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

i pooiibiteds

PURPOGE OF TESTS £.53466-74r7¢ 8

With &ue regard for the preliminary nature of tests results to date, it
is _uoeml and prodbadly Jut_:lned to drav scme tentative conclusions. The
1nt§reit in dlast on Operation Ivy falls into three phases, vhich formed
the mx of Prom 6.

n:nt, becanse ot th. hrgn .u. of the weapon, the urth's atnorphm
mmWhmMthhﬂy&ui“Mtho.
Gn the scale of these m, ptrtieuhrly m, at proum'n of prtcticd.

interest, thabulbmntmllyburatmlrahnv‘lythmhmotmnt
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, The reduction in jressures from surface effects on MIXE vere not expected to
% de serious, and to approsch ideal pressures and wave forms. On XINO, separate
N dlast lines were ¢stadblished to compare wave forms and pressures over both ,
E 1and and vater sufaces. j:;;.“'
. A third phase of Program 6 involved studies of phenomena such as water ‘
? waves produced by the explosicn, crater sise, energy absorption by ground ,
and grownd accelerations, which were of consideradle interest because of
the large change in scale of the MIKE weapon.
It 1 of intarest to mote that energy-wise MIXE Shot involved & change .
of scaling in the same ratio to nominal atomic vespons, as those veapons
stood to the large high explosive boabs used in World War II, and sgain as
these stand to “small charges”, i.e., there is the one thousand-fold changs
of acale in
1200 12 X7 12 tons (THT): 2N Dde. (THY) .
Despite this change of scsle, 10 doubt vas cast wpon the basic validity of the :
2 ¥1/3 sealing law, as it applied to the basic framework of the blast wave. The
g qustions of scaling are concerned only vith the failure of its perturbations
t0 scale, As such, the dats from MIKE or KING Shots eannot be soaled directly
1n s simple fasion vithout considering the caases for failure of scaling listed
above in the three types of perturbetions.
: . I__ - wxEgmor
Fireball Meeguresants BEST AVAILABLE COPY
Discussica of preliminary fireball analysis is jresented in preliminary
g ' reports of Progrem 3, from which the yield is estimted ss 12 A1 M,  The :
firedball analysis 1s of interest hare because it shows that thare is little which §
is vousual during the early W of the blast wave, and because it is mndn- g
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mentally & blast measursment. The rate of growth curve is iteelf 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 was expected because 600 tons of structure around NIKS, compares
“ to only 1200 lbs. around & 12 KT veapon. As expectdd, the energy transfer

4 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-
motrical. n:mulnommtompoctn‘iingdonnotm, because, for
the first time on any operation, the "fireball yield" was determined on an
absolute, instesd of relative, bdesis, 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 hydrodymaxic dala appearing delow, so that even if the fireball yield is
in eventual disagreement vith rediochemistry yields, the firevell yield will
ctil.l.bo necessary for interpretation of hydrodynemic data.

Rafraction, Iemogmoetty, Attervists 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 Alir
Pressure, Manned Alrcraft”; and by Air Force Caxbridge Research Center in
Project 6.11 - "Free Air Pressure, Parscinte Cannisters”. Preliminary con-
clusions 4rswn 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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mmnmwa-uucwmuummu,mux,u
cmumﬂumwwmmmntwnmmom
homogenecus atmosphere. muumtm.ly\wtomimmst
melomt&wm,htmmkmym.tlmmm. ta the
basis of peak pressure, the apparent yleld diminishes from about 10.5 »wr
4t Ingedi to less than 1L M on Rrry. Also, Bandis Corporation reparts fast

rise times in the pressure wave at the 23.6 pei level on Engsbi; fast rise
* tines as far out as Acmon (2.75 pel). Successively longer rise times occur
“t lmg Msusis.  BEGT AVAILABLE COPY ~
Distance From  Ideal Swrfice - Nomo- Feak Tiela
Island  Zero - Yeet gensous Mediu - Pui_ et e g
Engedd 16,000 26 23.6 10,3
Meata < 92,500 . W 12 9.3
Altsu 36,500 5. 3.7 6.8
Aomon, 87,500 3.5 2.75 6.8
Bunts 75,000 1.85 1.32 5.7
Merry 114,000 11 .36 0.6
Mo : Mo @ ®
As expected, thess results are dstinetly different frow Bustes-Tambler
mu,mumymmmmmm,mcnm.mw ]
azwmuunumnmnwm,mmcnmmrxuumm
\ cluotoiwwmnlum mmumm-mrumm

atmmrumtmm. memrwum
in fact 1deal. Jltmnw», thosuocpurio effects apparently do
result in & mrkod attenuation of yog ms Furtber, at long distances,
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studies and caanister resulis,.. =T
PR,
Time of Arrival

