9 seconds,

and the apparent yield to about 12 MI. The sane value of sound relocity

cecurs for an ambient temperature of 23°C, compared with 27°C as measured

at the surface, oe 18.8°C a9 measured at 5000 feet. Sound velocity st the

surface has meaning, only a6 related to the peak pressure as mangured at the

surface, At the high pressures and velocity, the interactions buhind the
shock wave and very repid and « low “averege axbient” sound velocity say at

5000 feet, my quiekly affect the shock velocities at distances like 15,000

feat, where pressures and velocities are still high. At large distances the

yosk yeessures mangured at the surface are already low, presumbly becawe of

atmospherics effects, the shock arrival times will be later, the apparent yield

etill scmevhat consistently amall, Here again, the atmospheric effect is pro-

bebly the significant factor, In all this, the theoretioal curves may be in ;

error, of course, but if so, the close-in values of pressures would be encual- :

ously high. BEST AVAILABLE COPY i

Positive durations reported by Sandia Corporation are mich longer than :

predicted, and would iodtonte abnormally high yields, This result again my :

SNL
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de due to the low sound velocity at high altitudes, where the pressure

wave may lay behind its corresponding part at the surface, and tend to

support the interice of the wave, near the end of the positive phase.

The normal lapee rate of temperature with altitudes on MIKE, is not unlike

the thermal effect, observed for high heights of burat) in a sense it results

in similer precursor setion at the surface, which also tends to lengthen the

positive phase.

Effects
Pertinent measuremeats were made by the projectslisted above, and in

particular, by Sandia Corpcration in Projects 6.3, and by LASL in the photo-

graphy for 6.2, in 6,3, and in Project 6.9 - “Bete Densitoneter". |
The fast rise time obtained by Santia Corporation at Bngebdi is remarkable

because it may be the sharpest rise time ever cbeerved st this pressure level

on an stonie bend. Qne veeulis that the sharp rise tine at high pressures

over ifeal surfaces is a theowetical prediction, despite Greenhouse-Ruster-

Tumbler reealte. ‘This gauge was near the shore on Ingebi, vith « comsiéer-

able run of vater between it and the boab. Another gauge inground baffle,

placed by Sandia near the GCE structure cm Engebdi, several thousand sect in-

land, give caly 9jet anda poor wave fern, to be compared with 16pet obtained

by interpolation between their sessurements at Ingebi and Mutit, or18 yet as

predicted for 1deal surface asd hasogeeces ataceybere. Reflected pressures

messured on the structure were shout 96 pei, a reastnehMlysimil redintion be-

low AS pet expectel frou nowmal reflection of a 16 pat shock, or52 pei as ex-

pected from normal reflestion of an18pei sheck. ‘Prom,these régiite coeinfers

that a surface effuct wee probably present nband on Ingabi, butnotnear the

shore, 289av .
20) AVAILABLE COPY SND
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Photography on the aase motion cameras showed pronounced pre-shock dust

 

on Engebi, about four miles distance from sero. This is a reascusble thermal

effect; despite the initially zero height of burst, the redius of the fire- ;

ball was in the onfer of 1 mile at this time; it probably hed alrendy risen a

to sufficient height to provide an appreciable angle of incidence for therml

radiation on the ground.

  

A beta densitometer trace from Kirinion shows enormous dust~-losading of

the shock wave, but no prre-shock dust-loading., By itself, the shock wave

density would be about 1.40 tines normal air density at this pressure level;

 

this record shows that the density reached a maximm of 8.0 tines norm)

 

eeveral seconés after shock arrival. It suggests even worse dust-loading

 

than usually cbeerved om atom bombs, perhaps due to the failure of gravity |

to seale in such long duration blast waves. :
Canbeiige Research Center reports fast rise tines in free air. This is 4

egsin consistent with the theory of surface effects, which predicted that
the rise times should be fast in the absence of s surface perturbation.

sation |
3 Pertinent menguremente were made by LASL in 6.40 - “Water Waves, Shallow”

and Scrippe Institute Project 6.4 ~ “Sen Waven"; by Bureau of Ebips, Project

6.7Ta - “Underwater Pressures, Seep", and Sandia Corporation in Project 6.7b -

“Underwater Pressures on Reef", Bo quantitative results are yet available.

