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.... lflamos Scientific Laborator;y for the purpose of diecuasing lVY evacuation 
i ~1 . i flanning in so tar aa such plans are depement on etrecta predictions ot 

~ 'l>laat, thermal, water waves, and radiological conditionso The agenda 1a 
0 .... 
R .t: 

.... )ttached u enclosure #lo 

j 2o lt was the concensus of the recogni~ed authorities in the 

• ,.respective .f'ielde that results expected. at Eniwetok trca Mike ebot are. 
I. 
~in briet, as follove 1 

; YIELD 
BEST COPY AVAILABLE 

J ~ 
0 

Expected 4 • S Ml' o Reasonably possible maximum 10 MT o Above 5 -
I 10 MT in the region or remote ?OS&ibility. 

BLAST 
(Authority1 LtoColo Francis .Porzei, Group Leader, Blast Measurements 
Group, Los Alamoe Scientific Laborator,-) 

S MT yield m On Eniwetok Oo7 po&oio 

10 MT yield • On Eniwetok Oc9 poloio 

40 MT yield • On Eniwetok loS PoBoio 

For Poloio et'fects on Parry, add a factor of 1S% to abcnre 

Eniwetok predictionao 

..,7 PoBoio ... Breaks glasSJ tears loose canvaso Little. it any, 

buckling or metal buildingso Peak equal.a Vind ot JJ;/SO mph but OI 
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momentary duration comparable to a short gueto For detailed. oalaUlat1om 
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,. . 
2.nrl rGcommeneations tor specific equipmont protection~ eeo Anne;: t

1A tc ~ 

Conclusion: Structural damage on Parry and Eniiretok veey r:1nor c. 

Take such measures as are reasonably fJasy to take = labor=vise, ti.tt!6= 

"Wise, and small expenseo 

THEP.MAL 
(Authority: LtoColo Francis Porzel = representing the Thermal Group of 
Los Alamos Scientific Laooratory) 

S HT - 10 Mr will produce 1 calorie per C!il20 (It takee about 8 

calories per ~ to char wood)o For detailed thermal effects, see Jl.nnex 

Conclusion: No procautionar.y measures are required on Pa..."TY a.."l-d 

Eniwetok~ Will oot damage motor vehicle tires o No effect on vapors coming 

out. of gasoline storage tar.kso 

WATER WA VE EFFECTS 
(Authority: Dro Roger Rew·elle;Bcripps Institution of Ocos.nography) 

Enge bi 
Rojoa 
Runit 
Japtan 
Parry 
Eniwetok 

100 i'to wave 
$0 i'to wave; 
.30 t'to wave 
17 f'to wave 
17 !to wavo 
16 fto wavo 

Brea.k;,ro will be twice size; not dangerous at Eniwotok» Parry si 

or Japtano Amount of yield above S MI' h~ no effect as size of wave is 

11.lllited by depth of l.agoono After three or four waves» size falls off 

:r&pidlyo Engebi will bo covered by a wash., None o! Eniwetoki Parry, or 

Ja.ptan will be covered by washo 

Small b<:>ats hauled up on 9 1"to high beach are safo; however~ a 

lllOre practical 6olution presented wae that of anchoring the craft in deep 

water not lees than $0 feet without any other ~pecial p~ecautionso 

Conclueions There is no expected dangsr ashore from wave i.otion 

on. Eniwetok, Parry, or Japtan,... No dSJ'l..ger is anticipated to anchored 

am~ll craft exc~pt pic>esible anchor drago 
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' FALL OUT 

(AuthoritTt Commander Russel Ito Ma;nard, Headquarters~ JTF l32) 

MaxiJuum expected on Eniwetok and Parry with worst probably wiOO 

condition is delayed ail"borne contamination that could raise the level 

of the island to 4r/br attar 10 hours or same level out at distance o! 

180 mileao 

Rad«>eafety llmits of exposure arer o3r/week on lite time basiaQ 

Total allowable one time dosage for lVY i8 Jr measured ga.rrma only with 

spocia.l provision tor pilots or sampling aircraft or 20r measured gi.mma 

only o A one time dosage of 2Sr is currently used in civil def'ense con=-

cepts of operations but is not applicable ae a general guide in IVY d/?/,.,._£)/C:.J. (..;, 
;:>· ,.:,,_, .;,L' 'l 

unlese as an aocidento However, no one 1a expected to be exposed to ~ ,,- c r(, 

radiation ntes approaching 4r/houro l.t such level.8 aa these should be 

experienced on the islands of Eniwetok and Parry, a level of 4r/h0Ul' 

after 10 hours does not actually decay very rapidly acconiing to cal= 

culations for such delayed fall outo However, t:rom actual field expe~ 

ience, it baa been found that weathering (iceo1 vi.mi~ rain showers, etco) 

of such f'all out on the ground reduces the levels by more than SO% 1n one 

de.y or according to tables a 

10 hours "" 4 z-
20 hours ... 2 r 
40 hours"" 1 r 
ao hours ..., oS l' 

