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1., On the 10th of June, 1952, a conference wastHeTE At tR < BEgOIe

3
Py .
Flanos Sclentific Laborstory for the purpose of discussing IVY evacuation

a
lenning in so far as such plans are deperndent on effects predictions of
$last, thermal, water waves, and radiological conditionms. The agends is
vl @ .

N

f‘;attached as enclosure #l.

2. It was the concensus of the recognized authorities in the

respective fields that results expected at Enivetok from Mike shot arse,

makin

in brief, as follows:
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Expected 4 = 5 M. Reasonably possible maximum 10 MI. Above
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& 10 MT in the region of remote possibility,

' BLAST
(Authoritys Lt.Col. Francis Porzel, Group Leader, Elast Measurements

Group, Los Alamos Scientific Laboratory)

T o)
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5 MT yleld = On Eniwetok 0.7 poBois

/
72

0 MT yield = On Eniwetok 0.9 po‘oig

LO MT yleld - On Eniwetok 1.5 pol_oid
For poSo.i. effects on Parry, add a factor of 15% to above

VP

Eniwetok predictions,
o7 PoBoio = Breaks glass; tears loose canvas.

buckling of metel buildings. Peak equals wind of LC/50 mph but of
For detailed calculations

Little, if any,

momentary duration comparable to a short gust,

g-l-l-‘--'____‘f-‘_n =,
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znd recommendations for specific equipment protection, ees Annex "A%,

Conclueion: Structural damage on Parry and Eniwetok very rinor.
Taks such measures as are reasonably easy to take == labor-wise, tiws-
wise, and small expense,

THERMAL
(Authority: Lt.Col, Francis Porzel - representing the Thermal Group of
Los Alamos Scientific Laboratory)

5 MT = 10 MT will produce 1 calorie per nmzo (It takes about 8
calories per cm? to char wood), For detailed thermal effects, see Annex
nANo

Conclusion: No procautionary measures are required on Parry and
Eniwetok, Will not damage motor vehicle tires, No effect on vapors coning
out of gasolins gtorage tanks,

WATER WAVE EFFECIS
( Authority: Dr, Roger Revelle, Scripps Institution of Ocoanography)

Engebi 100 £t., wave
Rojoa 50 ft., wave
Runit 30 £t, wave
Jeptan 17 £t., wave
Parry 17 £t., wave
Eniwetok 16 £t, waveo

Breakers will be twice size; not dangerous et Eniwetok, Parzy,
or Japtan, Amcunt of yield above 5 MI has no effect as size of wave ig
linited by depth of lagoon, After three or four waves, size falls off
rapicdly. Engebi will be covered by a wash. None of Enlwetok; Perry,; or
Jeptan will be covered by wash.

Small boats hauled up on 9 ft, high beach are safsj hovever; a
rore practical solution presented was that of anchoring the craft in dsep
water not less than 50 fest withoui any other specisl precautions.

Conclusion: Thers is no expected dangsr ashoro from wave sction
on Eniwetok; Parry, or Japtan. No dangsr is anticipated to anchored

egnzll craft except possible anchor drag,

=2 "n |
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FALL CUT
(Authority: Commander Russel N, HMaynard, Headquarters, JIF 132)
Maximum expected on Eniwetck and Parry with worst probably wind
condition is delayed airborne contamination that could raise the lsvel
of the island to Lr/nr after 10 hours or same level out at distance of
180 miles,
Rad=safety limits of exposure are: o3r/week on life time basis,
Total allowadle ons time dosage for IVY is 3r measured gamma only with
specisl provision for pilots of sampling aircraft of 20r measured gsmma
only. A one time dosage of 25r is currently used in civil defense con-
cepts of operations but is not applicable as & general guide in IVY 47?44é94f4‘“
unlese as an accident, However, mo one is expected to be exposed to . ¢ /¥
radiastion rates approaching Lr/hour, If such levels as these should be
experienced on the islands of Eniwetok and Parry, a level of Lr/hour
after 10 hours does not actually decay very rapidly according to cal-
culations for such delaysd fall out, However, from actual field exper-
ience, it has been found that weathering (i.e., wind, rain showers, etc.)
of such fall out on the ground reduces the levels by more than S50% in cone
dey or agcording to tables:
10 hours = 4
20 hours = 2 v
LO hours =1 r
80 hours = .5 r
Little is to be gained by covering large regular objects since when
the reentry can be attempted for persons, levels of radiation on the equip=
ment will in general be low., However, where equipment open tc¢ alrborne
contamination is complex, such &as radio consoles or power control banks
or motor generators, fall out contamination can be materially reduced
fraom collecting in such inaccessible spots by some covering. Hoods, when

