MARSHALL ISLANDS FILE TRACKING DOCUMENT

Record Number: / 27 o

4 e
Document Number (ID): / 3 9 / 43
DATE: ___//952
Previous Location (FROM): (y / é
AUTHOR: _/Je/nL

Addditional Information:

OrMIbox: / Z‘

CyMlIbox: 7



ENELGLY

s ATOMIC

f?‘f

y

Ry vt
i
=
=
——

135195

. F, B, Forzel, Progran 6 (M. 22, 1952)
i peaitbiteds .

PURPOGE OF TESTS .5 3466~ 74r7¢§

With due regard for the preliminary nature of tests results to date, it
is _umn and probadbly Ju-t_:lned to drav scme tentative conclusicns. The
mﬁ:du in dlast on Operation Ivy falls into three phases, vhich formed
the m of Procnn 6. ,

nut, becanse od‘ thn hrge 01:.. of the weapon, the urth's atnorphm
mmmmumumammmmdmgmumummu.
On the scale of these bodbo, po.rticuhrly m, at muurn of pncticd
interest, mwmmumbmtm.nuummumdmn

ktho carth's l\m!‘u»‘~ mtot thfabhstnn mteﬁ msmmu’n

‘Q ;.l;».*r,

bomn dmmmm hm"smfuobuut.( xt
_”‘!‘!‘—"P J

urqlcipt_od tm. thuo shonbuic. oftccto'ot.mhmsemity, Mmtiohltn/




,‘Q ‘ . 1100

The reduction in yressures from surface effects on NIXE wers not expscted to
‘~‘ be serious, and to appromch idsal pressures and wave forms. On KINO, separate
N blast lines were ¢stadlished to compare wave forms snd préssures over both
3 land and vater surfaces. g
A third phase of Program § involved studies of phenomena such as water 1
? waves yroduced by the explosion, crater sise, energy absorption by ground
and ground accelerations, which wers of considerable interest because of
the large change in scale of the MIKE weapon.
1 It 18 of intarest o mote that energy-vise MIXE Shot imvolved & change -
3 of scaling in the sams ratio to nominal atomic veapons, as those veapons ;
51008 to the large high explosive bosbe used in Vorld Var II, and sgain as .
& these stand to "simll charges”, 1.e., there 1s the one thousend-fold changs =

of scale tn

12 MF: 12 XT: 12 tons (THT): 2% 1de. (THY)

Despite this change of scals, no doubt was cast upon the basic validity of the
¥1/3 scaling law, as it spplied to the basic fremework of the blast wave. The
qustions of scaling are eoncerned only vith the failure of its perturbations

to scale. 4s such, thqﬁht‘rgmor!m&ota eannot be scaled directly

1n & siple faston vithout considering the caases for failure of soaling listed

above in the three types of perturbetions.

. I - wxmgmor
Firedall Meguremsnts BEST AVAILABLE COPY
Discussica of preliminary fireball azalysis is vresented in preliminary

reports of Progrem 3, from vhich the ylald is estimated as 12 f1 1. The
firedball analysis is of interest here because it shows that there is little vhich

ummmu;w;uuugmambmt-n,mhumitum
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mentally & blast measursment. The rate of growth curve is iteslf disgnostic;
it shows a predominance of the rediative phase over mass effect during the
b early growth, und is characteristic of a bomb of very high yleld to mass
ratio; this wes expected because 600 tons of structure around NIKS, compares
“ to only 1200 lbs. around & 12 KT veapon. As expectdd, the energy transfer

E to the ground wvas very small, no large abnormalities were introduced decause

of proximity to the swrface. The shock wave was clear and essentially sym-
matrical. n:mulnommtompoctn‘iingdonnotm, because, for
the first time on any operation, the "fireball yield" was determined on an
absolute, instesd of relative, desis, using an anmalytic solution only recently
dsveloped. The sane solution had given good agreement with radiochemistry
vhen applied to bambs of previcus operations.