Little ia to be gained by covering large regular objects aince when 

the reentry can be attempted for persons~ levels c4 radiation on the equip=o 

ment. will in general be love Howenr8 1ihere equipment open to airborne 

contamination 18 complex, such as radio consoles or power control banka 

or motor generators, .tall out contamination can be materially reduced 

from collecting in such inaccessible spote by some cover:lngo Hoods" when 

closed, on vehicle enginea should suffice to reduce oily, greasy surtacea 

=zsccREI 2 
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fl'Om collecting amt holding contadnat.ion after all other IVJ'01lDd1ng 

area.a have weathered down to ins1gnil"icaat level.a. Food in reeten ia 

considered sate .trom contamination. In general, 001llllOZ1 aenae l"Ul.e8 

should govern 1D t17ing to hold down· man boura to be mpent i1l decontam­

inating ~sible spots llhen personnel JIQ8t later work, IDd this 

should be balamed against cost ot manpower and aterial Sil preventine 

contamiD&tiono 

Salvage cuvaa, where available, should be used to cover ecpip=> 

ment which has 1.nacoeasible spota (pe:ba.pa oily or greaq spots) vh1ah 

are likel.7 to collect airbome ~all out aid which w1l1 be dif'ticult to 

decontaminateo It may be necesa&rT to procure additiona.l ma.terial for 

covering, should imluf'ticient salvage aaterial be &'ftilabl.eo 

GENERAL 

With regard to blast , thermal, ran out buarda, euch measures 

as ere relatively easy to take, labor-viae, time-w18e, and 1.nexpemive, 

should be takeno With the exception or special equipJlent such u 

elect.ronics gear, the hazard does not warrant a great amount of labor, 

time, or expenee tor the protection ot structures, construction equi~ 

ment, vehicles, and so fortho 

Dro Graves expressed his opinion that the island can be rec 

entered without hazard in 2 .. 6 d81'• aft.er Mike lhoto 

Dr o Draves concurred in the above c:onclueiona. 'D'GDC other 

qualified acientitic personnel present who otf ered no objection to the 

conclusions as they perta1ned to their respective 8\Jientitic fielda wens 

; Mf+!fl? 
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Dr., Bergen S~ydam, Dr., Fred Rcinas, Dr., George White,. ar.d Dr.,, Tei:: 

Shipman of the Loe Ala.mos Scient,if ic Laboratory g r.s 'trell a.8 Prof u 

Jo B .. Dia3 of the Univen;ity of Marylar.dp lnstit,ution of Fluid 

DC/PLH/by 

Distribu.t-i on: 
Copy 1 - 4 

5 - 7 
8 & 9 

10 
11 
12 
l.3 
J.A 
15 
16 
17 
18 
19 
20 

Dhtrib-ation: 
Copy \1 

~,2 

'3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
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Tyler 
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Set B \Ji!t~ eif the l i:ni u; d stu '1f r. '11we L'l :~ •.,,. .. , , ,_~, c L"! .. '>- :.. of:..:.·:~:; 

!the 1'.lx~":; o! p:-o~.eti.nr i£,!a~1.: -..r~:;,CIJ.;.__.t,_,n.:: •;·~ "!l'.'l'i. ··:·:· ~-.. f ... :J~ 
yield~ an.a !ar that. r.:.at.t•ff ,, it "1;..' -2.:: tl.: t~. r .~:,..;t 1-..:> ,~t.{l:.;·'. t.' r~-> 

For~ur;.M~ly~ t.h"1 b'.:!.ast a.'J');J_ t,J--i..rrr-~ 1:1ft1Jd- 4 !!~a,:_, . ;. :. w ~ ,.,_,> '.J ·.t- fl!o 
prvhi~it~w'° prch\4;tr.:.~ ~ 1n~-t0c.;1.1:;-"'-J,,. :...-.t ._ • ..,!"). r-e.~s:·.~),.,, ·-:-.c:"<•.t._,n. 
[f;.lJ.c;t ~ tak~!'b ano tJtC-"-ti.:...lY..y ,.~ ... --. t·, r· •~'°'" ~r• c;.., ~ . ...:;_~ '.,....1·: .-~ .. •· \... a 
m.l.n:'...o .'.11 

l'h'.1 'I'~:;t D.:i..l"tl~~,- •a~~- Lr-~:.~~»·;~:- k;~ : .. ::.-:,t_-cy ~:-.~t ~.:-;">n."'-~l' 

f>t"'vtfo· ·~ice?' will b--"' La::-~.: :.;-;. :.:1 »-" _ t,a ., 11 • .,,r e!:tl·• .t,c ':>~ :c-inL.i 
:.. u~ ""' : ... n:-., or· th ::-1r ~ .- ~ J..), '-"' :----:. tio: tL j .,, ·v:~ ;,,a.-i ~i; :- ,.. ;_ ~a~· )'lt;; _.:;__., 

prc.i',Hat.l-~~t< y;.@b::ic 'I'r»o ,.1_~t"._c:· ·• :,. _ ·.~.1,t:· ~< "(< ""-~ _,c •·: ..... :: • .-;,,:[. '.!t 

b.~.a!$~'., .. i-.~:'iiJ thP str1.1-:::~ ... -.j!.-. ~,r·.t.r-.. , ::..&r..,.·& ·~ _.,,')..; t •• , :i-.,,;.'". r-..11!'~~; 

t.'."'ian 21 fa5'1Q,l" Qf iq; f;,? t.~'lt:! r.d;''f:..f.,'.j,:, c~..._e,t? =tt ~ "' .. ~S'.:.l....: ~,, .J<:'t(;i ~e~'C0 

incik.it;.;f- that tho ~-f.fo:rt ~,:..;i!"lfld t.:;, ~.,.-~t-..c:;~~ l:'~.r .. :elt 'V:. 1_: ~· :J.-."-i' 

rr11 .. &r:r1 gr<-at.er th:f..."l. U:.e t1f1 odi,. ~'- u,.r"~~ 'L· ~~•,_:;_; .-·.:.•.-t· -'.tJ::- :iL~'~r. ~-ii:.~~ 
~~h ~ O<{'•.: uV 