closed, on vehicle angines should suffice tc reduce olly, greasy surfaces




from collecting and holding contamination after g1l other surrounding
areas have weathered down to insignificant levels, Food in reefers is
considered safe from contamination., In general, common sense rules
shouldgovemintxyingtoﬁolﬁdwn'mhouutobewmdocm
inating insccessible spots where personnel must later work, and this
should be balanced against cost of manpower and materisl in preventing
contamination,

Salvage canvas, where available, should be used to cover eqip-
ment which has inacoessible spots (perhapa oily or greasy spots) which
are likely to collect airbornme fall out and which will be difficult to
decontaminate, It may be necessary to procure additional material for
covering, should insufficient salvage material be mmho

QENERAL

¥With regard to blast , thermal, fall out hasards, such measures
as are relatively esasy to take, labor-wise, time-wise, and inexpensive,
should be taken, With the exception of special equipment such as
electronics gear, the hazard does not warrant a great amount of labor,
time, or expense for the protection of structures, construction equip-
ment, vehicles, and so forth,

Dr. Graves expressed his opinion that the island c¢an be re- ' |
entered without hazard in 2 - 6 days after Mike shot,

Dro. Draves concurred in the above conclusions. Amdbg other
qualified scientific personnel present who offered no objection to the
conclusions as they pertained to their respective suientific tield# werss

L]




Dr. Bergen Suydam, Dr. Fred Reines, Dr. George White, and Dr. Te=
Shipman of the Los Alamos Scientifiec Laboratory, &s vell as Prof.

J. B. Dias of the University of Mazryland, Instivution of Fiuid

Dynamics,
~
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refiscting surface ir all evspesias-  Duwivg the @amly Iire [ 870t
phass, the radts of work by th- shozk fronv on alr es 2onpars i W :
rats or 8011 or water is ir a ratle mere thay (X w I &n v o
atr. It follows that less than 1 per sent of the ena~py »131 be
transmitted to scll or water during thess stogey Ratant sl
tssts have been consernsd wikh the effact of thermal radlatlon is
atteruating the peak prussuwes iu a blast wave; nir effeg? will t=
a% a minimum or: Mike shot besauss of the glawier angles of ingldance
of thermal radiation; however, the "Ther-al effevi™ will nol be
completely absen? because the firetall altaine & large verticas
height ir a short tims.

Other faztors lead to difficulty in eskimating the effects,
The rise of the fireball and conseguent afterwind leso £ an attenuation
of the blast wave ai close distanses whacr g diffic.ll W ostimais;
this effes? is &% & maximum besause of the Yow ™ LNl of bBursR. Neat;
consi derably higher temperatures may be achieved in this sxplosios
than on an ordinary nuclear explasion; this leads Lo greaksr lossss
in epergy through irreversible heating, te 2 diffeseri "partdtion
of energy", tc the possibility of a greater fesstion af energy appearing
as thermal radiation, and to the pomslibility of a emaller comparable
plast yisld. Again; the explcsion is s> largs that the atmospners
¢an no locnger be considered as homecgenesus; the top =7 the blask
wave will be in rarefied atmosphere a%t & tinme wharn ground pregaures
are still in the regicn of pract¢izal interest. Conelderable blasg
experimentation will be devobed te thia point whisrn may lesad to
a variation of 25 per cent irn yield. ‘pain, &imosohweis inversien
may focus energy upward or downward at lony distanczes; but for an
ordinary bomb, this effezt is usually at preesures mea~ 7.1 ovsd. On Mike
shot, the scaled height of these inversion layers are swh that some
focussing {or defocuasing} of eneargy may oceur at presyures of interest.
Finally, or the space scaie involved here, layers of clouds are close
enough @ be of scme conern beth frem the astandpoint of energy
reflection as wel) as from the standpeint eof providing » shield from
thermal radiatien,