As shown below, the firedell yleld is consistent vith the interpretation
of hydrodymanxic data appearing delow, so that even if the fireball yield is
in eventual dissgreement vith rediochemistry yields, the firevell yield will
ctil.l.bo necessary for interpretation of hydrodynamic data.

Bafraction, Iemogeoetty, Atervists BEST AVAILASBLE COPY

Mimtmmummbymwumnko”ctél-

"Pressure Tims", amd 6.3 - mmmuurm;bymmuxm-
tific Laboratory in Project 6.2 - "Alr Mass Motion Studies”, and Project 6.3 -
"Aftervinds”“) by Wright Air Development Center in Project 6.10 - "Tree Air
Pressure, Manned Alrcraft”; and by Air Force Caxbridge Research Center in
Project 6.11 - "Free Air Pressure, Parscimte Cannisters”. Preliminary con-
clusions 4drswn hare from test results are based on comparison with the predice

tions under ideal conditions, in Annex A, J-12372, "Report of Evacuation Plans
Conference”.
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Peak pressurie messured by Sandia Corpgretion are shown in Tadle I, in

comparison vith the predicted jressures from 12 M for an ideal surface and
homogeneous atmosphisre. Iressure is sssentially 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 from adbout 10.5 M

at Engedi to less than 1 MY on Rerry. Also, Bandis Corporation reparts fast
rise times in the pressure wave at the 23.6 psi level on Engsdi; fast rise
times as far ous as Acmon (2.75 pei). Successively longsr rise times occur

o lmg stasess.  BEGT AVAILABLE COPY

s 1 3
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Zsland  Zero - Feev genecus Mediud o Pai Pai et '

Eogebd 16,000 % 23.6 10.3
Mata < 22,%0 . 18 12 9.3

Attsu 36,500 5.5 3.7 6.8 1

Acacn 3,500 3.5 2.75 6.8

Bt 75,000 1.85 1.32 S.T

Perry 116,000 1.1 36 0.6

DE IO A o 2:0
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d!wmbﬂniﬂlﬂhﬁm,htmchmmmmm
muwiulwm;tlum Mrmluoanwc;
atmmrnumtﬁdw,mmmmrmm
in fact 1deal. lltlmmu, thcsh_ooﬂnric effects apparently 4o
.rmlt in a maritod Itmﬁen'ot‘p.gﬁ mﬁ. Further, at long distances,
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one perhape observed a different typs of degredation, as the blast wave

passed from "shock” Yo sonic amplitudes, Whes the shock wave becomes very
wvesk, its velocity as well as sound velocity behind it approaches ambient
sound velocity. If the vave form is perturbed, because of either surface
or atmospheric effects, it is virtually iwpossidls for the wave t© "shock up"
again, hence the long rise times vhich appear at Runit and Parry,

Further data will be awailable from mass motion studies, afterwind
stulles and eannlster mﬁ.u.g. SOBRT | ‘ﬁ‘-f-f';"zémm&LE coPY

Times of arrival are availadle from Sandia Corporaticn's measurements
in Project 6.1, and from meesurements aboard the Estes by Cowsn and Reines
(altimeter and stop-watch) and by Zugland (Wiancko gaugs with brush recorder).
mwummmmxummmmma‘.

soodd wave furnish a rough estimate of yleld and some insight into \he hydro-
dymimics involved,
A thecretical time of arrival cwrve oocnsistent with the thscretical peakx
rressure - distance curve of Table I is availadle from a machine onlculation
ctﬂubhstm This shove smll, 1F et All, significant differences from
tbttﬁ&mtnlmefﬂm?. &m,mnmmmumm

frow exyly tasts of atosisc weapoms. Based oo the thecretical cwrve and com-
pated sound velocity at the swrince,

the apparent yields are:
ook

Sownd ’
Distance Velocity Arrival Tine

locstion  _(Fest) {rrs) (Seconds) Differences v_(ex)
Rstes 18%,000 LAY M9 18.0 0.3
arry 111):,23 %128 85.3 16.0 13’:
Runit 9 i 51.2 1%.3 .
Acwon 7,600 gﬁ 26.76 13.3 10.0
Attsu 36,700 1184 19.35 13. 12.%
Miain £1,M00 pAT

