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Subject: Report of Evacuation Flans Confereme. ‘ efhep

~ CRIFIED UNCLASSIFIED
Tos COMMANDER hd U

JOINT TASK FORCE 132 a Oheo 14g?
Washington, D. Co _Ke u we 14°

THIS DOCUMENT CONSISTS OF2Pacers) ! Soo ISre
NOBOF2.7copies, SERIES asdestinedintheAtomic EnergyActof

1954, Its dissemination or disclosure to any

2. On the 10th of June, 1952, a conference was’teTaatomne’Bopibies.3
S Hiamos Scientific Laboratory for the purpose of discussing IVY evacuation; |
gienning in so far as such plans ere dependent on effects predictions of

last, thermal, water waves, and radiological] conditions. The agendse is
o   
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a
ipttached as enclosure #1.
ge

3 @. It was the concensus of the recognized authorities in the
a

respective fields that results expected at Eniwetok from Mike shot are,
fa

    

a
win brief, as follows:

BEST COPY) ; YIELD AVAILABLE

g 38 8 Ba Expected 4 - 5 MI. Reasonably possible maximum 10 MT. Above 5 x oF 3
~ rs & @

@ 10 MT in the region of remote possibility. c 4g
5 > a

: BLAST S St ~
(Authority: Lt.Col. Francis Porzel, Group Leader, Blast Measurements . Sy
Group, Los Alamos Scientific Laboratory) oj Ke A

5 MT yield = On Enivetok 0.7 poBoie q S SS

10 MI yield ~ On Eniwetok 0.9 potoi. R S$
SS

LO MT yield < On Eniwetok 1.5 PoBoic ~ oN

For p.8.i. effects on Parry, add s factor of 15% to abore % ~

Eniwetok predictions, £

Little, if any,of PoB8oin = Breaks glass; tears loose canvas.

buckling of metal buildings. Peak equals wind of 4C/50 mph but of

For detailed calculations N
N

Dt
7
L
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momentary duration comparable to a short gust.
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end recommendations for specific equipment arotection, geo Annex "A",

Conclusion: Structural damage on Parry and Enivetok very minor.

Take such measures as are reagonably easy to take <= labor-wise, tims-

wise, and small expense,

THERMAL
(Authority: Lt.Col, Franeis Porzel=representing the Thermal Group of
les Alamos Scientific Laboratory)

S Mt = 10 MI will produce 1 ealorie per am, (It takes about 8

calories per cm’ to char wood), For detailed thermal effects, see Annex

FAR,

Conclusion: No pFecautionary measures are required on Parry and

Eniwetck, Will not damage motor vehicle tires, No effect on vapors coming

out of gasolins storage tanks,

WATER WAVE EFFECTS
(authority: Dro Roger Revelle; Scripps Institution of Oceanography)

Engebi 100 ft, wave
Rojoa 50 ft. wave
Runit 30 £t, ware
Japtan 17 ft. wave
Parry 17 ft. wave
Enivetok 16 ft. wava

Breakers will be twice size; not dangerous at Eniweotok, Parry,

or Jeptan, Amount of yield above 5 MI has no effect as size of wave is

Linited by depth of lagoon, After three or four waves, size falls off

rapicly. Engebi will be covered by a wash. None of Eniwetok, Parry, or

Jeptan will be covered by washo

Small boats hauled up on 9 ft. high beach are safo; however, a

more practical solution presented was that of anchoring the craft in deep

water not legs than 50 feat without any other special precautions,

Conclusion: There is no expected dangsr ashore from wave eetion

on Enivetok, Parry, or Jantan. No danger is anticipated to anchored

encll craft except possible anchor drag.
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. FALL OUT
(Authority: Commander Russel Maynard, Headquarters, JIF 132)

Maximum expected on Eniwetok and Parry with worst probably wind

condition is delayed airborne contamination that could raise the level

of the island to hr/nr after 10 hours or same level out at distance of

180 miles,

Red-safety limits of exposure are: .3r/week on life time basis.

Total allowable ons time dosage for IVY is 3r measured gamma only with

special provision for pilots of sampling aircraft of 20r measured gemma

only. A one time dosage of 25r is currently used in civil defense con=

cepts of operations but is not applicable as a general guide in IVY -/*/™4 t-

unlese as an accident. However, no one is expected to be exposed to are Vv

radiation rates approaching hrfhour, If such levels as these should be

experienced on the islends of Eniwetok and Parry, a level of hr/hour

after 10 hours does not actually decay very rapidly according to cal@<

culations for such delayed fall out. However, from actual field exper-

ienee, it has been found that weathering (i.e., wind, rain showers, etc.)

ef such fall ont on the grourmi reduces the levels by more than 50% in one

dey or according to tables:

10 hours = 4 r
20 hours - 2 r
LO hours - lr
60 hours = 5 F

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 te airborne

contamination is complex, such as radio consoles or power control benks

or motor generators, fail out contamination can be materially reduced

fram collecting in such inaccessible spots by some covering, Hoods, when

closed, on vehi¢le angines should suffice te reduce oily, greasy surfaces
me pe 8 .