For the mext part the uncertainties liuted are expscted
tc be in the order of 25 to S0 per cent in blast yisld, and small
compared *c the desigr upcsriainty of S te 50 MT, and not sufficiently
large to require epezifie pumerizal treatment.

For the most pari. the dava used ip making these estimatss
ware taksn fror IBF problem M, Which wes assumed to bes 10 KT. This
iscongarvative becazuss it impiiss that bliast efficlency of an
atomlc bomb is O 65 compar:” with TNT The ectawl efficiency may
be as Yew as O 5 fer a comvantionsl weaper and verhapa lower for
& very large weapor.. Mereover; experien s on structures are usually
based on pressure gauge realings, and these are gsnsrally lowar,
perhaps 20 per eent, than the Videal" values queted here.
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2.7 Derived Curve: M

2.2.1 Peuk Ovarpxezswe 75 Diz.an -

Figura % shows the peak refre 7o overpreilwre as a
furction of distame fer tie yields inci e el  Finlhcugs e valuls
have beern taken frem the IBM solutdcr Tiv order 40 be ecnpiavent with
other cu-ves which follew) thege redisticre arc p coud 2g eement wWoth
predictions made cp the besig of Qresnhouss wwer ghet. . There is &
substantial difference; the tower explcic s mie o & SoaF arall
enough that tha pressurea rescided wers =ssvr”la ¥ ro<r a sani
susfars, In this case. the explosion o o & cViF Wity tLs presonl
theory indicatss that somewhat highar ps:e pressw = . sho.lz be obiervad
than if the exploricn occured entirely cve land  within wre firat
few miles fror the bomb, the peek pressu ez may be redwed conyidarably
from the value shown herz by the thermal effezi or. the grousd prier
to shock arrival. At long distances, swh as at Parry and mriwstk,
the pressures may be lower or higher for reascne cited ip Ssc. 2.3
above., However, at lcng distances, the pesk presswre i & slowly
varying function of yield, such that on sight-feld 3roreass in yleld
merely doubles the preszure.

3 1q
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2,2.2 Peak Materiai Velocity vs Distams

Coincidert with the arrival cf the shotk weve La a wave
of material velocity whose peak valwe as a fuwticn of distancs
is given in Fig. 2. The relationship bslvscrn peak matarial selerity
and pydk passure is

5 AP

T

\Gcwg_w 4 7)

here
v © material velority
c

o
e P/Po

ambiznt socund velocity

e

a

overpressure, in atwosphares

The duration of this wind is comparabie to the positi-r:
duration of the blast presawe,

2:.2,3 Pressure s Tims

Figures 3, L, 5, and 6 give estimates for the pressure ¥s
time wave at selected presswre levelis ¢f 4,000, 103, 10 and X p3i and
indizate the variation in the form of ths presswre wave at these prasswe
lavels. At high pressuree and clese in there is nc ragaiive phase; pregsure
dscays assymptotically to zero. Moreover, "length of the pozitive phase"
is strongly influenced in this region by the rise of the firsball, which at-
wnuates pressures shortly after shock arrival, and should reduce the
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effe=t witl lead te a maried o ireval v (1 prek pesmares arg tee wwuss

ries in pressure, irstesd of the ldear o7 oo EadEn here. A%
siightly grea‘er distanes, the tarma’® aif®  will regu.? RE

a "partigl shosk™ rather than a completely sicw riee S'?:.‘_a_zv
further, the shoeck fron® wiil be sha=p 8x showr a2 < At fur ‘
distanres the negat:ve phuse in~reases arnd eventueily the posiilve
angd negative imputse wder the biest was boore equal

