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lenning in so far as such plans are dependent on effects predictions of

last, thermal, water waves, and radiological conditions. The agends is

tached as enclosure #1l.
It was the concensus of the recognized authorities in the
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in brief; as follows:
BEST COPY
TIELD AVAILABLE
— 3838 2
Expected L = 5 MI, Reasonably possible maximum 10 MT. Above [ >2< 8 §
D& m &
Z 10 MT in the region of remote possibility. p 3 3
< Z I
' BLAST g é{ I~
(Authoritys Lt.Col., Francis Porzel, Group Lesder, Elast Measurements , ~
Group, los Alamos Scientific Laboratory) § \"Q \‘7)\
. @ N
S MT yield - On Enivetok 0.7 peBoi. < ?g D
10 MT yield = On Eniwetok 0.9 p.#.i, \g §
RN .
Lo M1 yield = On Eniwetok 1.5 Pol_oid '\\\ &\
For pos.i., effects on Parry, add s factor of 15 to sbove % i
S N
Eniwetok predictions, ~ &
of PoBoi. = Breaks glassjy tears loose canvas., Little, if any, &
buckling of metal buildings, Peak equals wind of LC/50 mph but of
For detailed calculations /

momentary duration comparable to a short gust,
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and rocommendations for specific equipment protection, ses Annex “Af,

Conclusion: Structural damage on Parry and Eniwelok very rinor.
Taks such measures as are reasonably easy to tzke == labor-wise, tims-
wize, and small expense,

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

5 MT - 10 M will produce 1 calorie per em?, (It takee about 8
calories per cr® to char wood), For detailed thermal effects, see Annex
TAR,

Conclusion: No procautionary measures are required on Parry and
Eniwetck, Will not damage motor vehicle tires, No effect on vapors coming
out of gasoline storage tanks,

WATER WAVE EFFECTS
(Authority‘ Dr, Roger Revelle, Scripps Institution of Ocoanography)

Engebi 100 £1., wave
Rojoa 50 ft, wave
Runit 30 £t, wave
Jeptan 17 £4, wave
Parry 17 £+, wave
Eniwetok 16 ft, wavo

Breakers will be twice size; not dangerous at BEniwotok, Parry,
or Jegtan, Amcunt 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
rapidly. BEngebi will be covered by a wash, None of Eniwelock, Perry; or
Japtan will be covered by wash.

Small boats hauled up on 9 ft, high beach are safo; however; s
nore practical solution presented was that of anchoring the craft in desp
water not less than 50 feet withoul any other special precautions.

Conclusions Thers is no expected dangsr ashore from wave gction
on Eniwetok; Parry, or Japtan- HNo dangasr is anticipated to anchored

enell craft except possible anchor drag.
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FALL CUT
(Authoritys Commander Russel N, Maynard, Headquarters, JIF 132)

Maximum expected on Eniwetck and Parry with worst probably wind

condition is delayed airborne contamination that could raise the level
of the island to Lr/hr 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 allowable ons time dosage for IVY is 3r measured gamma only with
specisl 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 & general guide in IVY Afﬁ{/“@ ‘/‘ b
unless as an accident. However, no one is expected to be exposed to .. /Y
radiation rates approaching Lr/hour, If such levels as these should be
experienced on the islands of Eniwetok and Parry, a level of Lr/hour
af'ter 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 50% in one
dey or according to tables:

10 hours = 4 r
20 hours = 2 r
LO hours = 1 r
80 hours = .5 »

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 airborme
contamination is complex, such as radio consoles or power control banks
or motor generators, fall out contamination can be materially reduced
fram collecting in such inaccessible spots by some covering, Hoods; when
closed, on vehicle angines should suffice tc reduce oily, greasy surfaces




from collecting and holding contamination after &1l other surrounding
areas have weathered down to insignificant levels. Food in reefers is
considered safe tx'om contamination., In general, common sense rules
should govern in trying to hold down man houre to be spent in decontam-
insting insccessible spots where persomnel 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 ocover eqip-
ment which has inacoessible spots (perhaps oily or greasy spots) which
are likely to collect airborne fall out and which will be difficult to
decontaminate, It may be necessary to procure additionsl material for
covering, should insufficient salvage material be mmho

QENERAL

With regard to blast , thermal, fall out hasards, such measures
as are 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 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 can be re- '
entered without hazard in 2 = 6 days after Mike shot,