Pimes of arrival are svailadle from Sandia Corporation's measurewments

Sowod
Velooity

{res)

Arrival
{Seconds)
b7 W)
s
28.76
19.35
8.7

one perhape observed a different typs of degredation, as the bdlast wave

the apparent yields are:
ook

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

Further data vwill e availadls from mass motion studies, aftervind

in Project 6.1, and from meesurements aboard the Estes by Cowsn and BReines

(altimeter and stop-watch) and by Zagland (Wiamcko gauge with drush recorder).
mm“ahu—mmmxummmmmma‘.
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scadd wave furnish a rough estimate of yleld and some insight into \he hydro-
dymimics involved,
A thecretical time of arrival cwrve oconsistent with the thecretical peakx
rressure - distante curve ¢f Table I is availadle from a machine onlculation
ctﬂubhstm This shovs smll, 1F st all, significant differences from
tbttﬁ&mtnlmefﬂm?. &m,mnmmmumm

from exyly tests of atosic weapoms. Based cn the thecretical cuwrve and com-
pated sound velocity at the suwrince,

Tine
Differences v_(x)
18.0 10.3
16.0 9.1
15.3 10.4
13.% 10.0
13. 12.5
9.6

o
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The results are of interest becsuse they tend to confirm the high yield

H shown by the firsball. However, it is a reascnable questica 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 shock 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

apyarent sound valocity, increase the time difference and therefore apparent
yield., For example, if at the Estes (18M,000 fest) sound velocity is taken
= as 1194 feet instead of 1130, to compensate for & 17 knot wisd 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 adout 12 MI. The ssne value of sound velocity

“ occurs for an mabient tempersture of 23°C, compared witd 279C as measured
st e surface, cv 18.5°C a8 meammred .zsoodrm. Sound veloeity at the
' muTace has meaning, only as related to the peak 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 affect the shook velocities at distances like 15,000

el DA

feat, vhare ypressures and valeocities are still high. At iarge distances the

. posk pressures mmisured st the surfaee are slready lov, rresumdly decause of
atmospharic effeets, the shwook arrival times will de later, the apperent yleld
still scoewvhat consistently small, Here again, the atmospheric effect is pro-

45
o
%3

s

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

SNL 3
-6- . j 4




. e:
® | Py 1105
be €ue 0 the low sound veloaity st high altitudes, vhere the pressure
wave may lay dbehind its corresponding part at the surface, and tend to
support the interior of the wave, near the exd of the positive phase.
The normal lapes rate of temperature with altitudes on NIXR, 1s not unlike
the thermal effect Gdeserved for high heights of durat; in a sense it results
mmmwuuonnmm,mmomwmm
positive phase.
Durfuce Effects

Pertinent measuremssts were made by the projectslisted sdove, sad in
m,wummmums.s,unmumm
grephy for 6.2, in 6.3, and 1o Projeet 6.9 - "Deta Deasitcmster”. |

The fast rise time chtaimed by Sandia Corporation et Rigebi is remarkable
m_&t-aummmu-mmumsmm
““M,M' Mmiﬂnﬁomuuunum”ma
over 18eal surfaces is & theowetical prediction, despite Greenhouse-Buster-
Todley results. This ghugs WAs near the shore on Magsbi, vith & comsider-
M6 run of vater between 1% and the bash. Ancther gauge in growd batfle,
MWM!&NMMG“,MWM&-
Mmmsmusmnwtmhumuﬁmmm
wwumhmmwnmum,ammu
Mrumummm-m. Rafleched pressures
mmmnmmmmnm,smmny-nmw
mbsmmlmmm«smmm.asawuu-
MMMMdnmmM ?ro-ﬁ-arﬁﬂtaomintm
mt;mmm‘mmmummmm mmwthe’
shore,

SEST AVAILABLE COPY
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Photography on tha 188 motion cameres showed proanounced pre-shock dust
on Engedi, adout four niles distance from sero. This is a reascmadls thermal
effect) despite the initially sero height af burst, the redius of the fire-
ball was in the oxver of 1 mile at this time; up-mx;mnr-mrim‘ ‘
to sufficient height to provide an appreciable angle of i{ncidence for thermal
radiation on the ground,

A beta densitomster trece from Xirinicn shows enormous dust-loeding of
the shock wave, dut no pre-ahock dust-loading, By itself, the shock wave
density would be sbout 1.0 times ncrmal 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 usmally cbesrved oa atom bamds, perhaps &ue to the failuxre of grevity
to seale ia sueh long duretion blast wmves.

