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ESTIMAT OF BLAST AND THEAMAL S¥F:CTS OW MIKE SHOT - OPERATION IVY
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Lt- Col. Franois 3. Porssl, OGrow leadsr, J-10, Blast Msasuremnts
Oroup, Loe Alsmos Scientific Laborastory

CEAPIER 1
GENERAL

The large siss af the Miks wespon, together with a considerabls
unsertainty i{n predioted yiald, present wusual prodlsms in estimating
blast and thermal effects.

Because of the limited siss of hniwmetok Atoll, ome cemnot afford
the lunxy of protectiang island installstioms against sy possible
yisld, and for that matter, it would b imprudnt to attempt to do so.
Fortunstaly, the blast and thermal offects ssals in such a way thet mo
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Certain fastors lend simplicity to the estimate of blash effects
Ris shot. Because 11 45 a surfass Nrst, a rellection fMaoter
sssuned for these predistions, msanisg that the blash
whose peak pressares = wersforme and radil
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tests have Deen oomcerned with the effect of thermal rediation in

i

shot because of the glancing angles of incidence

of thermal radistion; however, the "Thermal effect” will mot t»
conpletely absent because the firedall sttains a large wertical

air.

transuitted ¢

sttenustiag the z._k pressures in & blast wave; thic effect w1l be
at 3 xinimm o0

height in a short time.
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2.1 Derived Curves

2.2.1 Pesk Overpressure vy Distenee

Pigure 1 shows the pesk reflected over; ressure as a
fuotion of distarce for tw yislds indicated. Alihough theee valwes
have been takes from the IBM solutisn (ia order to be consistent with
othar cuves wiich folloy) thess redictioms are in ;ood spemment W th
predictions made on ¢he basis of Uresnhouss tever shots. There 45 3

than oI explosion occured entirely over within tw first
fox nilss frem te Word, ths peak presswres axy be reduced considerably
from tin valws showmn bty the thermal effeet og tim ground mrior

2.2.2 Peak Material Velaoity've Distance
Coincident vith the arrival of the shock weve is 2 wave

s ar
Ve Fo . Gy

Vieg: — /1

|

u 2 matorial velocity
C, = amblant sond wlosiy

OP/P° < everpresswre, ia atmospheres

Tre curation of this vind s comparsble to the positi-w
durstion of the dlast presawe

22 sroseae mim  BEST AVAILABLE COPY

Figures ), L, 5, =nd 6 give estimtes for the pressuro vs
tirm wave at selested wersWe af 1,000, 100, 10 and 1 ps} and

fiadicate the variation in the fora of the pressure wsve st these wussure
levels, Af digh pressuros and cloes 1a there is a0 megative phare; prvesure
decayr assympiotically o mre, Mereover, "langth of the poeitive phase”
1s strongly Laflwnoed in this regioa Wy the rise of the fireball, which at

tanustes presaures shortly after shosk arrival, and should reduce the
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2.3.2 Previous Lrperience

Som estimstes for the damsge ou strustures at different
pregsure lavels me given in "sffects of Atomis Wespone”; & axwe

sonplete Seble Ls availlable in Par. LB =d Tuble 9 of

Copabilitise
» Tech Nanual Bi-23-200,
00, Departmat of the Alr

of Atoxio weapome™, Departwsat of the Army

¢« 1, messursa
strmtures ware Lwolved, vhish

Tha resson for this smll

-hM(P—vumz

Ik z:“m. jsaly 318

md froa the wimds following the blast

soted that structures fall from twe
standpoint of pressurws, the Mile shot presents mo

vy, OPMAY-P-36-000
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2.3.3 Strucewres
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It is noted that structwes do not fall st somw critical
presswe level, but that >ver a range of ressres (mrhsge a factor
of 3), the damage is soasuhat proportional to the messure. The
observation on structares at lov mressure lavels can be extrapolated
with soms degree of confidenoe vithout expsoting & swidsn and complate
collapse. In moct cases, therw 19 alvays saxe weak elsment oo &
structus which will fail first; sush as bDlowing in of a panel; 4in
stress.

2.3.L Vehicles

Thare 4is of no> apparent requiremsnt to avacumts wehicles
from Parry 0 Exiwetck nor ay spreciabls advantage in doing so.
All canvas tope should be removed from the vehiclse. Windshislds
should be lowared flat o removed entirely. s wvehicls sbould face
directly auay or toward the blast slthough it is felt that better protection
for the radiator and Mmadlights is affordsd if the wehicla iz fasing
oy froa the blast,

2:3.5 Alrcrafs

All aireraft should be evasusted wharsver poesidla, For
smal) sireraft (lacluding helicopters) which cannot be evacuated, the
main wngs should be removed, and if left in the open, the aircraft
should fics toward ths blast.