Predictions for wive heights are contained in J-9543 by George White, "Scaling

Yor Surface Explosiona in Sbalicw Water", (1AS1). |

Bakery of LASL reports a perceptible wave in the order of a foot near Parry,

and & few feet nesy Ronit. These resulte are in reasonable agreement with the
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predictions by White. Due to damage to the camera no record wes cbtained on 4

me’ BEST AVAILABLE COPY SNI i
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i Visual inspection suggests that an appreciable wive washed over Ingsbi, :

‘ closer ialands wern surely inundated, and it is even possible that parts of

Kirinian were washed. During @ damage survey on M/ 2, I was foreibly struck :.

‘ by the peculiar shuenee of burned vegetation om Engedi, Surely the thermal Ee

: charring was very cevere, as in the case of a wooden raft just off shore. ng

Bonetholess, no blackened vegetation wes visible on Engebiy the upper brush a

: was scorched, but grass was visibly green at its bese. This seems moet res-

| wave action, long after the blast and thermal effects. More direct evidence f

3 was obtained later on during another inspection trip. Project 6.2 had 10 AA _

4 guns om the east end of Ingebi, just off shore, where the island is unusually e

high, about 7 feet, above the lagoon. Mere driftwood wee found lodged in the 2

3 gun mechaniams, scue 7 feet above ground. Also, one gum had been amshed as

’ from several feet above ground by a large boulder, several feet across; broken E

g parte of this doulier were lying on the gun platforn. 1% seems that only 8 :

; large wave, greater then 15 fect high, could have yrodeced these effects. On

‘ the fax end of Ingubi, avay from the bomb, gravel was deposited around test

{ inetalliations, and growad vines were pulled in a way typical of wave action.

: The most striking «videnes of wmves cos Rngedi was present on the OCE strue-

: ‘+are; oneteetion cf this, faeing the bisat, was made of corrugated iroa, vith

3 the chanséls running horisontally. Deposited on these leéges and plastered on

i the wil, wes a mixture of flotecom, sand and fine organic debris, which cer-

q tainly looks like wave work. This material wes deposited to within several

a feet of the top of this 3) foot structure. It would bevery difficult to as-

a eribe all. these effects to blast winds Ogle makes a reasopable silternative

BEST AYAILASLE COPY
Gu Pate
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GroundAcqeleretioqns

Pertinent measurements were taken by Sandia Corporation, Project 6.5 - FE

 

“Ground Motion, Saisaic”", and later through measurements of the orater. Cox

of Sandia reports only amall earth accelerations at Ingedi.

Considerable conjecture arosefrom the possibility of a structural col-

lapee of the atoll) on MIKE shot, because geologic investigations by LASL

  

(H.X, Stephenson) and Scripps Inetitute bad shown the rock structure to be

weak; @ structural. collapse might have resulted in a tsunane of destructive

 

magnitude. A rough quantitative prediction wes contained in a manoranium,

"042 Preesures and Soergy Transfer on Mike Shot", October 10, 1952, Porsel

to William E. Ogio, from vhich one expected a crater approximately 10 neters

deep for 5 Mf or adout 14 metera for a 12 NF explosion, assuming » geologic

structure as strong as the shot island for George shot during Greenhouse.

Tt aleo showed the smali, possibility of breaking the rock structure to depths

Like 300 meters, which might then subside into the oceaa, but not of serious

consequence. BESTAVAILABLE COPY
Mo large scale failure of the atoll occurred. A preliminary serial sur-

voy waa made by Ogle just after shot time) he reports isolated turbid regions

of water at distances great enough to suggest the "squeezing cut" of sand

through fissuresin the cereal sheath of the atoll. An serial survey two days

later by Forsel and Reines suggested thet the crater was still sifting because

sharp demrcations of turbid water ware still visible, which long since should

have 4iffused away if they had started at sero time. The crater sppeared to

be 4500 feet across. On the cosan side, the original reef had extended about .

h000 feet from the shot islands no chancel was broken through between ocean and s

lagoon. ‘The reef’ saterial is markedly different now than before the shot, as ,

in the lip of @ ground crater, but here it bee been broken up by wave action.
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About M/s Cowan reached the water above the submerged crater and obtained

soundings showing a depth of 14 fathoms, oF approximately 25 meters. Several .

  
weeks after shot time, the crater was surveyed by Holmes and Jarver, but the c

3 date vere not worked up at the time of writing. ‘The crater width ws sub- :
3 stantially es mentioned above, but a maxima depth of 150 feet was recorded z.
3 near the sero point. »
¢ It seems a reasonable conjecture that the crater depth dose scale within 2

cs the gross uncertainties of geologic structure which, in thesselves, probably &

a affect the deyth by factors of 3 or more, ‘The rock structure was sonevhat -

‘ weaker ca Klugelab than on Reiriru, and was broken to s considerable depth, <

which may not stabilise for scuetine ~ perhaps weeks cr months.