Dr. Draves concurred in the above conclusions. Amang other
qualified scientific personnel present who offered no objection to the
conclusions as they pertained to their respective sulentific tield# weras
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Dr, Bergen Suvydam, Dr, Fred Rcines, Dr. George White, and Dr. Tz
Shipman of the Los Alamos Scientifiec Laboratory, as well as Proi,

Jo B. Diag of the University of Maryland, Institution of Fiuic

Dynamies,
~

DC/PIH/by ’ DUHCAN CURRY, JR.
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refiscting surface in 21l evspecis-  Durlug the 8300
phass, the rads of work by th- shozk fronw on alr es covpars i W

rate or 8511 or water is in a ratico more than (0 w I &n Javewr o
atr. It follows that less than 1 per gemt of ihe ers~py #ill e
transmitted tc soll or watsr duriry thess stzged  Racenu alwnlc
tsste have been concernsd wikh the effact of thermal radlatlo is
atteruating the peak prussures i a blast wave; lnir effeg? will te
az a minimum on Mike shot becauss of the glawinr angles of treidence
of thermal radiation; however, the "Iteyral effect™ wijl not be
completely absen? because the firetall attaine s large verticas
height ir a short tims.

Other factors lead to difficulty in eskimatirng the effects,
The rise of the fireball and conseguent afterwind leso £ an attenuation
of the blast wave at close distanses w.acr e ciffic il W ostimais;
this effes? 1is &% & maximum besause of the low ™ LNt of bBursR. Neal;
consi derably higher temperatures may be achieved irn this axplosios
than or an ordinary nuclear explesion; this leads Lo greaker lossss
in epargy through irreversible heating, te 2 diffesernt "partdtion
of energy", tc the possibility of a greater fastien of energy Rppezriny
as thermal radiztion, and to the poasibilily of a amaller comparable
plast yisld. Again; the explcsion is so large that the atmospners
¢an nc longer be ccnsidered as homcgenesus; the %op -7 the blasd
wave will be in rarefieZ atmosphere a% a tine whern ground pregsures
are still in the regicn of practizal intereat. Cloneiderable hlast
experimentation will be devoted te thia point whien may lsad two
a varlation of 25 per cent irn yield. ‘pain, swmosohwweic invarsiena
may focus energy upward or downward at lony distances; but for an
ordinary bomb, this effert is usually at preesures mea~ 7.1 oed. On Mike
shot, the scaled height of these inversion layers are swh that some
focussing {or defccussing) of energy may otzur at pressures of interest.
Finally, or the space scaie involved here, layers of clouds are close
enough @ be of some conern both frem the atandpoint of energy
reflection as well as from the standpeint of providing » shisld from
thermal radiatien.

For the mext part the uncertainties liuted are expacted
tc be in the order of 25 to 50 per cent in blast yisld, and small
ecompared *c the desigr upceriainty of S te 50 MT, and not sufficiently
large to require spezifir numerizel treatment.

For the most pard. the dava uwsad ip making these estimstes
ware taken fron IbF problem M, Which was assumed to bes 10 KT. This
iscongzrvative beczuse it impiiss that bliast efficiency of an
atomlc bomb is O 65 compar:” with TNT The ectasl efficiency may
be as Yew a5 O 5 fer a comvantionsl weaper and pverhapa lower for
& very large weapor.. Moreover, experien-s on structures are usually
based on pressure gauge rea2lings, and thsse are gsnsrally lowar,
perhaps 20 per ecent, than the "ideel" valuss quoted here.
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2.7 Derived Curve: M

2.2.1 Pesk Overpresswe 7y Dizear -
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D
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Figura ¥ shows the pesk refe Ted overgreilwe &s a
furtction of distame for Lre yields indi & ed  Prilicug whess valuls
have beer taken frem the IBM scluticr (1 crder fo be aincisient with
other cueres which follew) thegs redistirre nro ip cord 2y eement wWoth
predictions made cn the besig of Qreerheuss fewer ghrte. There 15 &
substantial difference; the tower explocic's mie o & scaf grall
enough that tha pressurea reccided wers ~ssvr’” la ¥y ro<r a sani
suw fers, In this case. the expiosion o o & cviy weisy. thes presord
theory indicatas that somewhat higha™ ps:z pressuw s . sho.l 24 b obue ved
than if the explorien otcwred entirely cve land.  within e firast
few miles frow the bomb, the psgk pressue: may be redwed considerably
from the value shown hersz by the thermal effeci or. ihe grourd prier
to shock arrival. At long distantes, swh ax & Parrv and kniwstck,
the pressures may bs lower ar higher for reascne cifed ip Sec. 2.1
above, However, at long distances, the peak pressure 1g & slowly
varying function of yield, such that on sight-<feld 3roreaszs in yield
merely doubles the pressure.