T.h<:t rn0t.t ~:kely talu~ o!· y~l~ ! 1Jr 1.1-. ..,"' ~" "t :~ e=~· :..r ~ .... ;~~ 
5 t.:i lC. f''"l\ and t!1cn; ~a very 8"'.aDt ;:.:-.1t.3t.~:r.~: ~,.:,·: ·.--... y~e-~c '':~~ 
go ~ t ;J .• r ~l as ~ ·..:~ 1-!. t. ;~ oth bl~ a~~ aaa t.hc r :--- J. l • !' f trt ~ ~· ~:1'.~ ;- ~ ~- t1' ~~ t ~ 
y1e:;-o ef 5 t;C" ~,t..~ Mr i"' reu.ozH.b-~ .. i ~:l.2'~ : ;;_ lf. ..._..,_ .<e""~w...-c t".'tt. ~"'·J,,J,...l', 
t~ p.!"C>t;si::;~_IJ' y~-i;\'1. 1ai-er a;:-,nfH1r 1;,-;: !-.>.e :i:. t.t .. = ;;.;.er -;~ ·: '. t"~' 1 . L.:Je 
Alamr;.~ '.:;:( ienUfi~- Lat.:i:'af,c'ry wi;;..J ~ i.r).f-ll~ ...1.::.:;, 11._,- :,:; :-.i~ i':l~~~i ;in..: tl'" 
pl"'M;a·, '•'or~·:=~e~".1.-~ r.:· v-.~s pa?~r 1;1!"-,;~ ~·e ~<e-_,,!...,1o1 .. ..: s: l'·F-t ti~ 
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• -l'IJ.f"'.IAl~tirig 8Ufff~~ irt all liiM"Spe 3\~ ... - i.ltF~I..[ thi;: t.i~~:i..:.i ::~. r:: l ·~·;'.>'.'· 

ohaS.~; the raw Of 'W')!'k by t,h,~ ~h;:. ~k f1.'-01,t, Cl air ~.! c:'.!cr.~p.?. ci ·; t0 
rate cm e~n or water is in a r•U.o ~.orE> thari '!.(l." t.:; l it; :·av~ ..:' 
a.tr.. It follC'JWS t}.i.at lees that> l. Obr oent of i'r,e er.~ :"'f'.~' ..ri ~J; be. 
t.l"lmdmitted to aci! or wa~r d~1.x-ir:g ~"le~ st.et:.<'S R<i!.f:I:-;~ ato;r:U: 
t6et~ have been eon;:;:em:11d •ilh tr.~ eff~~t: of u,err.~-1.l !'od\at!.,c<·. ill 
attenuating the peak p?\ts~~~~ i.."l a 'b~, M't i.;ave j U-11 :- <r. ffe·~ t rl ... l:J, ~_,.,.; 
at a nd?dnN.m o~ Mi.k8 soot be~av.% of th£l g~ a.>,..,;lt:.r ~.gJ"' !' c.f ire:id~r,_,,,, 
6f the1'mal radiatioo; how~~ .. r~ t..~ "'.rt.,.; ..-.L. 'fff~~'it'· wiJ.l no\. tis 
oomplet6l7 ab.Mn~~ because the tin: till att;al r.t. ~ )~i·c1= ve :iit;&. 
height in a tho.rt t.i.IM., 

Other f~tora lead to difficl.6lty it. ee~iroat.tr;c the eff 11:1::t..b, 
T'be riSft of the .fi."reball and consaq1.Er.t, a..ftA<rwirtd lean t.c a.'t at~$:1.:.-t.i~n 
r;f the 'b.la.U. Wa\·~ &~ cloS~ di&t~i'~ w·.~~ if. diffi~ ... U 1.ci 0Sti.Jl'i1\...'1\ 

thia effe~t. is ·~ a aax.illvm bee&ase o! ti:;:; l°" ~ ~ n~:. of 1:41"'£~ ~ r- .... dt, 
eon&c»rab!y higher tempE'raturea rn'J ~ a.~hlit'f~~ Ht th L• axpl.o~1op, 
than on an ordinary nuclear exploei"n.t t.hU. l.ea~ t.J i:reaU<r loes.ei~ 
in emrgy thro1J.gh irreversibl'9 heaU~r. tc J dif'i.,,i;~r,lY ''pci.M:.i Uon 
of emrgy"v t.o the po-ssibillty of a greater f'rta<>~©i,1. o.f en~rgy ap; 1e.?..T1r~' 
as thermal radi.aticm,. and to tl'wi! 'P'Jl'Sibtlf2~ of a mr.:,.1..l~tr '(';ortparr.t.J\.f, 
blast yield. Again, th• explosion is ao la.r~ t~:a.t t.he atm..."121 pt1ara 
can no lonc•r be l!Qnsid&red a:s ho~gen1t.'!:1\..c' thf ~f .~~ ti.a blu~ 
wave will be in rarefiel ~moephe:r'fi! at a ti.'lltf lll'hli!n gr"O •Hiid µrea.,1J.l"'f'~ 
~ still in the Nficn of prac>~ei~al i.r;t.cr~~+,.. (;~,;.Hdftra.t.lB b).a.ete: 
axperinx:inh.t.ion. will ~ de'Wo,f!td t-0• thi . .s polr;t. 111t.it.r, rn~' le ad w 
a variation of 25 per ~ttnt ir, yield, ft rain» &i\Jn.Je :::i~ i~ ir.v~r.-eic~ 
may focuo ene!l"gy upwvd or c:k:nmward at lor.r di2tar.~~ s,, b11 t fol!" ar~ 
ordin&"')" bombi:; this eff'o:;;t. is usually at preesl.J"e~ nea:. .. ~<a 0o9i,, Cn Mikb 
shot~ the sc;aled h~1gh~ of thes~ ir;verl!fott lqer~ are s llt::h that aolfll 
focussing {or df>.f~uaslngj of ener-gy may- o-tl~\ll' at oreai!ur-es of interest,,, 
Finally,. or:: tbil space s(;;ale ir1volvvd. l';ere, layers of clo~ds are clo~.a 
enough ta be of some co~rn beth !'Item tt.e etandpoi.nt of energy 
rene~tion " v~ P as f~m thP. st)andpoint cf pro\'1ai.ng r. ih i.eld flfOm 
the...-mal radia~i~~' 