  



 

 

from collecting and holding contamination after all other surrounding

areas have weathered down to insignificant levels. Food in reefers is

considered safe fron contamination. dn general, common sense rules

should govern in trying to hold down'’man hours to be spent in decontam=-

inating inaccessible spots where personnel mst later work, and this

should be balanced against cost of manpower and material in preventing

contamination,

Salvage canvas, where available, should be used to cover equip=

ment which has inaccessible spots (perhaps oily or greasy spots) which

are likely to collect airborne fall cut and which will be difficult to

decontaminate. It may be necessary to procure additional material for

covering, should insufficient salvage material be available,

GENERAL

With regard to blast , thermal, fall out hasards, euch measures

as ere relatively easy to take, labor-wise, time-wise, and inexpensive,

should be taken, With the exception of special equipment such as

electronics gear, the hazard dees 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 can be reo .

entered without hazard in 2 < 6 days after Mike shot, -

Dr. Draves concurred in the above conclusions. Amongother

qualified scientific personne] present who offered no objection to the

conclusions as they pertained to their respective svientific fields were:
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Dr. Bergen Suydam, Dr. Fred Reines, Dr. George White, ard Dr. Ten

Shipman of the Los Alamos Scientific Laboratory, as well as Prof.

Jo Be Diag of the University of Maryland, Institution of Fluid

Dynamics,

my
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direi}    ) aa
reflecting eurface in all eespetia- Duvivg the gatiy irre [

phase, the rate of work by the shetk f¥ornt cn air es compars i to

rate or soil or water is in a ratio were than S(h t& 2 an caver oo

aftr. It follows that less than 1 ner sent of vhe emerpy wiki be

transmitted to sell or water during tnese ste,es Racer. atomic

tests have been comserned with the effect of thermal radiatior. in

attenuating the peak pressuTes in a blast wave j unis effezt ML be

at a minimum on Mike shot because of the giawine angles of inciden-s

of thermal radiation; however, toe "Shera. effect’ wih not be

completely absent because the firerali attains 6 larpe vert ica
height? in a short tim.

Other factors lead to difficulty in estimating the effects,

The rise of the fireball and consequent afterwind leaa te an att@isation
of the blast wave at close distances wiach fe diffie wt tw ostimite:

thie effes? is a a maximum because of the Yow Te ym of Burshe heat,

considerably higher tamperatures may be achieved in this axplosics:

than on an ordinary nuclear explesion; this leads to greater Llossas

in ewargy through irreversible heating, te 2 diffesernt "partition
of energy", to the possibility of a greater fraction of energy appearing
as thermal radiation, and to the poasibiiit; of a amslier comparable
blast yield, Again, the expicsion is so large that the atmospnere
Gan ne loner be considered as homgenesue; the top «5 the blast
wave will be in rarefied atmosphere at a tine when ground pressures
are still in the regicn of practical interest. Coneideratle blast
experimentation wili be devcted te thia point whier may is ar te
@ variation cf 25 per cent in yleld. spain, atmosoteeic inversion
may focus energy upward or downward at icone distances; but for an
ordinary bomb, this effect is usualiy at pressures reat ©. os. Gn Mike

shot, the scaled height eof these inversion jayers are such that sone
focussing (or defecussing} of energy may occur at pressures of interest.
Finally, or the space scac.e involved here, layers of clouds are close
enough te be of some conern beth frem the standpoint of energy
reflection as wel’ as from the standocint ef previding a shield fron
thermal radiaticn.

For the mest part the uncertainties liuted are expected
tc be in the order cf 25 to 50 per cent in blast yield, anc small
compared te the design umcervainty of S te 5C MT, and not suffielently
large to require spetif.e numerical treatment -

For the mst pari. the data usod in making thease estimates
were taken from IEY prebliem M. which wags assumed to be JO KT. This
isconservative because it implies that blast efficiency of an
atomic bomb is 0 65 compar:with TNT The ectual efficiency my
be as Tew as 0 5 for a convarntiosai weapen and vernapa lower for
avery large weapor. Moreorer, experien4 on structures are usually
based on pressure gauge realings, and these are gensrally lower,
perhaps 20 per cent, than tha "ideci" values quoted here.
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2.%¢ Darived Curves