L] . .6
Engedi * o3 g3 3
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The results are of interest because they tend to confirm the high yield

H shown by the fireball. However, it is a reascnable questioca what the ef-
A fective sound velocity really is} at ground distances like 100,000 feet

the velocity at the "surfuce” 1s a microscopic detail, the shook propags-
“ tion is controllsd by sound velocities st many thousands of fest. At al-
’: tidude, the temparaturss und wind velocities were such &s to decresse the

apparent sound vialocity, increass the time difference and therefore spparent
Yyield., For example, if at the Estes (18M,000 fest) sound velocity is taken
= as 1194 feet instead of 1130, to compensate for & 17 knot wind which ves

yresent from altitudes of 2000 feet to 5000 feet, the acoustic time reises

from 162.9 to 163.8 secomds, the time difference ruises to 18,9 seconds,
and the apparent yield to adbout 12 MI. The ssne value of sound velocity

“ cocurs for an sabient tempersture of 23°C, compared witd 279C as measured
st the surface, cv 18.8°C a8 meamured .zsoodrm. Sound veloeity at the
' muface has meaning, only as related to the pesk Jressure as msssured at the
surface. At the high pressures and velocity, the imterscticns behind the
shosk wve and very rapid and a lov “aversge ambient” sound veloeity say at
5000 feet, may quizkly &ffect the shook velocities at distances like 15,000

el DA

feat, vhare yresaures and valocities are still high. At iarge distances the

. posk pressures mmisured st the surfaece are slresdy low, rresumndly decause of
atmospharic effeets, the shook arrival times will be later, the apperent yleld
still scoewvhat consistently small, Here again, the atmospheric effect is pro-

45
o
%7

ks

bably the significant factcr. In all this, the theoretical curves may be in
error, of course, but if so, the close~in velues of pressures would be anomal-
cusly high. BEST AVAILABLE COPY
Positive durntions reported by Sandia Corporstion are much longer than ,
predicted, and would indfcate abnormlly high ylelds., This result again may

SNL 3
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be due o the low sound veloaity at high altitudes, vhere the pressure
wave may lay behind its corresponding part at the surface, and tend to
support the interior of the wave, near the end of the positive phase.

The noxsal lapes rate of tempsrature with altitudes on MIXR, is not unlike

the thermal effect cbserved for high heights of burat; in a sense it results ‘-’
‘ in sisdler precursor sction at the surfece, waich also tands 1o lengthen the
positive phase. '

Burfuce Errests 3

Pertinest measuremssts were mde by the projectalisted sdove, snd in
particular, by Sandia Corpcretion in Projects 6.3, and by LASL in the photo- 3
grepiy for 6.2, in 6.3, and 10 Projess 6.9 - "Deta Deasitcmeter”. ‘
The fast rise time chtaimed by Sniia Corporation et Regebd is remsriable ' E

because it my be the sharpest rise time ever cbeerved at this pressure level g
o an atcsts dosb, One resulls that the shary rise time at high pressures ”
over 18eal surfaces 1s & theorstical predictice, daspite Greehouss-Ruster
Todler results. 'm”-‘mﬁnmﬁnuw,uthlm

Mdle ren of water betwesn 1% and the bomd, inothes gauge n growd baffle,
MMM!W&”MQMM,MWMW
nﬁ.mmsmusmuntmhheq-:dﬂﬁmmm

wmuumhmmwnmnlm, mmmu
Wr«m;mmm-m. MW

Mmmmmummmwm,am-umw
mbsmmnmmmaammm. etsap:.uu-
mmmmaummm mm:—emumntm e
mttmﬂqmmMMme,mmmm'