For the lllQ~i pa.?t th" ~~rt.ai.ntie~ )J.~ted aH expe~ted 
to l» in tm ora~ af 2$ to So ~r cent in blaest yialo~, anc ~~ 
compared t~ the d~sigr; ~,:, ~ri.ainty o.f 5 to SO MT 8 anO nc,~. a..: ff icbntly 
large to l'fllqui.i, epe.~~;f~~ rn.i.!l!!tr~~i.l tll"edJ11utt~ 

For U'!fl m£,;::if". f-8..,...\i.; the cia'~&. ~oJ ill. making those estimatee 
'!olel'ff tak~n, tr-on. 1I·f-" pmhl1>1ri M1. oh lr,;h wa.a ~~Wl!/'d to ti!! :llO l<T~ This 
is~onsttn'atiw 1:¥.:ca~'e' it im;>1 .. :i~a that b}ast effliif!~Y of an 
atomi(' bomb is 0 6$ ~O:mpa!' ~ ··: wi '?h Ttll' TOO ~tai\1\ e.ftk ien·-cr f1lA'¥ 
M aa J:ev a.s 0 S fo:i! a ~ori'T!~•;.ti O-t'a'~ Waj:X'n and !)!'rhapa low~zr fw 
a very large wapor.;. Mc~o·r~r.r ex~.riet'll~i6 on 1Stf'll5'turea :..re usually 
based on p.t'eStilJJ:-~ gaug~ ~~:iings .. atid tti~sei aN ~::.~rally ber9 
perhaps 20 per ~~-nii; thC11 t.~E'I "id~tl" valw;.e qucf>"1!td ~re., 

B!CR!f .,_.... 
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Figu.ra X sheiws the. pf"8l~ r-ef:rr ~-f< V>'f-rD &;..,:ure a.;;; a 
t\1.r'.l!:,U.on of dlstan:' fer:· \:kt.-· ~~ld:s ~nd:i r e-•1 ;. ·i"·:,cl[i• t,ri.e.:» l;"'a:'..u: .· 
ha-i'e tie~m ta.kei~ from too IBM ~'<\uUr:r· ,.i, c:ri..cr ~~ ~"' o::,;·,::.Jr:.;4nt wl'b 
other e~se whkh foJJ,cw) thf.l!F 1rPdi."''~ < !'\"'! r.!'·: ~1" f"'::i 2..g: ''.'"'~!l*'r:.t 1-i. th 
predi~Uons mad~ Cl'\ tti=i ba.~ie of Gn1~r.hc.: . ..t"' ~{ wr:· ~'.I=- t ,, n:\;; re Ls & 

aul!stantial dif ftt;,•0n~~; t.t~ t~i'!er f'~!,: ;:;; '' .s t:r.L ~· ':i•. a s. a F• ;;;rr.~l.'. 
enough that t.m pr~r;sur9a ire'.'c.;: l:k~d WiS".,~ ·"~;.:,::;-:· :_a- y ,..~ {T a ::ar;-1 
Sili.'"far~,.. In this i;:-as£'., the f'\Xp1.03j,(.H\ t.)' ,, • CV~t W"·'.>J'. tJ,"• pr?S'T.;, 
thtioey 1.ndit:aU-s that somewhat htghll:- ps~;~ pren;u··:-- r-h:-; •. :·~i bi:< ~·,t:,-,~ i:a·:~ 
than if the explo::icn occured entirely c. . .,rr-:~· land •·iith:\ n ;:re fir;').''. 
few miles f~oo the bcmb,. the peak rr-~s:,u• e .c may 'be redur ed con~i~rabJ;y 
mm the value shown her;? by the th~nr.aJ 6ffEl,t;' [;. Q)', Uie g;.our,d ~;·fe,r 
to shock arriva1o At long dis~a.·K9S 1, s·u:r, 8..:!' at Paeo·y and r.;.r..1.'ti;ct.«k: 
the pressw-cs may b9 low~r 0:.~ higher f v!' Z-'GCl3Cir;;.! d iied ifi Se,;::., 2. ) 
a'oM'e, Ho\'IQW'.1-",, at lcn..g dista.'Y::tH'I, ths- Pf'&.k press'-'""£ i.B a s:.c.wly 
varying fun~tion of yield); s~h that on Q i(h \':~ fc J,d :I.Ji:- r"'Sa~~:a in yi.ald 
merely do\.lblee th$ prea~ura., 

2o2..,2 ~Material Vel~Uy ~ .Ql_~an":;, 

Coincioor:.t with the arri"!s.?. cf the shc.r;:k wa••e is a Wci.'re 

ot material velooity whose peak Vall.Ii as a flL~'· t.~_c ..... cf distar.cr, 
is tiwen in Fig, 2, TM relationship b.s~':'frr. ~ak maf~r:,a! ... ·~lcr~ity 
md ~.•4'- P'"•l~iJTll 15 

s .6 p 

u ~ Po Co 
~:s-

\f1(&!' p 

~.,. 