Loy

2,2.2 Peak Materisi Velocity vs Distams

Ceincidert with the arrivsl cf the shotk wave ia a wave
of material velocity whose peazk valwe as a fumw tign of distancs
is given in Fig. 2. The relaticnship bslivecrn peak material vele2ity
and ryed passure is

5 AP

o

Ve Po . Cq

\G((xé?z_ﬁ 4 7)

where
¥ = material velocity
C, = ambient sound velocity
QP/PO ~ overpressure, in atwosphares

The duratieon of this wind is comparahie to the pesiti-.
duration of the blast presswze.

2:.2.3 Presasure vs Tins

Figures 3; L, 5, and 6 give estimates fer the pressure ¥s
time wave at selected wesswre levels of 1,000, 103; 10 and X p3i and
indicate the variation in the form of the pressure wave at these prassure
levels., At high pressuree and clese in there is nc negative phase; pressure
dscays assymptotically te zero. Moregver, "length of the positive phase"
is strongly influenced in this region by the rise of the firsball, which at-
tenuates pressures shorily after shock arrival, and should reducé the
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vlength of the positive phes :
effe=t witl lead te a muvied o-ifival cr (I Rk [ ewmares arg tee
rise in pressure, irstesd of the ldear v EaEL here. A%
siightly greater distanies, the tarma’ /{f» will resau:? *f

a "partigl shotk™ pather than a complefely sicw riee S'-.{;iﬂ_‘z'
further, the shoek fron® will be sharp 8x zhowr a2 % At fur y
distanres the negative phasa inm~reaszes ard eventually the poatidve

and megative imputse wder the blast wa® borcre egqual

iTom s A

Ir trensiating thees curves to diffsrvnt yiolds, boin
the distanse and %ime Bust be imed T W o 2, helding presewrcs
constant. In many cases, the aritericrn for structurer damege ig pot
simply peak pressure, but the prodwt ¢f the alr dengdty and :t.he
square of ths matarial velosity % ~u®, tia:z blaz? wind resuita
in a dynamic¢ pressuwre on structured; the time veriaticn of this
dynamic pressure may be tekzn as approximadely similar Se the
pressure=-tine curec: shown hore,

2.2.4 Tire ¢f Arrieal

Figurs I gives the time of arrisal of the shork wass
as a funciion of distance. Thesa cursss a2 based on calrulalions
fyom peak pressurcs obaerved on tower shets, bul &€ in good sgresmeni
with the time-of-arrival curve as predisied from ihe IBM ruz using thie
yield, Urdike peak preszwas, the observed time of arival should be
independant of the typs of surfazs,

2.2.5 Positive Duralion

Figure 8 shows the duraticr of the poziti=e phav. o tos
biast wave as & functicn of distance from the bomb. The wpus o
swing of this curve at shert distances is asscolaled with the Jack
of & negative phase at thie point. shore ancurate exihmares of he
pressure decay is required 2t close-in distancis, e pressue-iome
curves may be fitted by a powsr law o sgenl-logarithmls pict. Feoo
example, the cwve showr for 1,000 psi Can ba fitted inltaily by

P/y l/tc68 and later by P s 1/&08 e P /‘,af}gﬁ K]

2,2,6 Positive Imrulse vs Distance

Figure 9 shows the positive impulse, or j T ar 8
function of distance. If further infermation is desiied, swh as the
magative immulse, these values can be de~rived upon request.

2.3 Protestion from Blamt

2,3.1 General Ruwlie»

As pointed out earlier, every roasonable presaulicn must
be taken against the blasi effests and every method which irganuity
suggee¢ should ba used, but no prohibitive problems ave presented by
blast. It is impossible %o peint out here the criterion fer ail types
of strustures, but the following discussion shows the general character
of the clonclusions whizh may be expectsed. It is cugges=ted that tesd
personnsl consider their irdiwidual structwres on the basis of the
field variables given in Figs. 1 thru 10.
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2,3.2 Previous kxperied T

Soms estim-tes for the damaga on structuros at differen.
pr'esaure levels are given in "bffezts of Atomiz Weapors"; a mere
complete table is available in Par. L8 and Table ? of "Cespabliities
of Atomic weapens"; Department of the Army, Tech Marma.i T=23-200;
Deparwment of the Navy, OPNAV-P-36-00.00. Departmeni of the Alx
Force, AFOAT 385.2, July 195%.