BEST AVAILABLE COPY . B
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Photography on tha 188 motion camares showed pronoumced pre-shock dust
on Engsbi, about four miles distance from sero. This is a reascnadle thermal
effoct; despite the initially sero height of burst, the redius of the fire-
ball was in the crder of 1 mile at this time; it jrobably hed slresdy risen 24
to sufficient height to provide an appreciable angle of incidence for therxel
radiation on the ground,

A beta densitometer trace from Kirinion shows encrmous dust-losding of
the shock wave, dut no pre-ahock dust-loading, By itself, the shock wave
density would be about 1.00 times normal air density at this pressure level;
this record shows that the density reached a maximm of 8.0 times normal
several seconds after shock arrivel. It suggests sven worse dust-losding
than usally cdeszved oa atom bamds, perhaps due to the failwre of grevity
to seale ia sueh long duration dlast waves.

Cosbridge Basearch Center yeports fast rise times in free air. This is
£giia conpistent vith the theory of surface effects, vhich jredicted that
the rise times should de fagt in the abeence of & surface perturbation.

Sgve Astion

Pertisent metsuremsnts were made dy LASL in 6.8a - “VWater Waves, Shallow”
and Scrippe Institute Project 6.5 - "Bea Waves"; by Buresu of Ships, Project
6.Ta - "Uadervater Pressures, Desp”, and Sandia Corporetion in Project 6.7d -
“Uhdsrwater Pressures on Asef”, No gmatitative results are yet available.
Predicticns for wive heights are contained in J-9543 by Gearge White, "Scaling
For Surfase Rxplosions in Shallow Weter”, (LASL).

Baker of LABL repowts & perceptidle wave in the oxder of a fvot near Parry,
and & fow feet near Runit. These results are ia reasonadle agreement vith the
prodictices by White. Due to damage to the camera no record wves cbtained on

Engedt. 2257 AVAILABLE COPY SNL
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Yisual inepeciion Suggests that an apprecishble wave washed over Engebi, 3
3 closar ialands werd surely imndated, and it is even possidls that parts of
Kirinian vere waahid, During s damage survey om N £ 2, I was foreidly struck
3 by the peculiar shusnes of burned vegetation on Engsdi, Surely the thermal ~
: charring Was very nevere, &s in the cese of & woodsn raft just off shore.
__ Bonethcless, no blackened vegetation was visible on Engedbij the upper brush i
was scorched, but (rass vas visibly greem st its base. This seens most res-
3 scoable 1f coe aseumes the charred material hd been completely reaoved by

wave action, long sfter the bhlast and thermal effecis. Jore direct svidence
was obtained later cn &uring ancther inspection trip. Project 6.2 had 10 Ad
@ns cn the sast end of lagedi, just off shore, where the islanmd is unusmmlly
high, adout 7 feet, above the lagoom. Here driftwood wes found lodged in the 1
@an mechanisus, scus T feetl adove ground. Also, one gum Bed Desn smmshed lt 4-
g from seversl foet sdove ground by a largs boulder, seversl feet across; broken
pagts of this douldier were lying oo the g platform. It setms that oaly & )
2arge wWave, greater than 15 feet high, could have yroduced these effects. On
e f3r el of Ingdl, awiy fyom the bomd, grevel wes deposited around tast
fastalisticns, sad grousd vines vers pulled in a way typical of wave acticn.
3 The most striking tvidenes of waves ca Nogedi was jresent on the OCE styue-
tre; ome destion of Ahils, fucing the blass, was mde of corrugated irca, with
the channels running horisomtslly. Deposited om these ledges and plastered on

the wll, ves & mixture of flotsom, send and fine crganie dedris, which cer-
: tataly locks 1ike vave wark. This mterial vas deposited to within seversl
feet of the top of this 30 foot strueture. It would be very difficult to as-
1 cride all these effects %2 Dlast windj Ogle makes s reascuable altarmative o
BEST AVAILABLE COPY £
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Crater, Oround Acgeleveticns 2
Pertinent msssurements were taken dy Sandia Corporatiom, Project 6.5 -

P

"Oround Motion, Badsmic”, and later through msssurements of the cxrater. Cox
of Sapndia reports only small earth accelaranticus at Dngebi.