"" I 1) Yo 

u ~ material velor:iiy 

C
0 

~ ambient sound val~i~J' 

~ P/P 
0 

:;. 1.nrerpre~swre [! in at'!t.I05phervts 

The duT'ation of this winrl is comparab:J.ie to the pvsitJ·1, 
duration of t.he blast pntSB'l.tfeo 

2o2o) Prltaau..'f'ft va Tin:lf. --=-=----
Figureioi ) 11 4" Ss and 6 give estimates for the pires:s:.IX'e '!fli 

t.w wave at selected pressure level.a e<f 1?000r, lro,. 10 and ). p1i a.·ut 
indi~ate the variation 1n the forrn of the Jl""e ~sure wa<;·e at ihese 'f2"8t5S\li'8 
levelso At high press\J>."'ee: and elcse irl thfl:re i! ne; r,ittg&~h'i'~ phase; preHure 
decaye assymptotically te zero~ M~naver? "length of tho poaitiTe phase" 
is et.irongl.7 influenced 1n t.l-iia region by the risa of the firaba.llP. ~ich a~ 
~nuates preseuras shorUy afte:r shock arri\.'al>-, a.'1.d should :re~& the 



~E'°"' I = . 
"length cf th.' pos!tive ;,.-EPA @;p~'":>,:;.·.re ths ' : ;· '''-
f!ff'!'::~. wi~l lead te a rr.:i:<\e-O ci· i'i:''Zi .• , ti f.-..~lc f'. 12.:i:':·)F<:;; aro t;•"' \.!.<~~ ~ .• COi 

r·i!"~ in pessut·fl,, i.r!.St~&.-1 <'f the :den· c''.: znc..,.': h"~·e · Ar. 
di h e. ,. .(1'{"' "1l """ B'~~· ~.,.. s:d.g-ht1y g?"~:i<.r'.er s~anc9!.1,, t e (,"rma n~~~ tn.- ... :c: ... c. -·· 

a "parH&.l esh~k'' rather \.c_hw &. coop":>~t:!'.~y ~Ji( w i-ieie s·,;~.)~ 
f·l.A.rtMr!) thtt ehodr. fronf will b9 aha"":p st. t.!1::'.'<'7" h?-"~ - At fl>i.' 
d:.~t:JJre~ t.~ mgat.:\~e ph~~ in ... r~1420J ar.:::i R''""n°' ua'rfty t!:~ p:~ ~~ ;.J.~r~ 
a.-nd l'llf'zgativti irt1.rui:,ee ~<l@r the b:1,ar ,.:a:~ tJ.r.·-:M:" ~qua': 

!.n tr"'.U-.s1atirr.g theS'!' Clll""o'C:! t·~· d1ff~;-~n: r.0)~:1.F.lj OC~~~ 
tl1e dietaw• and tir~ l;r.:.O'~ ~ ).r.1:• ed tf·· W · .; : he,: Q.\ r.g p:-e ieu.rc-"' 
eonz,tant." In many t-ae~s;. th.9 ~.rit"~::tc·r. fo:- ~tructu.r~r. d~1c• is rte.·+ 
cdmp!y ~ ak p.."'e 21.-ur-e 

1 
but th? p:-c du:.: t ('f t~~'2.' air cle~ ~it y Bn d tJK> 

squm-e of ~a mat~rial vel~:-:tty ! /•Uc; ti...1.-~ bla::t; arir.:i i:estll.~a 
in a dynaru.e pressut--e on svuctUices; the tir.'.f~ variat.1cn 01 thio 
dyrtam..1~ pb"ea::;u:,1' may b9 t&k~•' as a.ppr.~".;:ir.ld.'--e~',;; :!!irni)ar to tne 
p;'ec:sw-e~ti.'Ue cw'tc~ !hewn ~re" 

2,, 2" 4 TiJi.€3 cf Arri·i'a::'. 
~--=-~~ 

Figun l g!.~;f:fj the tims c,f arrt~al cif th'!:' sh;..~k w;J(;·.: 
as a f\Il'l:<fUon of dista..,.:::e c T".re sJ! cur~";:~ a: ::;> babed cm cal: u2 a~.::'-CI!);~ 
!~om peak ix·eaaur·<>t> ooof)rved on tower- sho'' ~,. tn.r~ ~.- ~ ir:. gor,rl. agteemn: 
with the tiina~of ... ar-ri:~al cuT"N~ ~ pred~\~r1 from tl;e IBM i;'w., usir.ig th t 
71.eld, UriJ.ikc puak pre~~was, the observ~d time of a~·:ri •1 a~ 15huu1d b.'? 
ind~peilMnt of too ~.ypg of aurfa~·~o 