Conbridge Dedearch Center yepcrts fast rise times in free air. This is
2gain coopistent vith the thecry of surface effects, vhich Iwedisted that
the rise times shiuld de fagt in the adbeence of s surface pertuxbation.

Sgve Astion

Pertisent metsurements vere made dy LASL in 6.8a - “VWater Waves, Shallow”
and Scripps Institute Project 6.0 - "Bea Waves"; by Buresu of fhips, Project
6.Ta - "Uadervater Pressures, Desp”, and Sandia Corporetion in Project 6.7d -
“Uhderwater Pressures on Aeef”, No gmntitative results are yet available.
Predictions for wive heights are contained in J-9543 by Gearge White, “Scaling
Por Surface Rexplodions in Shallov Water”, (LASL).

Bakar of IASL repents & perceptidle wave in the oxder of a fvot near Parry,
and & fow fest nea¥ Ruxnit. These results are in reasonadle agresmeut vith the
predictices by White. Due to damage to the camera no record wves cbtained on

mebi mesT AVAILABLE COPY SNT.
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Yiseal iwspection Svggests that an appreciasble wave washed over Engsdi,

clossr ialands wers eurely imundated, and it 1s even possidle that parts of
Kirinian vare washod. During & dsmage survey on M £ 2, I was foreidly struck <
| by the peculiar sbpemes of durned vegstation on Engsdi, Surely the thermal ”
charring was very (evere, &8 in the case of & woodsn raft Just off shore. ,-‘3»;
‘ Bonetholess, no bluckened vegstation wes visible om Engedbij the upper brush a
was scorched, but (ress vas visibly green at its bese. This sesms mOBt rea- ;
3 scnable if coe assimes the charred materisl hed been completely removed by

wve action, long after the hlast and thermal affecis. Jore direct evidence
f was obtained later on &uring ancther inspectioca trip. Project 6.2 had 10 AA
; @ns on the east end of Iugedi, Just off shore, where the island is unuswlly
high, sbout 7 feet, above the lagoom. Here driftwood wes found lodged in the 1
Gm wechanisss, scum T feet adove ground. Also, one gum hed deen smashed 9 1
from several foet sdove ground by a large boulder, seversl feet across; broken
pagts of this boulier were lying co the gun platform. IS sesms that omly & )
E 1arge wave, grester than 15 feet high, could have produced these effects. o
the far ead of Ingidl, ausy fyom the damb, grevel wes dsposited around test

4 1astallations, and gromsd vimes were pulled in a way typdcal of wave actica.
The most striking evidenes of waves cs Eogedi was jresent on the OCR styue-

tare; tme Sestion of Alls, fueing the blast, was mads of corrughted irca, with
the channdls rumnirg hovisomtally. Deposited cm these ledges and plastered on

the mll, vas & nixture of floteom, send and fine crganie dedris, which cer-
' tadnly locks like wave work. 7This material was deposited to within several oo
foat of the top of this ¥) Loot strueture. It would be very difficult to ss-
; cride all these effevts t2 Dlast vindj Ogle makes a reascumbls alternative ey
Wtbtahmmmmnmwwoﬁxm. E
£ST AVAILABLE COPY
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Crater; Oround Aogelevetions 2
Pertinent messurements were taken dy Sandia Corporsatiom, Project 6.5 - ,'

P

"Ground Motion, Bodsmic”, and later through meesurements of the crater. Cox
of Sandia reports only small earth accelerations at Ingedbi.