2.2.1 Pesk Ovarpresawe vo Diao”

Figura % shows the peak refire veo overgcelcure 4s 2B

furntion of distame for tire yieids indie ed Prileugs. thee* waiu’

have been takes from the ISM sokutier (a: erasr ts be ecnodavent with

other ecurres which follew) thes? ocredistiene arc im cong ag wement wth
predictions made on the basis of Greenhouse tewev enct. There is &
substantial differents; the tover expircic+s mse tr a Sea mal’.
enough that the pressurea reccided watt esern’ lacy coer a sant

surface, In this case, the exphosion 6 6. ever weisr. the presen.

theory indicates that somewhat highayT pecs pressure shown be obie ved
than if the expiorzien occured entirely cvev Land within ine fire’
few miles from the bomb, the peek prassuves may be reduced conyiderably
from the value shown here by the therma? effec. oy. ihe grovrd peler
to shock arrival. At lone distances, such ax at Parry and Briwstck.

the pressures may bs lewe> ar higher for reasene cifed in Sec, 23
above, However, at leng distances, the pesk preseuTe ls a slowly
varying function of yield, such that on sight-feld increase in yield

merely deubles the pressure.

e
t
y

2.@.2 Peak Material Velocity vs Disvans

Coincident with the arrival cf the shack wave ia a wave
of material velocity whose peak value as a fur-tion cf diatancse
is given in Fig. 2. The relationship be.vecr peak material velotity
and reeprpeure is

5 Ap
et

Ue Po 2 Cy
LEE

Veet. 7)

 

 

nhere

u = material velocity

C, = ambient sound velotity

<> P/P ~ overpressure, in atwospheres

The duration of this wind is comparable to the pesiti-::
duration of the blast pressure.

2of03 Presaure vs Tins

Figures 3, hb, 5, and 6 give estimates fer the pressure ¥¢
time wave at selected pressure levels of 4,600, 105, 40 and % p3i and
indicate the variation in the ferm of the pressure wave at these prassure
levels, At high pressures and clese in there is nce negative phase; pressure
ascays assymptotically te wre. Meresver, "length of the positive phase"
is strongly influenced in this regien by the rise of the fireball, which at
tenuates pressures shortly after shock arrival, and should reduce the
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"length ef the positive phat 2 oar RaUrs oo.

effect with lead te a murned aiinval ce ci ptek po@amares ard the wus. 3 tw

rase in pressure, anateat of tne ideal er ances here. AY

siightiy greater distames, the tarma’ effe wilt reau.t oF

a "partial shock" rather “han a compiet@ly socw rise Sehe

further, the shock front will be sharp as sncvr Ap.t- he fet 7

distances the negative phase increases ans eventually the pe 22 ite

and negative imputse urder the bias. was Poocme equa’

In trensiating these curies to hffernnt yholis, beth
the distance and tim boat be drrced @ wo 3, helidng preseurce

constant. In many cases, the sritecicr. for structure: damage is net

simply peak preasure, but the produit cf the alr density and the

square of the material velovity 4 ut, ti13 blast wind resulta
in a dynamic presswe on structures; the time vardaticn of this

dynamic pressuse may be teks: as appreximaely simihar te tne

preosure-time curece shewn here,

2.2.4 Tira ef Arrival

Figure 1 gives the time of arrisal of the shoek wars
as a function of distance. Thes2 curs a>? based on calsularion:
from peak pressures observed on tower shots, bul e€ in good agreemen.

with the time-of-arrival curve as predistiad from the IBM cuz using thic
yield, Urdike peak preaturtss, the observed time of avrival should be

independent of the typs of surfaces.

2.2.5 Positive Duration

Figure & shows the duration of the positive phass ev toe
blast wave as a functicn of distante from the bomb. The upwea
swing of this curve at shert distances is aasetiaved with the hack
of a negative phase at this pcint. where a*curate encinanes of the
pressure decay is required 2* clese-in distan<s, tha precsy a -lm
curves may be fitted by a powrr law a seni-ieparithmic pict. Fee
example, the curve showr for 1,005 pai can ta fitted initaiv by

Pap 4°55 and later by Pow ifee® os & wee Be BT

2.2.6 Positive Impulse vs Distance

Figure 9 shows the positive impulse, cr I t af &
function of distance. If further information is desived, such as the
magative imulse, these values can be devived upon request.

2.3 Protestion frem Blast

2odok Gereral Rules

As pointed out earlier, every reasonable precaution must
be taken against the blast effects and every method which ingenuity
suggest should ba used, but no prohibitive problems ave presanted by
blast. It is impossible te point out here the criterion fer all types
of structures, but the following discussicn shows tne general character
of the clenclusions which may be expected It is cuggested that test
personnel consider their individual) structwes on the basia of the
field wariables given in Figs. i thre 10.