Figwe 8 shows the duratic:·r: o.f the pc;;:i it:\. ':l'C• ph~~:· O" t.:·i-;; 
blast WONS as a fun: t,.cm of dis tan~~ f·t;:n the b::unbc Th':> n;-·_.r.;.. u 
swir.g of this curre ai ~hcrt d..-\~tan;~e1- b usc~ia~~d with the }.ac:k 
of a negat.iTe phast> at thie pcir:t, wb~N a'';cu~""at.e e~~ :tirr..r-:~ ~.<:. cf ~~.hr~ 
prEtJ$uro dee~ !..!! required a": c:lcse 0 in d.fotan·~o:; .s, ~h3 P,1"2 t~'J. 'I) 0 t..~.?'lr' 

curwea may bEi fitted by a po~r- lal' er.· seru-lc.gar1tfh .. 'n.1" p\c.t. !t'o.c 
example, the cwve ~h~wr. fCl!' l,.000 p~i, can cQ f;tt.f .. :i ir..ita'.:(:.;v tr'/ 

l/ 68 8 c Kl 
P...y tc and late?' by P""" l/t° Cl' P ·"''~"P,1/~ 

2o2o6 E2,_sitiw Impulse lr:s Dillt~~ 

FiglID!t 9 shows th~ pos it1 ve impulse, er J p<l.t a~, 5! 
fun~ticn of distance" If fu,,..ther info:rmat:'.,o;; is de~il~~d" su::;h ~ the 
mgative ~ulse~ these va:.uas can be ~""ived upo~i N!qu~~i 

2,, 3 Protc::tion f~:m Bla!!·t 
-~ 

As pointed out eaJrlieI"' i· e'T:e!"y r'ea.sor.abl~ pl"ftt:auhcn must 
be taken against the blast. effe~t., a"ld e\-e~·;: l'!'J;'lthod which i?'.g(muH:y 
suggest sl',oul.d ~ used,. but no prohiMtivti probJ~ll"~ a::'e p."."e<:r.,nted by 
blasto It is impol!sible to point out he re the C~:i..te: ion fo:r all typai.'i 
of str~tw"e19 but thil !olloving die::::u....,sic.n sho_.~ the genE>ral character 
of the clonclusiorus vhi-:h may be expec~~d It is cuggas~d that teai 
~rsonMl con.aider ~ir indi~idual st.ra. ... i.ure~ ~r; tha wu elf the 
field variables given in Figeo l th!'tt 10,, 
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Soma estim:.tes for the dar..aga o:i strocturo!! at diffe:".e~-­
pl"essure levels are gi.ven in 11t.ffe~ts of A tow \'Veape1r.:e 11

; a roc:"t" 
complete table is available in Parv 48 ar..d Table 9 of 11Capabi~tit:te~ 
of Atol!li.c ~apcns", Departmemt. of the Army, Te·~;h Manual TM--23°200, 
Depart.nsnt cf the Navyp OPNAV~P~ 36-c 00:.00, Depnrt.TTPn'l af the Air. 
Fore.et' AFOAT )85r 2~ July l9S'!o 

It should be noted thet &tru: i:_ urea fail from two 
causes; from peak pressure and frc.m th~ wirr.:is fo'.IJ.aviri{$ the bla~t 
waffo From the standpoint of prel!suras., the Mike ahcrt P"eser.ta hO 
preesures much beyond t:a"eMnt experienee, A~ccrding w Fig, l~ pre.;isut-"ee 
on Parry and t.:niwetok will be about Oc 75 p31; p:<>e HW-'et! of 0- 3 pai 
weire observed on Parry and Eniwetok from Dog and Georg~ shote during 
Operation O:reenhouee., A pl!"ea~~ ot 0.,8 Wa.3 ob!e:rwd on Bijiril 
fl.C'om Dog ahoto In both cas(!:s,, numerous stz·~turee were imoJ.vedr whieh 
should fw-nish pertinent ds.tao Tm reasc:n for this small inJ10:/_.reast1 
in peak preesure is be~aWMt the increa.s8 in yield ( P- _.. 'rJ 1 J) iPJ 
offaet by the greater distan~e~ (Elugeiab is approxtmawly 22 miles 
i'rom Parry» compared with 9 miles on rturJ.t.) With resp~t to wind 
loading~ ,the situation is more seri~Wi bec~ause the positive duration,, s~a\e 
like W .J./3» and a.ire not offset by an inm"flutt in distan:r;e, TM posittl'W 
durations for S MT are 10 times longe.r. than for S HT at the same 
distanCllo 

Somr gemral coMluaions may be drawn wi. th regard to 
structures., All ordirw.ry window or plates glasse~.i: especially in size~ 
over 12 in" are marly lx>und to breaksi on ParT)' and .c,;niwetok~ wr~re 
possible,, walls facing the blast wave sho\.lld be rsroved as wall c:.s walls 
directly behind it» in order to allow preesuree to build up I1lClt:'e r·apidzy 
within the structwrep and to relieve the forca from nomal refle('tian of thCt 
blut." If this is not feasible all windows and doors should be left 
open., No Cal'lli!'as can be used unlees it it1 strongly secured with a~. 
leut grommet-type faetening; plenty of slack should be allowed,, 
without. t.a.ut surfaces:~ n,o large unsuppo.rted separaeion.a or canvu 
should ·J• draped over i'rama work:) All te..1'ta should be ab"~k" 
(although tents were observed to surve at Nevada Te21t Site at 
approxi.Jnately this preseu.""e leval,p bu.t much shorw duraUon)o 
The uae of berms or sandbagging to protect etructlB'es is of 
doubtful val 'l.W J th• wavefox-m is so long that the peak pre ss\JJ"'t can 
build up behind the berm before any depreciably decay has ~ured~ 
of coursea some protoct.ion is afforded from the dynami~ win:L 