Coasideredls conjecture aroee from the possidility of a structural col-
lspee of the atoll on MIXE shot, becsuse geologis investigations by LASL
(H.X, Stephenscn) and Scripps Inetitute had shown the rock structure to be
M;aoWLeolhpthhnmthu_uE-_otmwnn
mgnitude. A rough quantitative prediction vas contsined in & memoranhm,
"80i1 Pressures and Noergy Transfer on Mike Shot”, October 10, 1952, Porsel
to ¥lliam E, Oglo, from vhich are expected a crater approximately 10 meters
deep for 5 NP or about 1A meters for & 12 WP explosion, assuming s geologic
structure as strong as the shot island for George shot during Greenhouse.
It aleo shoved ths small possidility of bresking the rock structare to depths
1ike 300 neters, vhish night then subeide into the ocean, but not of sericus
omevgmos. BEST AVAILABLE COPY

Jo large scals fatlure of the atoll cccurred. A prelimimry asrial sor-
vey was made by Ggl8 Just after shot time; he reparts isolated Wurbid regions
dumutMmuthhmm"MM'd“ .
irough fissures in the corel shesth of the atoll. An serial swrvey two days A
l1ater by Forsel and Beines suggested that the crater was still shif'ting because
sharp demarcations of turbid water were still visidle, vhich long since should
mwmum&uﬂwu-wmntmu-. The cxeter appeared to
be 4500 feet acrces. On the cosan side, the ariginal reef had extended sbout
00O feet from t2e shot 1sland; no chanoel was Broken through Betvean ocean and
lagoon., The reef material is markedly different now than before the shot, as

in the 1lip of a ground creter, but here it has been dzvuken up by wave action.
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About M/h Covan rosched the water adove the submerged crater and cbtained
soundings showing & depth of 1A fathoms, oF Approximately 25 meters. Several
weesks after shot t(ime, the crater was surveyed by Nolmes and Narver, dut the
data wvere not worked up at the time of writing. The crater width was sub-
stantially es mantioned adove, but & maximm depth of 180 feet was recordsd
neay the sero point, |

xtmanmmmtmmmmﬁm.mum
the gross uncertainties of geclogic structure which, in themselves, yrobadly
&ffect the depth by factors of 3 or more. The Took StIuCture vas scmehat
mmw»&nmmm,mmmw.mmum,'
vhich may 2ot stabilise for scmetine - perhaps weeks or momths.

a__- Xogses

Tireball Mosyoywmimts

mm-&:ﬁmmwamnunmhmnmn
mwm;uunm'sm,mmmmu
%80 v, m«xmmw-aummm'-w
sry reyrt, wier Progrem 3. BEST AVAILABLE COPY

_mmmmmmummammmammm
Wmmmmmwmh umun—mﬁ,
udw)qm,immaemmﬁmhamot
ﬁmm,dnhthmrﬁﬁsﬁnm,thmm&ﬂum
sad variations in gemey. ﬁmm,mummw-
MM&&O&MMtuwmm,mmwm
the fine stractures. mxywammrum;mwum
m,mammmmwmum,mmuw
m,:umtmammuwm,mtmmmm
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the rete of growth may be readily apparent. As such, it can greatly aid

in establishing the dasic hydrodynamics of the blast wvave on a firm empirical
basis.

Quick Mydrodynamtc Yielde

Some quick estimates of yleld were made on K-Day using hydrodynamic
wmnmv,mammmwnammsmt
Cursory Report. These results are of interest here because of their hydro-
trmate 1mlictions. BEGT AVAILABLE COPY

Iased on the theoretical predicted values for homogenecus media, and
tine of arrival msasurexsnts at the Parry 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 fireball yield, is reasocnadble
and consistent vith the experiences cm NIXZ. It is probdably the result of
long renge stmospheric inhomogmneity of the atmoephere.

Dased agair on the thecretical curves, and Sandia's msasurenent of the
blast wave at Parry, the indicated yleld is sbout 850 K¥; 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 rudiationm,
and an experimemtal tendency to read loong becense of hysteresis ¢ffect on
mm,ummtm-mmmlmmumnml.

fandis Corporation msagured a peek pressure of 0.35 pei o Pwxry, in
comparisen with 0.7 pei for an 1desl swrface and homogensous wediumy 0.45 psi
as predicted from a rongh estimate of the refraction effect, basod on MIKE;
cr finally about 0.1 pad, vhish would be indicated by straight scaling from
MIXE., Curiously enough, this is exactly the ssme pressure cbserved on Parry
from NIXE, and practionlly the same as the 0.35 psi cbserved on Farry froa
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Greenhouss-Dog faot. The rise time on KING was, however, mach faster than
for MIKR. Mmﬂnuuot\m, this reductiocn in peak pressure appears
to be a refraction effect; the measurement is of little or no value for
detarnining a yield quickly.