 



+) SSSEE
os a

203.2 Previous Lxperietwo

Som? estim:tes for the damara on structures at differer.

pressure levels are given in "bffects of Atomiz Weapons"; a mre

complete table is available in Par, 5 and Table ? of "Cepabliities

of Atomic s.eapens", Department of the Army, Tech Manual TM+23- 200,

Department ef the Navy, OPNAV-P-36-00200. Department ef the Air
Fores, AFOAT 385.2, July 1951.

  

It should be noted thet structures fail from two

causes; from peak preesure and frem tha winds fosiowing the blast

wave, From the standpoint of pressures, tne Mike snot presenta no

pressures much beyord present experience. Accerding te Fig, 1; pressures
on Parry and cniwetok wilh be about 0.75 pai; pressures of G- 3 psi
were observed on Party and eniwetok from Dog and Georgs shote during
Operation Greenhouse, A presaure of 0.8 was observed on Bijiril
from Deg shot. In both cases, numereus strictures vere pvOIveCwnilen
should furnish pertinent dsta, The reasen for this smi ine
in peak pressure is besauss the increase in yield ( Pou W 1/ } “a
offaet by the greater distance, (Elugeiab is approximately 22 miles
from Parry, compared with 9 miles on nurit.j with respest to wind
leading, ,the situation is more sericus because the positive durations scale
like W 1/33, and are not offset by an increase in distance. The positive
durations for 5 MT are 10 times longer than for 5 KT at the sare
distance,

2.3.3 Structures

Some gengral contiusions may be dram with regard te
structures, All ordinary window or plates giasses, especially in sizes
over 12 in. are nearly bourd te break, on Parry and sniwetok, Where
possible, walls fesing the blast wave should be removed as well as walls
directiy behind it, in order to allow pressures to build up more rapidly
within the structure, and to relieve the force from normal reflection of the
dlast. If this is not feasible ali windows and doors should be left
open, No camvas can be used unless it is strongly secured with af.
least gromnet-type fastening; plenty of sleck should be allowed,
without. taut surfaces: no large unsupported separations of canvas
should 2s draped over frams work, All tenta should be struck,
{although tents were observed to surve at Nevada Test Site at
approximately this preseure level, but much shorter duration).
The use of berms or sandbagging to protect structures is of
doubtful value; the waveform is so long that the peak pressur can
build up behind the berm before any cepreciably decay has occured;
of course, some protection is affordad from the dynamic wimi.

Small plywood structures have been observed te withstand
2 pai during some previous tests and although they failed at slightiy
higher preseures, they did ao through multiple reflections from
corners. Door frames and hinges fail readily if exposed to the
blast much above 1 psi. Holmes and Narver reports no damage
on the hanger at Lniwetcok from 0.3 psi on previow shots. At
the 0.8 psi level they report that structures bowed on a large wall facing
the blast.

 

 



 

 

It te nected that structures do mt fail at som crlti~ar

pressure level, bit fist ove: a Tange cf xesa.re€y ‘marnan: 2 Lactoxs

of 3), the damege is sumexhat croporifona to the pressure Ths
observation or structures at ice pessoa leve’c ton be eytrapopates

with some degree of confidenss without expecting 2 sudden and complete

collapse. in most cases, there is always sane weak elameni OF a

structiuwe which will fei. first; guch as boewing in cf & panety a4

stress.

2.3.4 Vehiczes

There is of no apparen? reoulrameant t: everuste vehicles
from Parry to E-iwetok nor any apr esiak edvart age in doine &.
Al} canvas ters should be renceved from the vehlejes wiminhdelds
should be lowered fiat er ceneved er-irely The velicle eheuvd fae

directiy away et teward the Piast alfhoup: ti as fal he berter prota ites

for the radiater and headlight: is after ao3 if the pyle ein far
awoy from the rlast.

2.325 Aircraft
All aircraft shoulc be evarusted wherever meseibe. fom

smia@il aircraft (including helicopters) which cannot be eva.nated tha
main wings should be removed, and if lett in the cpen, the airersfs
sheuld face toward the biast.

2.3.6 Boats

No damage is expested te hults or any part of tete
which is usually subjected to wave attien The .7 pal reves in aguivaert
to a head of a i/2 foat of water which such boats habituatay withetend

oD)
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superstructures of those craft are more suscep ble to Lag dang. Wi
that the unbalanced peak orersure is of very sheve duration, ahanl Beals
being rapidiy engulfed by the pressure waves for example, a mas: oF ano in

oO
a
s

3 t

diameter will feel the peak pressure fer anpreximately fh of ¢ miliisccons.
Following the peak pressure ths biast winds will be of the order cof iti *
50 miles per hour at Parry er kniwevok tu> these craft. habitually withsvand
these winds.