Ir trensiating thees curves o &iffsrnt yiolds, il
the distanee and %ime kuot be irred T w - 2, heldirng preseuwrs
constant. In many casss, the aritevicr for structurs:r damege 1@ met
simply peak pressure, but thy predwt of the alr densiiy and the
square of ths matsrial velotity §/-u‘; tiaz blazyt wind resu.cad
in a dynamic pressure on structwesd; the time veriaticn of this
dynamic pressvre may be tekzn as approximaiely simdiar e the
pressure=-tine curec: shown hore,

2.2.4 Tira ¢f Arriead

Figurs 1 gives the time of arrisal of thw shork wass
as a funciion of distance. Thesz curess a» bazed on calrutaiiont
fyom peak pressurcs obusrvaed on tower shets, bul &€ in gord sgresment
with the time-of-arrival curve as predisied from ihe IBM iruz using thie
yield., Urdike peak preaswras, the obgerved time of a~rival should be
indspendant of the typs of surfaze,

2.2.5 Positive Duralion

Figure & shcows the duraticn of the piwitiz=e phaw: ov tns
blast wava as § funtticn of distanee from the bomb. The wpwa o
s#ing of this cwrve at shert distances is assc~iated with the lack
of a negative phase at this pcirt. vhore ascurate exilmares of ke
pressure decay ie required 2% close-in distanczs, the pregsuw o-Uime
curves may be fitted by a powsr law o seni-logarithmis pict. Feoo
example, the cwve showrn for 1,000 psi Can b3y fitted indtaily by

P /6558 and dater by P 1/2°f o p PO L LI

2.2,6 Positive Impulse vs Distance

Figure 9 shows the positive impulse, or j T at &
function of distance. If further information is desited, swh as the
nagative immulse, these values can be de~rived upon reguest.

2.3 Proteation from Blast

2:3.1 Ganeral Rule»

As pointed out earlier, every reasonzble presaulicn must
be taken against the blasi effests and every method which inganuity
suggost should ba used, but no prohibitive problems ave pressnted by
blast. It 1s impossible tc point out here the criterion for all types
of strustures, but the following discussiocn shows the general eharacter
of the clenclusions which may be expectied It is cuggested that test
personnal consider their individual structwres or the basis of the
field variables given in Fige. 1 thru 10.

2. Cw



2.3.2 Previous igperie_. e

: Soms estim-tes for the damap? on structuros at differen.
pressure levels are given in "pffezts of Atomiz Weapurs"; a mere
complete table is available in Par, L8 and Table ¢ of "Capablidtiew
of Atomic weapens"; Department of the Army, Tech Manual TM-23- 200
Department of the Navy, OPNAV-P-36-00.00, Departmeni of the Alx
Forcs, AFOAT 385.2, July 195i.

It should be noted that struriures fail from tws
causes; from peak pressure and frem ths wirds foilowirg the blast
wave, From the standpoint of pressures, the Mike shot presenta ne
pressures much bayord present experience. Accerding te Fig. 1; pressures
on Parry and Zniwetck will be about 0.75 pai; pressures ¢f 0-3 pai
ware observed on Parry and Eniwetok from Dog and George shote during
Operation Greenhouse. A preszvre of 0.8 was cbserved cn Bijirii
from Dog shot. In both cases, numercus strustures were involved, whizh
should furnish pertinent dzta. The reascn for this small inzrease
in psak pressure is becaupe the increase in yield ( P._ W 1/3y 4s
offsst by the greater distance. (Elugeiab is approximately 22 miles
from Parry, compared with 9 miles on rRurit.j with respest to wind
loading, the situation is more saricus because the positive durations ssale
like W i/3,, and are not offse? by an increase in distance. The pesitive
durations for 5 MT are 10 times longer than for 5 KT at the same
distanoce.