It should be noted that struriures fail from two
causes; from peak pressure and frem tha wimds foliowirg the blast
wave, From the standpoint of pressures; the Mike shet rresents ne
pressures much bayord present experience. Accerding te Fig. 1; pressures
on Parry and iniwetok will be about 0.75 pai; pressutes of O- 3 pat
ware observed on Parry and Eniwetok from Dog and George shots during
Operation Greenhouse. A preszure of 0.8 was observed on Bijirii
from Dog shot. In both cases, numercus structures were involved, which
should furnish pertinent dzta. The reasen for this small ins
in peak pressure is because the increzse in yield ( P._ W 1/ ) is
offsst by the greater distance. (Elugeiab is approximately 22 miles
from Parry, compared with 9 miles on Awrié.j with respect to wind
loading, ,ithe situation is more saricus because the positive durations scale
like W i/ 3, and are not offset by an increase in distance. The pesitive
durations for 5 MT are 10 times longer than for 5 KT at the sare
distanoce.

2.3.3 Structures

Some general conzlusions may be drawn with regard te
structures, All ordinary window or plates glasces, especially in sizes
over 12 in, are nearly bourd to break, on Parry and cniwetok, Whore
possible, walls facing the blas}i wave should be removed as wall as walls
directly bechind it, in order to allow pressurez to build up more repldly
within the structure, and to relieve the force from normal reflecticn of the
blast. If this is not feasible all windows and doors should be lef%
open, No canvas can be ussed unless it iz strongly segured with at
least grommet-type fastening; plenty of slack should be allowed,
without taut surfaces; nc large unsupperted separations of canvas
should s draped over frams wark. Al) tents 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 wavefarm is so long that the peak pressurs can
build up behind the berm basfore any cdepreciably decay has occured;
of course, some protoction 1s affordad from the dynamic wind.

Small plywood struttures have been observed te withstand
2 pal during soms previous tests and although they failed at slightly
higher pressures, they did so through multipls reflections from
cornars. Door frames and hingee fail readily if expeeed to the
blast much above 1 psi. Holmes and Narver reparts no damage
on the hanger at kniwetok from 0,3 psi on previous shots. At
the 0.8 psi level they repcrt that struciures bowed on a large wall facing
the blast,
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It is ncted that structures do not fail at sore crltdral
pressure level bt wist over a2 Tange ¢f resurey ‘parnani: 2 factor
of 3), the damege is somewhat uroporifona *o the pressure TiB
cbservation or strurtures at Low possso2 leve's con b erivapolatel
with soma degree of confidenws without expecting & sulden and somplels
cellapsa, In most cases, there is always aome weak elsmrri OJ &
gtructwe which will fail firsty gwd a8 Vewing ir of & panelj in
stress,

2.3. 4 Vehicles

There is of no apperen’ reguirament o
from Parry to E-iwedok nor any epp goick . zdvartags
Al) canvae tops should be remeved DHom thz vehlelss w
should e lgwered fiat cr reswred enfirely  Tiw velidcl=
directly awsy cr teward the b.gst althoup: =t is 27 hs 3.
for ths radisaster and head’ight: is e.ff’f"‘* L the vhise e fariiy
awsy fror the Ylasi,

Qe 305 Airecraft

A1) aircrafi should be evarusted whersver nosgibie. Foo
snall aircraft (including helicopters) whi:th cannct be eva.ual

main wings should be removed, and if left in the cpen, the aue’:nf@,

should face toward the blast,

2.3.6 Boats

No damage is expested tc hulis cor any part of waler
which is usually subjected to wave acticn The .7 pal level i:
to a head of a 1/2 foct of watar which surh boais habitual iy withs
superstructures of thess crafy are more s«.,.,:,ep; tle o blas’ dangis
that the unbalanced peek prerzswe is of very sheve duraticon, snail

being rapidiy engulfed by the presswe waey for sxarple, a nus: o in &
diameter will feel the pesk pressurs for acproximate”"y /L ef g rallisceond
Following the peak pressure ths biast wirds will be of the erder of L0 w

50 miles per hour at Parry er kniwstok tu® these erafi habitvelly withsvand
these winds.