 

See

Firetel),Mesguremnts
Ghe anslytie eclution was agylied to date. from an early Mastuan filn

a taken by W580; daved on Fussel’s neasurements, the yield was computed as

a 580 Mf. Detatis of the fireball metserements are given inOgle's prelinin-

a ary report, wer Progam 3. BEST AVAILABLE COPY
i theKOK wenyon will providean ideel case for stuty of fireball growth,

q aperior¢ven to Iuster~Insy 08 Tabler Bo.4, As predicted in 14-121, :

3 and sdeequent papers, tads rate ofgrovth involves considerable sxcunt of :

, fine structure, Gee to the early radiative phase, the masseffect of the boub é

a end variations in gaunai). Onmost weapons, the mass effect surface irrega- ;

= laxities of thefirgballresultinmengured ecatter, which tenis to cbecure E

a thefine structures. Earlyinepection of the KINOftrebalicurve indicates 7

3 that, becmupe of the very high yieldto mssratio, the fireball 1s extremely P

q regular, and scatter of meneuresents sufficiently smell, that fine details in a

SNL :
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the rate of growth may be readily apparent. As such, it can greatly aid

in establishing the basic hydrodynamics of the blast wave on a firm empirical

pasis.

SydrodynauteYields
Some quick estimutes of yield were made on K-Day using hydrodynemic .

measurements from Parry, which are reported in Appendix B of the KI Shot

Cursory Report. These results are of interest here because of their hydro-

dymate implication. BEST AYAILABLE COPY :
Based on the thecretical predicted values for homogeneous sedia, and

tine of arrival neasuresants at the Parry Compound and Sandia Corporation's

station, the inilcosted tonmges from KITE) were in the order of 520 KT and

500 EY. This low value, as compared with the fireball yield, is reasonable =;

and consistent with the experiences om MIX™. It is probably the result of

long range atacapberic inhomogeneity of the atmosphere.

Based agaiz; on the theoretical curves, and Sandia's measureoent of the

blast wave at Parry, the indicated yield is about 850 EK; this is to be com

pared with = predicted value of 3.9 seconds for 500 K¥. ‘This again is con-

sistent with experience on MIKE, with the possibilities being: atnospheric

refraction effects, reinforcemmt of the shock wave by thermal radiation,

and an experimmtal tendency to read long becanse of hysteresis wffect oa

the gauge, or the flat pressure-time curve on long duration waves.

fandiaCorporation measured a peak pressure of 0.36 pei on Parry, in

comparison with 0.7 pet for an ideal surface and homogeneous mediuny 0.45 psi

as predicted from a rough estimate of the refraction effect, based on MIKX;

or finslly about 6.1 pei, which vould be indicated by straight sealing froa

MIXE. Curiously enough, this is exactly the same pressure observed on Parry

from NIKE, and prectionlly the same ag the 0.35 pei observe’ on Farry from

SNL
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Greenhouse-Dog Shot. The rise time on KING was, however, much faster than

for MIKE. As in the case of MIKE, this reduction in peak pressure appears

to be a refraction effect; the measurement is of little or no value for

determining a yield quickly. :

: Surface Kffects :

2 Qf the several laboratories particppating in blast measurements on ie

- KTaO, only preliminary data from Sandia Corporation are available at the :

present time. Nonetheless, their results seem clear enough to justify ‘

ecae conclusions. BEST AYAILASLE COPY
In caver to compare the blast wave over relatively ideal and a rela- ;

tively poor surface, two blast lines were instrumented by Sandia, one Lins s

4 over water on the subwirged reef, the other line through the center of Aunit. | :

It was expected that the rise tines would de fast over water, ani pressures :

close to ideal; the rise times would be alow over land, and the "therml” .

a curves of LA-1406 be applicadle. Preliminary readings of Sandia's pressure- :.