2.3.3 Structures

Some general conzlusions may be drawn with regard te
structures. All ordinary window or plates gliasces, espeeially in sizes
over 12 in. are nearly bourd teo break, on Parry and cniwetok. Where
possible, walls facing the blas} wave should be rsmoved as wall as walls
directly behind it, in order to allow pressures to build up more raplidly
within the structure, and to relieve the force from normal reflection of the
blast. If this is not feasible all windows and doors should be left
open. No canras can be used unlesgs it iz strongly secured with at
least grommet-type fastening; plenty of sleck should be allowed,
without taut surfaces: nc large unsurperied separations of canvas
should s drgped over frams wark. Al)l temta should be struck,
{although tents were observed to surve at Nevada Test Site at
approximately this pressure level, but much shortar duration),

The use of berms or sandbagging to protect structwes is of
doubtful value; the waveform is soc long that the peak mressurs can
build up behind the berm bafore any depreciably decay has occured;
of course, some protection 1s afforded from the dynamic wind.

Small plywood strucstures have been observed to withstand
2 psi during soms previous tests and although they failad at slightly
higher pressures, they did so through muitipls reflections from
cornpars., Door frames and hingee fail readily if expceced to the
blast much above 1 psi. Holmes and Narver reports no damage
on the hanger at kniwetck from 0,3 psi on previous shots. At
the 0.8 psi level they repcrt that struciurex bowed on a large wall facing
the blast,




- ) ==FCREF T

It ie ncted that structures do not fail at sore criticsd
pressure level, bit whist over @ vange of resnrey ‘mz‘nao- 2 factor
of 3), the damege is sumevhai vreporifona *o the press s
gbservation on atructures a' Low FEsELl lﬁ-v-;«":t iom hm kz** apcraiel
with soms degres of confidenr# withovt exo“, ing & sudden and serplels
cellapse, In most casee, there is &lway rcrm woak elemeni O &
gtructwre which will fail Jirsty egwbh ws Vewing ir of & panel; 4
stress.,

2.3. 4 Vehicles

Al} canvae t o3 s} ould be rerered "rcm the v "*m’m
should be is anmr‘ frat cr rencred entirely Tiw veh
divertly awsy c¢r tewavd the b.get althoup: 2t 1s o,
for ths radister and hesd ight is &fferd-2 Lf the vhis e 18 fariip
awsy fror the Ylasg,

Qe 305 Aiml%;‘.:;\‘:
A1l aircraft should be evarusied wherever nosgilbie.  For
a2l aircraft {(including helicopters) vhith cannct he eva.uated, the
main wings should be removed, and if left in the cpen, the abrerifs
should face toward the blast,
2.3.6 Boats

No damage is experted tc hulis or any part of waler crafec

which is usually subjected to wave acticn The .7 pail level is aguivaiert

to a head of a 1/2 foot of water which suwh boais habitual iy haterd The

superstructures of thesa creafi are mor= Sg,mp» ‘tie Y blas b '
n

that the unbalanced peak preeswe is of very shore duraiion, swass.
being rapidiy engulfed by the presswe wa'ep for exarple, a mas: of
diamster will feel the psak pressure foo approximately 1/ ef g mallisce
Following thc peak pressure ths biast winds will be of the order of L0
50 milee per hour at Parry er kniwetok tu® these crafi habitvelly withsyveand
these winds.

2.3,7 Storage Tanks

Storage tanke for fliuids should be left full, both
to add mass as well as to prevent the plates from butkling in.

CHAPTER 3
e MAL pFFLCTS

3.1 General

Like blast; an estimata of {thermal effecto required wnawsss 1o
certain uncertairties which will be settled by some cf the aspsrimspts
on the Operation itself. Fertunately, sgain, the estimates for
thermal radiatior are safficiently lew that re prohib tive prcbiems
arae introduced., - .