Consideradle comjecture arose from the possidility of a structural col-
lspee of the atoll on MIXE shot, beceuse geologie investigations by LASL
(H.X, Stephenscn) and Soripps Inetitute had shown the rock structure to be
m;aammemtmmmm-mdunMn
mgnitude. Ammmmunnwmmmmua—m,
"8041 Pressures and Xoergy Transfer on Mike Shot", October 10, 1952, Porsel
to William E. Oglo, from which one expected a crater approximately 10 meters
deep 7or 5 NP or about 1A meters for & 12 M explosion, assuming s geologic
structure as strong As {he shot island for Gearge shot during Greenhouse.
It aleo showed thi smAL), possibdility of Wresking the rock strustuwre to depths
1ike 300 neters, vhich night then subside into the ocean, but nod &f sericus
comsegiemee. BEST AVAILABLE COPY

Yo large scale fallure of the atoll occurred. A preliminmary serial sur-
vey was made by Ogle Just sfter sbot time) he reparts isclated wwbid regions
of water at distances great enough to suggest the “squesxing out' of sand
Shrough fisewres in Whe corel mhesth of the atoll. An serial mwrvey two days e
1ater by Forsel and Belnes suggested that the crater was still ghifting because
sharp demroations of turbid water were still visible, which long since should
bave &iffused smy if they had started at sero time, The creter appeared to
be 4500 feet acrces. On the cosan side, the criginal reef had extendsd about -
00O fest from the shot islands no chemnel was broksn through betwesn ocean and

=y
2l

lagoon. The reef material is mmrkedly different now than before the shot, as
in the lip of a ground cyeter, but here it hes beez dzoken up by wave acticn.
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. About M/ Cowan rosched the water above the submerged crater and cbtained
soundings showing & depth of 14 fathoms, oF Approximately 25 meters. Beveral 7
wosks after shot time, the crater was surveysd by Kolmes and Marver, dut the it

_ data vere not vorked up &t the time of writing. The crater width was sub- g

stantially es mantioned above, but & maximm depth of 150 feet was reccrded ]

: nmnnummmtmmwupmuusmnmn

g the gross wncertaintiss of geologic structure which, in themselves, probably

affect the depth by factors of 3 or move. The rock structure was scmevhat 3

wveaker oo Kingslad than cn Ebiriry, and was broken %o 8 ccosilersble depth,

*hich may 20t stabilise for scmetine - parhape weeks or momths.

o__. X0 5
mmummnunuwmumnunaﬂ;mumn

tahen Ty N3A0; based on Tussel's mssuremmis, the yleld was computed as

580 M. Details of the firedall messyrements are givem in Ogle's prelimin.

wy royort, wter Pogm 3. BEST AVAILABLE COPY

o mm-qmw.lmntm&mﬂnmmdmm,

Mmmmmmmn. b umuz»mb,

umnmtm,immammdmmama f

mmm,auummmuum,mmmocmm

f'? sod variations in gewmsi). umm,mmmmw ;

lavities of the fireiall result in meeaured scatter, which tens to checure

the £ine structures. mw«mmnrmnmmm 3

m,m«mwmmwmum,mmum

m,mmtmocmmw-n,mtmmm
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the reate of growth may be readily apparent. As such, it can greatly aid

in establishing the dasic hydrodypamics of the blast wvave on a firm empirical
dasis.