Surface Rffects

Of the several laboratories particppating in blast meegsurements on
KIiG, only preliminary data from Sandia Corporetion are availadle at the
present time. lNonetheless, their results seeam clsar encugh to Jjustify
scan conalustse. EEST AVAILABLE COPY

In arder to compare the blast wave over relatively ideml and a rela-
tively poor surface, two blast lines were instrumsuted dy Sandia, one line

over vater on the sutmirged reef, the other line through the center of Runit. .

It vas expected that the rise times would de fast over water, and pressures
close o 14ead; the rise times would be slow over land, and the "thermal”
curves of LA-1A06 be spplicable. Preliminary readings of Sandin's jressure-
tinme records smply confirmed this prediction. On water stations spproxi-

. mately 5500 feet and 6500 feat from saro, the [Pesswres are searly ideal,

vith fust rise times) on the other hand, an oven mcre distant land statiom,
sbout 7450 fest, had & very long rise time, and pesk pwessure cocsiderably
below ideal valuss . "he Ivy test is then the logloal completion of the
Buster-Tusbler-Ivy series, all of which amply confimm the theory of surface
effects proposed in Li-1M06 and other pepers during the past year.

® Neanwhiile, these records bave been moxe carefully examined by Sendia.
Cox repcrts the same gesaral comclusion, "the rise times are faster, and
the pressures higher over wvater than over land”,

Ce13- 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 omnames used to establish the
actual durst coordinates, there was coasidarsble interest in confirming the
coordinmates subsequently estadlished hy other cameres. The time of arrival
neagurements by fmndia over two blast lines furnished such a confirmation,
and accordingly, a "mreldicted” time of arriwal 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 helght of burst. With this curve, and the cbserved time 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 poar, becsuse the arcs
of the circles sxe nearly parellel, and an extremely high degree of accuracy
is required in the time of srrival cwrve. Nonetheless, the burst position,
&8 plotted from time of arrival, is in excelleat agreement vith the dburst
pouitica from suveying cameres. Conversely, it also meams that the pre-
dizted time of axriwal curve will be confirwed as closely as cne can read
the gyaphs. Thiz agreemsnt is further gretifying decauss the prediction
invalved the height of bwrst curves, and because of the fundamental mature

of the time of mrriwl curve to hydrofynamic theory. BEST AVAILABLE “H 4

A cammra station dad been imprrovised om Runit to observe the tharmal
effect photograpiically over various types of surfaces, and in particular, to
mwamuumnwmmmmmmn. Fussel
dmmtatwomdmummmmwvbsbmimtm
tha photographic filters ware burned dy thermsl madiation. A prelimixary view
of the third cemexa indicates a thermal blow-up, but the precursar shock, if
any, was probadbly obscured by pre-shock &ust and smoke., In viev of Sendia's

1
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pressure records, thare seems little doubt that a thermal effect occurred
on hmit, perhaps to horisontal distances like 10,000 feet.
Damage furvey

The blast daxage on Parry from XING shot wvas very mich grestay than
from NIKE; this wes still of & minor mature} a large mmber of slvaimm
ranal sidings ware slighting buckled in, sowme buildings shifted a frection
of an inch from their foundations. The results sre particularly interest-
ing beomwe the peak xessures 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 slow rise on MIKE. As pointed out in J.1h033 » this slow rise
is partly the srgumnt for exploitation of the tharmal effect as a defensive
neasure againgt atomiz weapons,

e largs aircrsft hangar on Eniwetok was by far the most vulnerable
uwmcoummmmmzm For XING 8hot, the roof
mmmtm~mWw,mzmm:Mm
cbtained of the blast wave pasging over the hangsr. loawnhhm
m,mnmm,mummumw‘m@
the dack side, from rresmue reflections on e interior of the building.

mnuummnm.ummmmthmmnxymm
bymuﬁabmuwmmwwmndm Ituururuypoo-
sidle that the reef vas exposed om Sandia’s close-in “water” stations. A
battery of rootwd lsmehes; used by WL, vers coupletely evept mmy, sad
scattared adboul one-lalf mile down blast across Rmit; this too 1§ suggestive

of wave action.

-
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DIBCUBSION

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

DELS R

B

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

statement may be nc more than s persomal conviction ox pious hops on the

part of the author, However, a campletely theoretical and self-consistent

hydrodynamic theory now exists which was used to make predictions for Ivy
and, which are principally reported in J-1237R2, concerned specifically

&% vith Ivy and,lA-1406 concerned with the theory of surface affects.