Small plywood et:-i:tures have been observed to withstand 
2 psi during aone preYioua tests and although thoy failed at alightly 
higt.r pneeures • they did 110 through mul tipla reflections &om 
cm"nsrso Door frames and hinges fail readily if expOBed to the 
blast mueh above 1 psio Holmes and Nane::r x-epor~ no damage 
on t.he hanger at l!.niwet.ck from 0,, 3 psi on previouc shots o At. 
the 0.,8 psi level th•y report that etructuiras boaed on a large wall facing 
the blaato 
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It ie ncted tha~. stru.~tln'es do r1•~ 7 fail at s::nre c.~d ti'"'fuL 
pressure hveli; but tl.i:..t Wi·> a ~ar~.[;i' r .. r J' 1;;5·;! Cf':J • t:;:~rna'.)• 2. fa.:!t.:)r 
of .3)r, the dsm~e i~ ~Gml3r.l:c.1 crc.por:jor:a ~:;, t!-:e pressu.~ ~ 

- h + . . ' observation cm. st:ru:tiJ.~·e!:! a'.~,.,,,., p:··eso:.·:: 16~·2·~ :J:- J":i 0-)·.rap~·f.a'.:z=i:; 

with so:ma do.g!'~ etf c:;orSid:'n..:·<? wL·~hoi.~t exp?C ti.116 E.. st'dd~n and ';;cir.:plt1t~ 
collapaeo Ir. m:>!:it Cll.BQ! .. there is &lway-:; r;a.~ ti''-'ak e~r<:Wr•f. o.; a 
st,xuct~·e which will f2.D. :~frst; su.~i'l ~ .. s t cwL~ lr tf ~ par:?·1

.; -:,.J', 
stb'esa,., 

1h~N ls of no appi.!.?"Pr!~ rPquir.~rr~nt t.-:: c.:v~: u~ '!J" ·.,.d"ii~- lE• :;; 

frC!m Parry tc E'·.i~i:'°t-ok n1:;r ar:;y- "'Pr.' -e~;ir;t ,e a.:iva:-t ag,,- :tr. u;. :.:<,~ i:k. 

All canvae t..::'lf.'S should be .n:.n:o•:c d fr om t~'? \ t>- ~;.i( 1" :> ·,., i~y; :;h :ir:: },•i ·• 
Should re lOWPffld f:~at Cr :'eJ:K'''F;j 8!1~ i~~~": . .Y ll1" VE' 1 :ic:_.~ ;'~ 0 -J(;·,;-iQ f<; I" 

di!·-ert.ly avtzy ('!' t<twa.~d th"" r .t:.8t alth:.r .. :( "'1 is f-. ' ),~· ·c:"lt?r pr ( -;:,:. i ~ ;•. 

for the radiate~ and hea:i'..~rJ-!::. ~s &.ffcr.jc::i_ '.cf t!._.,, ·;-'1:.· ;,> :.r: re .. ·' .. ;?; 

&\R~ tifc~ the tla~~v 

All aircraH sh(lo\l.lc bs a\•a.-; u.;.'~ ed wherE>vt~~- ~1C<s~ U:-~· c. .F o:--
str.a!l ait'C!·aft, (including t~li.f'opt-s.r.s) ~i:h car ... ric+ be- jO\Yc::..·,~<:':t>d_ thf' 
main wings should be remo~·ed 1, and if kft i.n the- c_pr.n, t.h,, a:i:rt:.rr f., 
should face toward t.he ~:\as'fto 

Na damage is expe:~~ted t.c hulJ~ or ar~y pa...,.,t of e-rai~r ~raf., 

which is u~ua'Uy sul:>,je~ted to wa1Ye actJcn Trt? "7 p3i. l.e-...,~:; L<:> i:>quJva:I ~r.t 
t.o a head of a l/2 foot of water which s-...:~h boats hab:t<tu.~ .. L;.y wH!,,;t..::r;:i Th~ 
su~rst.ructures of thes~ era.ft are ?!'.Ore s~~ep·~~ tl~ ti', b.'..<e.~-~ d-R:;:r ~;\1' t-u.; we {i<: 0:!Cl 
that the ur.balanr:ed peak m·eeewe is of' \'f>r"J shc1"r,; du:rc.':.~OYr .!)li,(·;. ob.,jw.~s 
being rapidly engulfed by the prest!lur.:-e wtaJef, for ~;i:wnpl~. a rn-s~·, of J ~.n ln 
di~ter will feel the peak pres~ure fc.;-;- appr-cx.imate~y )./4 cf e 1~>.ilJ:t~cc()rd 
Follow~ the peak pressure too blast wir:d:;i will be cf too (.j;¥'d,. !' c;f 4C; ':( 
50 mileti per hou.T' at Parry or i::.niwe'~ok tu~ th~se ~;:-aft ha.bitu.a:J.y ·,;ith,nCJJ:1 
these windsc 

St.crag~ tank.e for f"..tuids should be lef'\, full1. both 
to add mass as well as to prever~t the plawe from b;.u;;kllrig in. 

'ffi.c. ra-tAL ~Fli'tCTS 
---~~--: 