Quick Tydrodyunie Yields

Some quick estimates of yield were made on K-Day using hydrodynamic
mmumnmmmammmw:wmmmm
Cursory Report. These results are of interest here because of their hydro-
trmate 1mlictions. BEGT AVAILABLE COPY

Dased on the thecretical predicted values for homogenecus media, and
tine of arrival msasurexsnts at the Farry Compound and Sandia Corparation's
station, the indicated tonomges from XING wers in the cxrder of 520 KT and
500 KXT. This low value, as compared with the firebtall yield, is reasocnable
and consistent vith the experiences cm NIXZ. It is probably the result of
long renge atmospheric inhomogmneity of the atmoephere.

Dased agair on the theoretical curves, and Sandia's msamurensent of the
blast wave at Parry, the indicated yleld is sbout 850 KXY} this i3 to be com-
pared vith » predicted value of 3.9 seccnds for 530 KT. This agin is con-
sistent vith experience on MIKE, with the possibilities bedng: atmospheric
refraction offects, reinforcemsnt of the shock wave by thermal rodiation,
and an experimental tendency to read loong becense of hysteresis ¢ffect on
mm,ummtm-mmmlmmumnml.

fandis Corporation measured a peek pressurs of 0.35 pei oo Ty, in
comparison with 0.7 pei for an i2eal swrface and homogensous mediumg 0.k5 psi
as predicted from a rongh estimate of the refraction effect, basod en MIKE;
ar finally about 0.1 pad, vhish would be indicated by straight scaling from
MIXE. Curiously enough, this is exactly the same pressure cbserved on Parry
from NIXE, and practionlly the same as the 0.35 pei cbserved on Farry froa
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Gresnhouse-Dog Shot, The rise time on KING was, however, much faster than
for MIKR. Mu\momd‘m,mmummmwummsmm
to be a refraction effect; the measurement is of little or no value for
deternining & yield quiockly.

Surface Rffects \
Qf the several labarataries partichpating in blast meesurements on
KING, only preliminary data from Sandia Corporation are available at the
present time. lNonetheless, theixr results seem clsar encugh to justify
scme coualustons. ESST AVAILABLE COPY
Incﬂntowntbcb:ut-wwuhuvﬂyu&luﬂam- 1‘
tively poor surface, two blast lines were instrumsuted by Sandia, one line
over water on the subwirged reef, the other line through the ceater of Runit.
It was expected that the rise times would de fast over water, anl pressures ‘
cloee to 14eal; the ride times would be alow over land, and the "tuarmal” 5
curves of 1A-1A06 be applicable. Preliminery resdings of Sandin's pressure- :
time records amply comfirmed this prediction. On water stations spyroxi- 3
. mately 5500 feet and 6500 feet from saro, the [resmues are early ideal,
with fast rise times) on the other hand, an even mcre distant land station,
about 7h50 feet, had & very long rise time, and pesk Jwessure corsiderwbly f
Delow 1deal valuss'. ‘he Ivy test is then the logical completicn of the
Buster-Tumbler-Ivy series, all of which amply confirm the thecry of eurface
effects proyosed 1n Li+JM06 and other pepers during the past year.

® Neanwhile, these records bave been mare carefully exaxined by Sendis.
Cox repcarts the seme genaral conclusion, "the rise times are faster, and
the pressures highe» over wvater than over land”,

"-13- SNL
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The wedicted time of arrivel curve was amply verified in a novel manner
on XINI shot. Dus to a fallure of several omames used to establish the
actual burst coordinates, there was coansidarsble interest in confirming the
coordinates subsequently estadlished hy other cameres. The tims of arrival
meagurements by fandia over two blast lines furnished such 8 confirmation,
and accordingly, a "mredicted” time of arriwl va. horizontal distance curve
was dsdnced by mmerieal integration, using the haight of durst curves from
LA-1M06, its time of arrival for free air, the firedall yield, and the in.
tended height of burst. With this cuwrve, and the cdserved tinme of arrival,
the burst position could be plotted as lying on & circle adout esch station.
From the intersection of these circles, from various stations, the actual
position could de plotted. The method is of course poor, because the arcs
of the circles axe nearly parallel, and sn extremsly high degree of accuracy
is reguired in the time of sxrival curve. Nonetheless, the burst position,
a8 plotted from time of arrival, is {n excellent agreenent with the bdurst
positica from surveying cameres. Conversely, it also meams hat the pre-
dizted time of arriwal curve will be confirwed as closely as cne can resd
the graphs., Thiszs agreemsnt is finther grutifying becauss the prediction
invalved the height of burst curves, and because of the fundamental neture 1
of the time of aTiwl curve to hydrodymale theary, B EO 1 AVAILABLE C “