a time recorés amply confiraed this prediction. On water stations spproxi- ‘

3 - mmtely 5500 feet and 6500 feet fron sero, the pressures are. nearly ideal,

i: with fast rise tines) on the other hand, an even more distent land station,

3 about 7450 feet, had @ very long rise time, and peek pressure cocsiderably |

= below ideal values”. ‘he Ivy test is then the logical ecupletion of the ’
i 7 Duster-Tusbler-Ivy series, al) of which amply confirm the theory of surface :

x 7 effects proposed in bbwWh06 and other payers during the past year’. :

aa * Meanwhile, these records have been more carefully exmmined by Sendia.

ee Cox xeparts the seme general conclusion, “the rise times are faster, and

a6 the pressures higher over vater than over land",
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The yredicted time of arrivel curve was amply verified in « novel manner

on KING shot. Due to « failure of several cameras used to establish the

§ actual burst coordinates, there was considereble interest in confirming the

coordinates subsequently established hy other cameres. The time of arrival

} measurements by Sandia over two blast lines furnished such @ confirmetion,

4 and accordingly, a “predicted” tine of arrival va. horizontal distance curve

4 was deduced by mmerical integration, using the hatght of burst curves fron

3 LA-1N06, ite tine of arrival for free air, the fireball yield, and the in-

3 tended height of burst. With this curve, and the observed time of arrival,

3 the burst position could be plotted as lying on a circle about cach station.

3 Yrom the intersection of these circles, from various stations, the actual

rf position could be plotted, ‘the method is af course poor, because the arcs

; of the circles are nearly paraliel, and an extremely high degree of accuracy |

; is regrired in the time of arrival curve. Monetheless, the burst position,

’ as plotted from tine of arrival, in in excellent agreement vith the burst

2 position from surveying cameras. Conversely, it also means that the pre-

dicted time of arrival curve will be confirwed as closely as cme can read

  

   
. the graphs. This agreensnt is further gratifying because the prediction

z involved the height af burst curves, and because of the fundamental nature
* 5 om At 4 4 83! 1

of the time of arrival curve to hytrodynanic theory, BEST A VAILAGLE C 7

a

.

A camera station bad been improvised on Rmit to observe the therm.

effect photographically over verious types cf surfaces, and in purticular, to

2 photogragh @ thermal blowup or the precursor action resulting from it. Fussel E

: of BGM reports that two out of three of the records were probably lost because a

: tha photographic filters were burned by therm) radiation. A preliminary view Es

of the third camera indicates a thermal blow-up, but the precurscr shock, if e

x any, was probedly obscured by pre-shock dust and smoke. Ih view of Sandia's

--
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pressure record, there seams little doubt that a thermal effect occurred

on Runit, perhaps to horizontal distances like 10,000 feet.

Survey

The blast demage on Parry from KIMG shot was vary mech greater than

from MIKE; this wee still of a minor nature; a large made: of alusimea

penel sidings ware slighting buckled in, some buildings shifted a fraction

of an inch from their foundations. ‘The results are particularly interest-

ing because the peak preasures vere nearly identical.on the two shots. ‘The

difference in dumage is due of course to the sharp rise on the shock in KIMG

aod the alow rise on MIKE. As pointed out in 5.14033, this slow rise

is partly the argument for exploitation of the thermal effect as a defensive

meagure against atomic weapons.

Te large aircraft hangar on Enivetok was by far the ost vulnerable

atrucsture to biast damge in the personnel area. For XING Ehot, the roof

exch hed been traced using telephone poles, and a photographic record wes

obtained of tha blast wave paging over the hangar. Ko appreciable damage

cocurred, exeeyt for nevaralpieces of corrugated siding blowing loose on

the back side, from presqure reflections on the interior of the building.

eeeeree

vy weve action from water on the reef near ground taro. Tt is entirely pos-

sible that the reef vas exposed on Sandia's close-in “water” stations. A

battery of rocket lemehes; used by MOL, were completely overt:emmy, ant
scattered about one-half mile down blast across Rmit; this too te suggestive

   
of wave action.
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am!In the long run Operation Ivy may well mark a turning point in blast

measurements on nuclear weapons, although it is only fair to say this fe

statement may be ne more than a personal conviction or pious hops on the %

part af the author. However, a campletely theoretical and self-consistent :.

hydrodynamic theory now existe which was used to make predictions for Ivy

ani, which are principally reported in J-12372, concerned specifically

with Ivy and, 1A-1406 concerned with the theory of surface affects.