3ol General 

Like blast£ an estimate of thermaJ. effect~ raquirod i:nA\..:f-!;,"~ t<.-. 
certain uncertainties 'llhich will be sett.Jed by som er the e..;;:ps:rim-an.tc 
on the Operation. itself" Fcrtun.ately [; again., tha astimat•8 to:: 
thermal r&!il.atior. &l"'e SLlffif:iently l~;r that rio prohi.btt1vE> p!'c:blern~ 
ara introduced.~ 
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There 15 an uncertainty in sc~.:.inr : .. ::.::::cc.·c,ion ":iich involvea wh~thc r 
the therir.al yield is proport.icr.a.1<k radH.h:-a;11h·a1 yie:~ ~- pr-opcrticma.~ 
to some lower power s~h as 'tl "73, Ir, this patc-r" tha thecret.ical 
upper li..mit is ass ll!Sd ar.d this in it.self may f!jve valuas 2 tc 7 
ti.Jll8s hig~r thm a..":.tually obta:lnecl, Ti-j~J i.s alf;O an UJ'¥'.f'::'tainty _ 
regard..\ng the transmissicn cf air,. be:~a;.;.>P. ·;-,r,a fire°'c'w.1.J. ri~es rap1dl.'.f 
tc great height.a.. Near t~ :5u..r-fa::e 0f tr-=- •m";Gr;~ transmiss:ic:-1 ie 
quite low., but senral hur..dze::i feQ": abo•fr rhs water tre tre.mmissioP. 
increases markedly,. The tr a.nsrr.i.ssi on a3'o ''Bd here :l.s for- w1-y clear 
air and c;;onsidered reasonably r:;a"?·;,c Al rt-,, U(;h £,lug~:ab is devera.l 
hun~d feet ~low ~ ho.ri'l.cl"< at ~nh.~t'..'lK.: r1c prctc,::Uon i.s d.!fo:raad 
from t.hennal radiation be~au.!e the fi.rc'ba:i.":: rapidly g0 ·~ 1Wt.'> t,~ a dirumter 
nany times t.his "al ue o 

A distinctive feature of th6 t~~rtU..\ radiation cm this explosio:r. 
m:U be the long t.1112 ecales involved,, m•a..-J.y 10 tine5 tha.t from & 

S KT bomb., It. may be p()SSib1e to see the .\.ight. minimum and t~ 
subaeouent irorease to maximum radiattcl", a.ro-1.U'\d 2 e~c:ond1:1 Th!t 
tMnu:il radiatton wDJ pers~_st for se;;w 3o set"onde i.mitaad of th.et ;, se~onds 
for conventional siz.e weapon".!, PersorLnel should be warr!.0d tnat. it\ 
is necessary to keep or. ~~e dark g0gg~e~ for mu~h lcnge!' pario~~ ~f..) 
time than for conventional size weapor~-. 

Figure 10 shovs th.;i total t~rm.al radiation in ca'\orle,,;, ~n~ 2 
as a function of distance from the boli.bo These CUM'e& have b:.len 
derived using the assumption that the total the:::'rr.a.,.1 radtatic.n wiD 
represent l/3 of ths total yield" The dott-o:i lines represe:.t th~ 
va!ues of total tberrr..al radiG.tion whi::h klould be recehed H' o~ 
completely neglected ab~orption of the rn.al radia'd.on by air., The 
full lines are bas~d on a trarisrnission of ·~·O p?.r eent, f>el" mile,, 
and corresponds to a very clear atir.oa;:here The fuJ.:.l line~ are 
considored reasonable estimates for sY..ru-:x ur·es 11£: s.r the g:rct.tnd~. 
The dotted linee are an exa.ggerat~d upper lir,~i·t~) more ~ ;p:.~opriate 
to high flying aireraft~ 

Bot..~ the "£.ffe~t of Atomic We1-pons 11 and "Capabilities of Atomic 
Weapons" contain tables w''lich give the critical energiEHl in ea.:orrie"/ 
cm2 for a number of co:nroon materials su.ch as woo di ~lot.1"1" rubbt-r 9 and 
pla1Jtica10 The lonr: duration c.f trn:rmal. radiation. of this weapon t:.aa 
the effe~t. of imreasing these crUical eoo rgies by a facto!' of ) 
above the crit.i~al energy required on a conventional siz~ weapon. 
Toe tat.al thermal radiation oecurs over }.cnger period$ of tims.!l this 
permit~ correspcmdingly lor.ger pe!"iod.s for heat. ti;; be condu.c~d away 
from the surfa.~e and into the interior of their radiated object, Foir 
substances whi~h ~ not shown in sut:h tati..e s the avei:"age eurfa::.e 
temp!!rature may be estimated roughly from tha followir.g equaUom 

-.. 
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Where 

a .., absorptivity of the surfB.c:e 

Ts • surface te:r.pera ture r def-ree: ct? n '· j_ Ci._;~ iP. 

w .. radiochemical y1eldr kil () t (' 118 

h ... specific he a ti: cal/~ de~ 

/s d~rudty.11 f!Tl/cm3 

a-. them: al conductivity~ ca1/c"'~ d~f, s~c 

Based on this equation am a yield ir, the c:i' ir~r of 5 UT.9 Table l 

:'ihows the relatio:J.Srur between the [;t~rfac<"! ·~rr.:::·erature and the t-::>tal 

therl!'.al re.d.iatir.n .• for Si.lrfo02 directly 6:.':pcss:i to the radiation~ wrere 

T
5 

is tne rise in scr face ter.i;_:~..-.~r<l ~'Jrc: in cC 1 a>.d QT IS Tffi. TOTAL incident 

trierr'!al rs.1i.atXon in cel/(.::::2 .. as r:iven in fjru.re lO, 

T.4..'3L~ •. 

'f' ... 0,.1 Qri 
f' 

Al 1.l.'Tti .. n'J..ln 0 .. 1 

o.Ji 

5 

10 

lf' 

J.i 

; SECBEI:; ~ 
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Table l 5hows that the most cdtica.l mt~rialB are rubber anr. 
woodo For 5 ?~'l' yield; hoW'E'-rer~ t~ t~rr.ps rature ris~ will be negl:J;;.1:.ff 
!o~ sueh mat~rials on Par~y ~ Eniwot~K, 
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