A camers station bad been impwovised on Rmit to observe the tharmal :
effact photograpiically over varicus types of surfaces, and in perticular, to
pbotogreph & therml blow-up or the precursor action resulting from it. Fussel
dmmtutuomdmummnmm?imtm
tha photographic filters ware burned dy thermsl madiation. A prelimivary view
of the third cemern indicates a therwmal blow-up, but the precurscr shock, if
any, was probadbly ocbscured by pre-shock &ust and smoke, In viev of Sendia's

51
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pressurs recordn, thare seems little doubt that a tharmal effect occurred
on Munit, perbaps to horigontal distances like 10,000 feet,
Domage Survey

he blast Aaoage on Parry from XING shot wvas very much grestay than
from NIKE; this was still of & minor meture; & large mmber of slumimm
enal sidings wave slighting buckled in, sowme buildings shifted a fraction
of an inch from their foundations. The results sre particularly interest-
ing becmwe the peak (ressures wvere nearly identical.on the two shots. The
difference in dmwmge 1s dua of course to the sharp rise on the shock in KING
and the alow rise oo JOXR. As podnted out in J_1ho33  » this slow rise
is partly the srgumnt for exploitation of the tharmal effect as a defensive
mw.uwamm.

mmpumnmm'mm-abym,mmt«m
strusture to dlash Awmsge in the persomnel aves. For KING Ghot, the roof
arch hed been traced using telepione poles, and & motogrephls record wes
cbtained of the blast wave pasging over the hangar. lo.muw
oogurred, excejt for several pleces of corrugated siding blowing l0ose on
the dack side, from presmme reflections on the interior of the building.

muumucnm.ummmmzmmnnmm
bynwuﬁabmutumthr«fmmﬂm Ituurunlypoc-
ummtmmmwmm'aclou-umm"mtm. A
battery f rodtet lawches, used by WL, vers comlstaly sweyt my, and
scattared adoul one-half mile down blast across Rmit; this too 15 suggestive

of wave action.

BEST AYAILABLE COPY
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DIBCUBSION

In the long run Operetion Ivy may well merk & turning point in blast

&S Rl

B

‘ neagsurenants on nuclear weapons, although it is only fair to say this
e statement may be nc mare than a persomal conviction ox pious hops on the
A part of the suthor. However, s campletely theoretical and self-consistent
hydrodynamic theory now exists which was used to make predictions for Ivy
and, which are priacipally reported in J-12372, concexrned specifically
wvith Ivy and,LA-1A06 concerned with the theory of surface ¥ffects.
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Starting with the analytic solution for fireball growth, which has been

& wsed t0 determine the yiald of these weapons, a major celculatiocn for the
blast wave ws carrelated vith this solution and used to extend the renge
x of hydrodynawic theory down to very low pressures. To this exteat, snd '
including the nature of the reflection jrocess over an idesl surface, hydro-
dynaxical thecry now seems to be on firm ground; both theoretically and
espirically. In sddition to this, two major perturbations exist in blast
from atomic bomde: the theory of swrface effects, whose generel quanti-
tative features have bsen given in LA-1406, appesr to be justified; the
other perturtaticn charagterised as due to larges scale inhomogensities,
are bettar understood. While an immense amcumt of work remalns to be done
within the btroad framewzik of this theory, thexe is good resson t0 hope, as
vos demcastrated ca Ivy several times, that the basic field variables of blast
have passed from the status of experimentsl msamxrement status of &
diagaoetic tool. BEST AVAILABLE coO

