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ESTIMAT. OF BLAST AND THERMAL KTF:CTS ON MIKE SHOT - OPSRATION IVY

- 4

Lt- Col. Pranois B. Porssl, Grow leadsr, J-10, Blast Msasuremnts
Oroup, lLos Alsmos Scisntific Laborstory

CEAPIER 1
GENERAL

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

Because of the limited siss of hniwetcok Atoll, ome cannot afford
the lunxy of protectiang island installstioms against my possible
yisld, mnd for that matter, it would %o imprudmt to attempt to do so.
Fortunstaly, the blast and thermal offects ssals in such a way thel mo

but every recsonshls precautioms

R

T
5o ‘f
ks #

1mara BEST AVAILABLE COPY

tain fastors lend simplicity to the estimste of blash effechs
the Nim shot. Because {1 is a surfase Wret, a rellection Noter
besn saued for tUwee predictions, msaning that the blash
sispbare whose peak pressses snd uersforme and radil
Seseume
oompared with the shot
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2.2.1 Pesk Overpressws ve Pistense

Pigure 1 shows the pesk reflescted over; ressure as a
fuwtion of distance for the yislde indicated. Although these valwes
have been takes from the IBM solwtien (ia erder to De consistent with
other ourves which follow) thess redictioms are in cood spemment W th
predictions made on ¢he baxis of Uresnhouss tever shots. Thwre 15 3

than Af explosion otoured entirely over land. Within thw first
fov nilss fres te YWord, ths peak presewres axy be reduced considerably
from the valw shown here Uy the thearmal effect os tim ground mrior

2.2.2 Peak Material Velosity ve Distance
Coincident vith the arrival of the shock weve is a wvave

where
W T material veloeity
C, : amhiant sond velosity
OP/P° < overpresswre, ia atmospheres

The curation of this vind {s comparsble to the positi-w
durstion of the dlast presawre
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Fgures 3, L, 5, and 6§ give estimtas for the pressuro vs
tirm vave at selested wersEw af 1,000, 100, 10 and 1 ps} and
fiadicate the variation in the form of the pressure wsve st these wussure

levels, AR biph presswrvs and loee ina there is 5o megative phane; prvesure

decxyr assymptotically o sere, Meteover, "langth af the poesitive phase”

1s strongly Laflwnoed in this regima Wy the rise of the fireball, which at

tanustas presaures shortly after shosk arrival, and should reduce the
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It is noted that structwes do not fall st somw critical
presswe level, but that >ver a range of ressres (mrhse a factor
of 3), the damage is somsuhat proportional to the measure. The
observation on structares at lov mressure lavels can be extrapolated
with soms degree of confidenoe vithout expseting & suldsn and complate
collapss. In moct cases, there 19 alvays saxe weak elsment oo &
structurs which will fall first; sush as blowing in of a panel; 4in
stress.

2.3.L Vehicles

Theare s of n> apparent requiremsnt to avacumts wehicles
from Parry to E=iwetok nor my spreciabls advantage in doing so.
All canvas tope should be removed from the vehiclse. Windshislds
should be lowared flat or removed entirely. s wvehicls sbould faoe
directly auay of toward the blast although it is felt that bettar protection
for the radiator and lmadlights is afforded if the wehicla iz fasing
oy froa the blast,

2:3.5 Alrcrafy

All adreraft should be evasusted wharever poesibla, For
smal) sireraft (lacluding belicopters) which cannot be evacuated, the
nmain wings should be removed, and if left in the open, the aircraft
should fice toward ths blast.

2.3-6 Boats

¥o damage 15 axpected to hulls or sy part of watsr eraft
which is usually suwjectad to wave action. The .7 pei Jewel is equivalent
to a head of & 1/2 foot of water which such boats hadituslly withetand. The
supsrstructures of these craft are more susceptibls 10 blast damage but we recall
that the wunbalanced peak cresswe is of vary short duration, small outjects
being rapidly engulfed by the pressure wave; for example; a mast of ) in. in
diamter will feel the peak pressure for approximstaly 1/h of a millisecond.
Following thc peak pressure tte blast winds will be of the order of LO to
50 miles par howr st Parry or bniwetok bat these eraft habitually withstand
thess winds,

2.3.7 Storags Tanks

Storage tmics for flulds should be laft full, twoth
to add nass as wll as %0 prevent ths plates from buskling in.