2.3,7 Storage Tanks

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

CHAPTzR 3
THe MAL pFFRCTS

3.1 General

Like blast; an estimata of ithermal effects required ansuess tc
cartain uncertainties which will be settled by some cf the axparinents
on the Operatiocn itself. Fertunately, sgain, the estimates for
thermal radiatior are sufficiently lew that nc prohibitive preblems

are introduced, =€m5¥ .l i i




There is an uncertainty in s¢aiine rctiziion which involves whether
the thermal yield is proporticnal t¢ radrc hamical vie:® or properticnal
to some lower power such as u °19. Ir this paper, the thecretical
upper limit is assumed and this in itself may give values 2 i< 7
times higher than actually obtaired. Trsr  is alec an wweritalnty
regarding the transmissicn of air, because %ne firetall rises rapldig
tc great heights. Near the surfase cof the water, traneriesicn ie
quite low, but sewsral hwdred fee: abovs vhe water the tramsmissicr
irncreases merkedly. Ths transmiassion ass.=ed hers is for very clear
air and considered reasonably ca®s. Aithough kluge:ab 1s several
hundred feet below ©i: herigei: at Eniweion, ne pretection is afforaed
from lhermai radiation besause the firebal’ rapldly g-:ws % & diameter
nany times this valuwe,

A distinctive feature of the tizrmal radiation cn this explosion
wil) be the long time ezales inwolved, rearly 10 times that from e
£ KT bomb, It may be possible to see the iizht minimum and the
subseguent ircrease to maximum radiatice, arcund 2 seconds. The

thermal radiation will persist for some 30 sasonds instead of the 3 sezonds

for conventionsl size weapons. Persornel should be warred that 1t
is necessary to keep on the dark goggles for mush lenper pericds of
time than for conventional size weapors.

3.2 Total Thermal Radiation ys Disiance

Figure 10 shows the toctal thsrmal radiation in ca?.orieaj:?m?
as a function of distence from ths bormd. These curvee have been
derived using the assumpticn that the total thermal radlalicn wili
ropresent 1/3 of the total yiseid. The dotiad lincs represent the
valiues of total thermal radizticn which would be recelved 1if on®
completely neglected abaorption of therral radiation by air. The
full linee are based on a trarsmission of “O p2r ecent per mile,
and correspends to a very clear atmoarhwere  The full lines are
considered reasonable estimates for strusiwres near the ground.
The dotted lines are an exaggerats®d upper limih, more zpropriate
to high flying airerafi,

3,3 Temperatures of Surfasea ruposed to Thermal Radiaticm

Both the "wnffect of Atomic Weapeons" and "Capabilities of Atomic
Weapens" contain tables which give the critical energies in calories/
cm? for a number of common materials such as woed, 2loth, rubber, and
plastics., The long duration c¢f thermal radiation of this weapon haz
the effect of imrreasing these criftical energies by a facter of 3
sbove the critizal energy required on a conventional siso weapon-

Tne total thermal radiation cocurs over longer perieds of time, this
permita correspondingly longer periods for heat 1o be conducted away
from the swface and into the interior of their radiated objest. For
substances which are not showr in such tatles the average surface
temperature may be estimated roughly from the fellowirg equation:

aQr |
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a = absorptivity of the surface

surface temperature; degree: centiprcis

m’-?
[ ]

W ¢ radiochemical yleld, kilotone

=4
¥

specific heat, cal/em dey

/= density, gm/om3

O% themal conductivity, cal/em, der, sec

@ = angle of incidence of therrmal radiawion of the surface.
Based on this equation anml 2 yield ir the osder of 5 ¥T; Table 1
shows the relationshipr beiween tlie surface wrperature and the total
thermal radistien. fer surfase direcily expcssd to the radistion, where
T, is tre rise in surface tempersiure in 7C, and Qp IS THE TOTAL incident

-
therna) rediaiion in cel’/cm® . as piven in £gure 10,

TABLE
Coppe: Ty * 0.1 Qq
Adumirun 0.4
Suee! 0.4
R 5
feloet |- 10
TR 1€
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Tme eguation above is not stricily correst becausy it essuuas
that the thermal radiation rate is proportienal to 2,/t2. Thia
16 reasonabls approximaticn afier 2 seconds but prior to this tins,
the radiation rate varies in such a way that the surface temparatures
may momentarily go to a value perhiapa 2 times those estimated from
the above equaiicr.

Tabis 1 shows that the most critical matsrials ave rubber am‘
wood. For § MT yield, however, the temperatuve risa will be negiibie
for such materials en Parry ard Eniweiox

A .
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