Starting with the analytic solution for fireball growth, which has been
used to determine the yiald of these weapons, a major calculation for the
v blast wave ws caxrelated with this salution and used to extend ithe range
of hydrodynewic theory down to very low pressures. To this exteat, end .
* including the neture of the reflection mocess over an ideal surface, hydro-
dynaxioal thecry now seems to be on firm ground; both theoreticaliy and
espirically. In addition to this, two major perturbations exist in blast
from atomic bomde: the theory of swrface effects, whose generel quanti-
tative features have been givem in LA-1406, appear to be justifisd; the
other perturtaticn charagterised as dus to large scale inhoaogensitiss,
are bettar understood. While an immense ssount of work remains to be done
within the droad framewxck of this theory, there 1s good resson to hope, as
vas dencnstrated ca Ivy several times, that the basic fieid variables of blast
have passed from the status of experimemtsl msasurement status of &
sagontio wea.  BEST AVAILABLE CO
mmnmmrwrmummmuuuamm
firebell yields from Ivy on a considermbdly firmer dasis than would have been
obtained by methods of fireball analysis used picr to Ivy. A complete dis-
cussion of its merite and limitations are not appropriate in this mzeary,
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‘ but one further evidence of confirmation may be appropriats here. In the {
i snalytis solution the density distribution of air benind the shock wave
i plays a fundsmental role. It also happens that this same density distri- { 
. bution markedly effects the intensity of gamma rays as a fusction of time ;
ag cbserved on very large scale weapons, such as MIKE, vhere a large number | 1
x of mean free paths are present for gammm ray absorption. For example, this
hydrodynemic effect increases the intensity of gamaa ray redistion st ‘
4000 metarsfrom MIKE by & factor of 150. The same density distribution used ,‘-

'in the anelytic solution was furnished J. Malik, who then used these data

1 to correct the intensity vs. time curves in Project 5.3. He reports that
- this theeretical hydrodynamic correcticn then modifies the gamma ray lnten- 1
sities to the extsnt that good fission yields are obtained from the gamms ' i

r . ray measwrements at fairly long distances, This is a rather crucial test “
i of the demslty distribution used in the snalytic soluticn, partly becsuse
1t is at long dlstances vhere the theory is considered least reliable. More

- ixgartant, the air abecrption bere amounts to factors e-13; the hydrodynamic 4
3 carrection amocunts to. 0"353 it follov_a from the mathematics that aonly a ".
szell exzor in the deansity distributicn would result in very largs errors .

in the corrections for gamm ray intensity. Whils those caleulations are &

only of & very prelimizary mture, it is felt that *he suscess to date is

I BEST AVAILASLE COPY - ]

In the discussion throughout this repart cne may be struck by the con- ,

sistent recurrence of the term “approach ideal pressures”. This has a real

neaning in the gemeral thecry for blast, vhich has been set up in the theory

for surface sffects, By theary the basic trmciork of the blast jpattern is
established. It is the nature of this phenomens that in the perturbations
from the simple theory one alweys loses and never gaing on pess pressura.
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This is aacther statensst of genaul “prinsiple of least pressures” wvhich
mmmnmmu-amw. More fully, this
statement is tait, 1a & hydrodyzanic process which might lavelve s mamber
ampuuw‘m.mmmmnumumm
to saother, & yneral property of these hydrodynamics exists dy vhich the
blast vave vill follow that pattern, which results in the smallest possidle
pesk presmures, Based on this rrineiple, it may not seem so saprising that

e 14eal presses Alveys soen to be approached and seldom reslised in
actual measuremmt,

SoucLus o
Barring & Imjor zeversal of the preliminery data, some tentative con-
clusions %0 be¢ dremm from lvy are:

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

(2) large scalo atmospheric imhcmogsnieties markedly affect the dlast

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

(3) mmlmvdmum.umuwm,
asgain eonflvmed, heve, vith regard to the behavicr expected over
14ea) surfuces.

BEST AVAILABLE COPY
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A great ) of weak remaing to be done on the detailled mechanisms
of the tvo mjor perturdaticns of the blast waves smy&mu-
hamograeity and surface effects. Xlast «ffort can now be diverted
from messn'ement of the dasis pattera of blast hydrodymamics to
these stwdies,

Kast hydrodymsmics offers considerudls immediate prowise as a
dlagaostic tool on tests of atomis weapons,
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