CERPLR 3
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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 itself. Portunately, again, the estimates for
thernal rediation are suffisiently lov that 5o prohibitive problems
ares imtroduwed, .
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There is an uertsinty in scaling radiation whish i{rmvolves wather
thernal yisla L mmummmnmuc

sam lowsr power suoh a8 ¥ °/).  In tMis paper, the theoretioal
r limit is assuwd d this in iteelf msy pive valwse 2 t0 7

highsr than actually obtained. There is aleo n uncertalmty
regarding the transxissiocn of alr, because the fireball rises repidly )
o grest leights. Near the surface of the water, transxiesion is L
quite low, but ssveral hundred feet adove the vatar Uw tramsuission i -
incresses mriedly. The tramrission sssuwmd hare is for very clear :

air and oomsidered reasonsbly ssfe. Althosgh Llugelsd ia ssversl
tundred feet below e Morisom at hnlwtok, oo protection is affordsd
from Lbermal redistion becsuse the fireball repidly pam % a dlamster
mny tims this valw,

5§

i

A distinctive fosture of ths thermal radiatios oe this explosios
vill t» the long time ecales imwolved, mearly 10 tims thet fros a
S KT bosb. It may be peesible 10 see thw light minimm and the
swesquent {ncrease to miximm radistion, wround 2 seacnds. T
thermal radistion will parsist for some )0 secande imstead of the ) seconds $
for conventional siss wipons. Pereonnel should be wmrmed that it
is mecsssary to bsep on Um dark goggles for much longer pericds of
time than for convent icnal sise wapons.

32 Total Twrmal Radistion ¥s Distence

Pigure 10 shows the %otal tiarmal redistion {a calories/em?
as a function of distence froa ths bosb. These gurves bave en
derived w the sssumption that the total thermal radistios will
represeat 1/) of the total ylald, Thw dotted lince represenmt
valuss of total thermal radiation which would be received 4f
complataly meglected adeorption of thermal radiation Yy alr.
full lines are Daged on & Sranenission of 80 per sent per milde
and sorresponds t0 8 wry clear stmosphere. The full limms are
considered reascmadle sstimates far strustures msar the grownd,
The dotted lines are an exaggerated wpper lismdt, more apropri
to high flying airerafy,

3.3 Yesperatures of Swisoss axposed o Thermal Rediatiom

Both the "affect of Atomis Weapons” and "Capadilities of Atomis
Wespons” contain tables which give the eritisal ensrgise ia ealorise/
cx? for s mmber of eommon materials such es wood, oloth, rubber, asd
plastios. The long durstion of theraal redistion of this weapoa has
the effest of imcressing thess aritical ensrgins Wy a facter of )
above the oritical energy required an a Conventional sise weapes.

The total thermal redistion ccours over longsr periocds of tims, th
permits sorvespondingly longer psriocds for heat 40 be condnoWed mey
frea the surface and into the interior of Lhwir redisted objeot., Por
substances whioh are not showm in such tablss the average swrface
tanperature may be estimated roughly from thw fellowing equatiom:

) ~ \I——x_:o SNL
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Rhere

8 = absorptivity of the surface:

Tg ® surface texperature, degrees centicradce

W = radiochemicsl yield, kilctons

b = specific best, cal/pr deg

/= cansity, p/cx’

T themal conductivity, cal/ce, deg, cec

0 = anyle of incidence of thertal radiation of the surface.
Besed on this equaticn ami & yield in the ordsr of § NT, Tadle 1
shows the relationship between the surface tempsrature and the total
thermel rediation, for surface directly exposed to the radiation, winre

Ty is tn rise 1n suwrface temperstare in °C, amd Qp IS TH TOTAL incident
the rmal rdhthnucd./uz, & given in figure 10,

TABLE )
1, * 0.1 Qp
0.1
0.k
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The equation above is not strictly correct because it assumss
that tm thermal radiation rate is proportional to 1/t?., This
is reasonabls approximation aftor 2 seconds but prior o this time,
the radiation rate varies in euwch a way that the surface tempsratures

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

Tahls 1 shows that the most critical meterials are rubber and
wood. For 5 MT yisld, howovor, the temgerature rise will be neglible
faor such matarisls on Parry and Eniwetok.
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