2.3.7 Storage Tanks

Storage tanks for fluids should be left full, both
to add mass as well as to prevent the plates from buckling in.

wh

CHAPTar 3

THeMAL oFFECTS

304 General

Like biast, an estimata of thermal effects required enanescs te
certain uncertainties which will be settled by some cf the axnerimants
on the Operation itself. Fertunately, egain, the estimates for
thermal radiation are sufficiently lew that neo prohibttive prcbiems
are introduced.

  



 

There is an uncertainty in ecal.ine :ccaetion wich involves whether

the thermal yield is proporticnalt radi¢ bemical viet ® or proportional

to some lower power such as i of, Ir, this paper, the thecretical

upper limit is assumed and this in itself may give values 2 ix 7

times higher than actually obtaired. Tasr is aleo an uncertainty

regarding the transmission of sir, because tna fireball rises raplidig

tc great heights. Near the surface cf th: water, traneniesicn is

quite low, but several hundred fee* above rhe water the trenmsmissicr.
increases merkedly. The transmission ass..ed here is for very clear
air and considered reasonably cafe. Although Liuge:ab is several
hundred feet, below tit horicar at Eniwetos, ne protection is afforded

from thermal radiation besause the firebal” rapidly g-iws tc @ diameter
many times this value.

A distinctive feature of the tinsrmal radiation on this explosion
will be the long time ecales involved, marly 10 tims that from «
& KT bomb. It may be possible te see the Light minimum and ths
subseouent increase to maximum radiation, around 2 seconds. The
thermal radiation will persist for soma 30 saconds instead of the 3 seconds
fer conventional size weapons. Personnel sheuld be warned tnat it
is necessary to keep on the dark epcpzgkesa for muth lenger péricds off

time than for conventional size weapons.

3.2 TotaX Thermal Radiation vs Distance

 

Figure i0 shows the total thermal radiation in calories tin”
as a function of distence from ths bomb, These curves have heen
derived using the assumption that the tetal thermal radtatian wilt
represent 1/3 of the total yisid. The dotted Lincs represent the
values of tota: thermal radiation which would be received if ons
completely neglected absorption of thernai radiation by air. The
full lines are based on a transmission of £5 per cent oer mile,,
and corresponds to a very clear atmoarhere The fui lines are
considered reasonable estimates for strutiures near the ground.
The dotted lines are an exagrerated upper Limit, more e.prepriate
to high flying aircraft,

303 Temperatures of Surfates niposed to Thermal Radiatian.

Both the "affect of Atomic Weapons" and "Capabilitias of Atomic
Weapons" contain tables wiich give the critical energies in calories!
em’ for a number of common materials euch as wood, loth, rubber, and
piasties. The long duration cf thermal radiation of this weapon haa
the effect of lmreasing these critical energies by a facter of 3
above the critical energy required en a conventional size weapon.

Tne total thermal radiation occurs over lenger periods of time, this
permits correspondingly longer periods for heat to be conducted away
from the surface and into the interior of their radiated object. Fer
substances which are not shown in such takes the average surface
temperature may be estimated roughiy from the following equation:

  



 

absorptivity ef the surface

Tg = surface temperature, degree? senips ce

radiochemical yield, kiloicne= «

> r specific heat, cal/em dey

/*= density, gm/om

Ow themal conductivity, calfem, der, see

@ = angle of incidence of thermal radiacion of the surface.

Based on this equation ami a yield in the ovier of 5 HT, Table 1

shows the relationship between the surface vemperature and the total

thermal radiation. for surface directly expcssd to the radiation, where

©
T, is the rise in surface tempereture in “C, and Qp IS TH TOTAL incident

tS

thermal, rediation in cel/em® as civen in ficure 10,

TABLE ¢
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Tos ecuation above is not strictly cerrest bscausa it assunes
that the thermal radiation rate is proporticnal to 2/t2. This
is reasonable approximation afver 2 seconds but prier to this tim,
the radiation rate varies in such 4 way that the surface temparatures
may momentarily go to a value perhaps 3 times those estimated from
the above equaticr.

 

Table 1 shows that the most critical mtsriais are rubber and
wood. For 5 MT yield. however, the temperature risa will be negiible
for suth materials on Parry ard Eniwetex.
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FIGURE 3
PRESSURE VS TIME
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FIGURE 5
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