Starting with the analytic solution for fireball growth, which bas been 7

used to determine the yluld of these weapons, a major calculation for the :

blast wave was correlated with this solution and used to extend the range

 

of hydérodynauie theory dom to very low pressures. ‘lo this extant, end ., .

including the nature of the reflection process over an ideal surface, hydro- :

dynamical thecey now seems to be on firm ground; both theoretically and P

expirically. In addition to this, two mJor perturbations exist in blast e

from atomic bombs: the theory of surface effects, vhose general quanti- q

tative features have been given in LA-1406, appear to be justified; the

other perturbation characterised as due to large scale inhomogeneities,

are better understood. While an imeense amount of work remains to be done
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within the broad framework of this theory, thare is good reason to hope, as

wes demonstrated on Ivy several times, that the basic field variables of blast

 

have passed from the status of experimental measurencat status of a

diagnostic tool. BEST AJAILABLE CO

The amlytic solution for fireball growth was used to establish tie
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firedall yields from Ivy on a considerably firmer basis than would have been

obtained by methods of fireball analysis used price to Ivy. A completo dis-

 

cussion of its mexvite and limitations are not appropriate in this mmmery, oe
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< but one further evidence of confirmation my be appropriate here. In the :

q analytic solution the density distribution of air behind the shock wave :

4 3 plays a fundamental role. It also happens that this same density distri- Eo

- bution markedly effects the intensity of gauma rays as a function of tine *

: as cbeerved on very large scale weapons, such as MIKE, where a large number | 4

= of mean free paths are present for gamm ray absorption. For example, this ce

2 hydrodynamic effect increases the intensity of gama ray rediation et } .

4000metarsfrom MIKE by a factor of 150. The same density distribution used E.

in the analytic solution was furnished J. Malik, who then used these data n

' | to correct the intensity vs. tine curves in Project 5.3. He reports that ;

: . this theoretical hyttrodynamic correction then modifies the gamaa ray inten- 4

sities to the extent that good fission yields are obtained from the gamm= , :

: ray measurements at fairly long distances, This is a rather crucial test p

of the density distribution used in the amalytic solution, partly because :

it 1s at long distances vhere the theary is considered least reliable, More c
| important, the air absorption here amunts to factors e713, the hytrodynamic :

q correction amounts to. of5, 1% follows from the mathematics that only a E

emell error in the density diatribution would result in very large errors E

in the corrections for gama ray intensity. While those calculations are

 

only of a very preliminary nature, it is felt that the suecese to date is

aignificant. BEST AVAILABLE COPY ~
In. the discussion throughout this report one may be struck by the con-

 

sistentrecurrence of the term “approach ideal pressures". This has a real

  

meaning in the general theory for blast, which has been set up in the theory

for surface effects, By thearythe basic framework of the blast jattern is

established. It is the nature of this phenosena that in the perturbations

frou the simple theory one always loses and never gains on pesk pressure.
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This is aacther statement of general “principle of least preesures” vaich

hae been apparent for some tine in blast hyirodynamice, Mare fully, this

statement is tnt, in a hytrodynasic process which mightiavolve a susber
of possibie paths by which @ blast wave could change from one ecnfiguration

to snocther, a gmeral property of these hydrodynamics exists by vhich the

blast wave will follow that pattern, which results in the smallest possible

peak pressures, Based on this principle, it may not seem 20 surprising that

the ideal pressures alyays soen to be approached and seldom realised in

actual measurenmt,

TUB

Parring 8 umjor reversal of the preliminery data, some tentative con-

clusions to be dream from Ivy ere?

(1) the baste blast yattern from nuclear explosioas now aypears to be

éetablished ca quite firm theoretical and empirical grounds, in a

self-consistent theory beginming vith the grovth of the fireball,

and extenting to pressures less then 1 rei.

(2) Large scale atncsyharic immomogenisties mrkedly affect the blast

variables at the long distances in the region of interest for large

scale veepons in the magnates reage, In particular, under the condi-

tions of wormad lapse rate of temperature vith altitude, as in MIKE

shot, the peak preseure at long distances are markedly reduced,
(3) the general theory of surface loss, as explained in LA-1406, are

again ecafivued, here, vith regard to the behavior expected over

ideal surfuces,
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(4)

(5)

  

» ) 1447

A great deal of work remains to be done on the detailed mechanisns

of the two mijor perturbations of the blast waves atmospheric in

hamogrneity and surface effects. Mast effort can now be diverted

from measurement of the basic pattera of blast hytrotynasics to

these studies.

Rast hydrodynamics offers considerable imediate promise as a

diagnostic tool on tests of atoule weapons.
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