2.3-6 Boats

%o damage 15 axpected to hulls or sy part of watsr eraft
which is usually sujectad to wave action. Tie .7 pei lewel is equivalent
to a head of a 1/2 foot of water which such boats hadituslly withetand. The
supsrstructures of these craft are more susoeptibls 10 blast dsmage but we recall
that the unbalanced pesk oresswe is of wery short duration, small objects
being rapidly engulfed by the pressure wave; for example; & ssst of ) in. in
diamter will feel the psak pressure for approximstaly 1/h of a millisecond.
Following thc psak pressure the blast winds will be of the order of LO to
g0 uhcm;:.r hour st Parry or tniwetok tat thase eraft habitually withstand
thess w .

2.3.7 Storags Tanks

Stoarage tmics for fluids should be laft full, Wth
to add nass as well as % prevent ths plates from buskling in.

CERPLR 3
THe MAL &FFACTS

31 general

Y
Like blast, an estimate of thermal effects required answars to SNL
cartain uncertaintiss vhiah vill be settlad by some of the axperiments
on ths Opsration iteelf, Portunataly, egain, the estimates for
thernal rediation are suffisiently lov that no prohibitive prodlsms
are imroduced., .
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There iz an ordainty in scaling radiation whish involves whather

M to radicciemical yilsld or

D
In this paper, the theoretisal
uppsr limit is mmdnﬂthhbltnlfnyginnlu.?b?

timss higler then actually obtained. There i{s also  uncertainty
rogarding the transxissiocn of air, because the fireball rises repidly
to grest wights. Vear the surfads of the water, trensxission is

quite low, but ssvaral hundred feet above ths uater tw tramsuission
incresses mriedly., The tramrission sssuwd hare is for very clear
air and oonsidered reasonsbly safe. Althosgh Llugelsd ia ssversl
tundred feet below e Morisom at inlwstok, oo protection is affordsd
from Lbermal redistion becsuse the fireball repidly pam %0 a2 diamster
mny tims this valw,

A distinctive feosture of ths therwal radiatios oe this explosion
wvill te the long time ecales imwolved, mearly 10 tims thet fros a
S KT bosb. It may be peesible t0 see w light minimm and Us
swesquent {ncrease to miximm radistion, wround 2 seacnds. e
thermal recdiation will parsist for some Y0 secands instead of the 3 seconds
for conventional giss wmpons. Pereonmel should be wmrmed that it
is mecsssary to ksep on Um dark goggles for much longer periocds of
time than for conwent ional sise weapons.

32 Total Pwrmal Radistion ¥s Distence

Pigure 10 shows the total tisrmal redistion {a calories/em?
as a function of distence froa \hs bomd. Thess gurves Dave Yoen
derived w the assuption that the t0tal thersal radistios will
repressat 1/3 of the total ylald, The dotted 1imos represent the
valuss of total thermal radiation which would be received 1if

sent per
and sorresponds t0 8 wery clear stmosphere. The full limmes are
considered reascnadls sstimates for strustures mear the grownd,

Tha dotted lines are an axaggerated wppsr limit, more aproprists
to high flying airerafy,

3.3 Zesperatures of Swisoss axposed e Thermal Rediation

Both the "affect of Atomis™ ww-u-cmuw.noum
Wespons™ contain tables which give the eritisal ensrgise ia ealorise/
cx? for s mmber of sommon materials suh es wood, oloth, rubber, asd
plasties. mmmxmummmm-«mumu
the effest of imcressing thess critical emsrgias Wy a facter of )
above the oritical energy required an a Conventional siss weapes.
The fotal thermal rediation ocours over longsr periods of tims, this
pmuummnlmnprmwbnuhumuw
fren the surfase and into the interior of thwir redisted objeot., Por
substances whioh are not shown in such Sables the averasge swrface
temperature mey be estimated roughly from the fellowing equatiom:
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L 7O ] W 6 _73/ o @
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Fhere

8 = absorptivity of the surface.

Tg ® surface texperature, degrees centicrade

W » radiochemicsl yield, kilctons

b = specific hest, cal/px deg

/= cansity, m/cz’

% themal conductivity, cal/cz, dep, cec

@ = anyle of inoidence of therctal radiation of the surface.
Based on this equaticn amd & yield in the ordsr of § NT, Tadle 1
shows the relationship between the surface temperature and the total
thermal radiation, for surface directly exposed to the radiation, winre
T, is the rise ia swface temperstare in °C, ami Qp IS TH TOTAL incident
thermal rediation 1o cal/es?, as given in figure 10,

TARLS )
1, = 0.1 O
0.1
0.h
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The equation above is not strictly correct because it assumes
that tm thermal radiation rate is proportional to 1/t2. This
is reasonabls approximation aftor 2 seconds but prior to this time,
the radiation rate varies in such a way that the surface tempsratures

aay momsntarily go t0 a valus psrhaps 3 times those estimated fron
the above equatioa.

Tahle 1 shows that the most critical materials are rubber and
wood. Por S MT yisld, howevor, the temgeratwe rise will be neglible
for such materisls on Parry and Eniwetok.
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