There is an uncertainty in sceline :<ciztion which invelves whether
the thermal yield is proporticnal tc radie hamiszl yield or proporticnal
to some lower power suth as 4 °f3, Ir. this paper, the thecreticasl
upper limit is assumed and this in ttself may give values 2 i< 7
times higher than actually obtaired. Tnzr- is ales an ugertainty
regarding the transmissicn of air, becauis tre firevall rises rapldly
tc great heights. Near the surfaze of th: waler, tranendesicn ie
quite low, but several hwdrcd fee’ above vhe water the tramsmiseicr
increases merkedly. The transmiasion ass ~ed hers is for very clear
air and considered reasonably cafs. Aithough kluge:rab is several
hundred feet bslow ¢l heriecr at Eniweios, ne pretection is afforasd
from lhermal radiation besause the firebal” rapidly g-:ws ¢ 2 diameter
nany times this value,

A distinctive faature of the ticrma: radiation en this explosion
wil) be the long time ecales involved, rearly 10 times that from &
€ KT bomb., It may be possible to see the iizht minimum and the
subseguent inrcrease to maximum radiatice, arocund 2 secongds. The

thermal radiation will persist for socme 30 sarsonds instead of the 3 sezonds

for conventionsl size weapons. Persomnel should be warred tnat 1t
is necessary to keep or the dark goggles for much lenger psriocde of
time than for conventional size weapurs.

3.2 Total Thermal Radiation ve Distance

Figure 10 shows the tctial thermal radiation in ca?.oriefsjmn?
as a function of distence from ths bord. These ¢urvee have baen
derived using the assumpticn that the total thermal radiaiicn will
ropresent 1/3 of the total yielid. The dotiai lincs represent ths
values of total therma} radizticn which would be received if onw
completely neglected abaorption of thermal radiation by air. The
full linee are based on a trarsmission of “0 par cent per mile,
and corresponds to a very clear atmosphwere  The full lines are
considered reasonable estimates for suru~iures nesr the ground.
The detted lines are an exaggerated upper limih, more a2 propriate
to high flying airerafi.

3.3 Temperatures of Surfaces ruposaed to Thermal Radiztion

Both the "nffect of Atomic Weapons" and "Capabilitias of Atonie
Weapcns" contain tables which give the critical energies in salories’
cmé for a number of common materials such as wood,; 2loth, rubber, and
plasties, The long duration ¢f thermal radiation of this weapon hasz
the effect of increasing these crifical energies by a factor of 3
sbove the critizal energy required con a conventional siso weapon-

Tne total thermal radiation ceccurs over longer perieds of time, this
permits correspendingly longer periods for heat 4 be conducted away
from the swfase and into the intericr of their radiated object. For
substances whieh are not showr in such takies the average swface
tempsrature may be estimated roughly from the fellowirg equation:




a « absorptivity of the surface

Tg = surface texperature; degree:z centipriie

W &« radiochemical yileld, kiloicne

h = specific heat; cal/em dey

/'« density, gm/em3

O™« themal conductivity, cal/em, der, sec

@ = angle of incidence of therral radiation of the surface.
Based on this equation ami 2 yield in the order of 5 KTy Teble 1
shows the relationshir between tlie curface wenperature and the total
thermal radiation. for surfase direcily expcssd to the radistion; where
T, is the rise in surface tempersture in CC,, apd Qr IS THE TOTAL incident

-~
therma) rediaiion in cel/cm® . as piven in figure 10,

TaBLk o
Coppe: t, * 0.3 9
Alvmirian 0.2
Stee! 0-b
e 5
heloot - 10
TR 1f
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The eguation above i° not strictly corrext becausy it essuuss
that the thermal radiation rate 1s proporticnal to 2/t2. Tnia
is reasonable approximaticn afier 2 seconds but prior to this tins,
the radiation rate varies in such a way that the swrfate temparatures
may momentarily go to a value periraps 2 times those estimated Irom
the above eguaiich.

Table 1 shows that the most critical matsrials are rubber and
wood. For 5§ MT yield, however, the temperatuve risa will be negiible
for such materials on Parry ard krniwetox
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