The snalytic selutica for fireball growth was used to establish tie
firebell yields from Ivy on a considermdly firmer dasis than would have been
obtained by methods of fireball snalysis used pricr to Ivy. A complete dis-
cussion of its merite and limitations are uot appropriate in this suzmeery,
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but one further evidence of confirmation may be appropriate here. In the

analytis solution the density distridbution of air behind the shock wave

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

bution markedly effects the intensity of gawma rays as a function of time
ag cbserved on very large scale veapons, such as MIKE, vhere a large number
of mean free paths are rresent for gasumm ray absorption. For example, this
bydrodynamic effact increases the intemsity of gamms ray rediation at

4000 pedarsfrom MIKE by a factar of 150. The same density distribution used

‘in the anslytic sclution wes furnished J. Malik, who then used these data
to correct the intensity vas. time curves in Project 5.3. He reports that
this theoretical hydrodynamic correction then modifies the gamma ray inten-
gities t0 the extemt that good fission yields are obtained from the gamm
ray measuwrements at fairly long distances, This is a rather crucial test

of the demsity distribution used in the analytic solution, partly becsuse

ixportant, the alr abecrption bere amcrmts to factors 1‘13; the hydrodynamic

correction smunts to. ¢J3§3 it follows from the mathematics that anly a
sznll erxor in the deansity distributicn would result in very largs errors
ia the corrections for gamm ray intensity. Whils these caleulations are
only of a very ﬁrelinmry mature, it is felt that the sugcess to date 1is
stgaiticeat, BEST AVAILAZLE COPY -

In the discussion throughout this repcxrt one may be struck by the con-
sistent recuxrrence of the term “approach ideal pressures”. This has a real
Bearing in the gemerel) theory!fos Blast: vhich has been set up in the theory
for surface effects, By theory the basic framework of the blast pattern is

egtablished. It is the nature of this phenomena that in the perturbations

from the simple theaxry cne alweys loses and never gaing on pesk pressure.
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it is at long distances vhere the theory is congidered least reliable, More
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This is ancther statensnt of genaal “prinsiple of least pressures” wvhich
mmmnmmu-amw. More fully, this
statement is tat, 1a & hydrodyzanic process wvhich might iavelve s mamber
ampuuw‘m.mmmmnumumm
to saother, & ywneral property of these hydrodynsmics exists dy vhich the
blast vave vill follow that pattern, which results in the smallest possidle
pesk presmres, Dased on this rrineiple, it may not seem so saprising that

e 14eal pressmes alveys soen to be approached and seldom reslised in
actun)l measuremm$,

SoucLusTom
Brring & mjor zeversal of the preliminery data, some tentative con-
clusions %0 be dremm from lvy are:

(1) The basie Hlast jattern from muolesr explosions now appears to be
established cn quite firm theeretieal and empiricel grownds, in a
self-comsistent theory begitming with the growth of the firedall,
and exteniing to pressures less than 1 pei.,

(2) Large seale atmospheric imhcmogsnieties markedly affect the dlast

" warishles at the lomg distances in the regica of interest for large
soale vesyons in the megaton reage. nm.dnm«w-
tions of mirwal lapee rete of temperature with altitwde, as in MIXE
Mo“lﬂum!ntmummmm

(3) mmlmvdmum.umuwm,
again eonflvmed, heve, vith regard to the behavicr expected over
14es) surfuces.
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(3) A greas el of work remains to be dome on the dstailed mechanisme
of the two major perturdaticms of the blast waves atnq&mu-
hamogrosity and surface effects. Xlast effort can now be diverted
from msasn'sment of the dasic pattera of blast hydrodynamics to
these studies,

(5) Xast hydrodymsmics offers oonsidersdle immediate promise as a
diagnostic tool on tests of atoxis weapcns.

BEST AVM&.ABLE CopPy

&
s 3
b
3
53 3:,
¥
o
r’.
H p.
b
]
B2
i
2 %
"
4
-




