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'.Ihe ori:-inal reriorts by Dr . '. . . l . n:::;.o_as . • .Jln:i. th, Jr. on ?reject ~abriel 

( :.ovc:-Jber 12, 1 '4? and :'ovcnber J, 1 ~r"l) cJncl'.'c1ed bat J.D5 r:ior::inal 'uor-.bs 

co1:.lci '::le e:xploC:ed ·.ri t:1ot~t rcsul tia" in lar:-:e-scale L
1isasters fro-- seco'.'lc~ary 

effects. T1is conclusi·Jn 1•ras based 0.1 as:311nptions of hic'.1 air l:ursts and 

s .r:1e cJ.j str:i':)i;tion of hursi.s in sy:ace ifl(.' tire, ar::( ···as clerivecl fr.);;~ consider-

a tio:ls of t:ic LI.ec'ia te as well as c~el:17ec: effects of rJ.dia tion and of stron-

tiu~ ·In:es~i.on resul tine fron widespread fall-01:t, 1:1e Gabrir:;l rr:ports 

have ')cen e::v:tcnc'cr~ t'.~rot' '1 a staff s-::."('y to con"'.ic~er ;r.ore localized 

rc~ional e"'fccts w' icl-t r:i·':t res1;J.t froc -U:o tactical 11se of ato:-:ic T"e:mons 
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of e.'.lcb 1icr,J-, wiJl fall ol' t "er square :·,ile -- CJ. fi q1re which allows 

for a local variation of ten ti; es over t'-:e obser"JCc' avl'r2.~e. 

consic'c;rec.'. not to be valid for sub-r:i.icron particles 

of bonb Jecris, ·.-.-iU'. the res11lt foat fall-out cannot be accurately 

:1.aw'E:r c'ata inc:::_catcr' a fractional fall-out '.Jet:·;een 

ter~11erate zone, the 

r;cr:::ire r.'ile. 
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2.2 External radiation hazard due to the debris from bombs 

would not be lethal. Tue total dose to a man standin[ in an atr::os

p'1ere (5 m::les ~1ith and 2 x io7 square miles area) containj:i,r all 

the debris from 105 nomiDal joY"','.:>s i 1ro11ld ar:.ount to onl; about 6 r. 

'Jhp C:ose to a wan stanc~inf on the eart'1 1 s surface 0;1 i:1'.lich all t.'J.e 

G.cbris '1ac', fallen out wo1 1ld rccci ve an j ni tial dose rate (after 50 

hot!rs) of 1. 26 r/11r anc an intc~ratcc cose of 315 r over a lifeti~c. 

'Ihis y;orlc: entail sor:e shorte;-ij nc of life anc' si;-.1ificant g€:nctic 

chann~s. 

2.3 Inh.alation dose to t''e lunrs fror:i the contaninated atr::osphere men-

tionGC in para13ra;;l1. 2.2 rTJi~ht a~ount to OQ rer in the first w·cek, 

anc' less t11 ereafter. Jecausc t1;.e lunrs can tolerate several 

t'..,01.rnand rer, this dose is not consequc11tial. Carcinogenic effects 

have not been demonstrated for s:r.all isolated rac:ioacti\'e par"ticles 

in the lunrs, bt1 t the accuc:ulatLm of large nu; bers of radioactive 

particles mic'.1 t consti t11te a hc.zard wl1ic'' cannot be dismissedo 

2 .. 4 Inrcstion of rac~ioacti ve stroatium is an im1,ortant (but not ncccs-

sarily the controllinc) factor in consiccrin[ lon -ranee '1azard due 

to bomb debris, anc produces its estir::a ted eid-le:thal r,::ffcct ,,r:ien 

( 

7 z lo~· no:-'i.nal bor.:bs are exploc'ed. T-:is nu.s':;er is C2.lcula tsc1 from 

t"1c assumniions tllat: (1) strontiu."'.!-(')0 is more toxic t'1an ot~~cr 

fissio;'l. proc1ucts or "llutonium; (2) the mic'-let'1al c~os'~ is 10 ::iicro-

f - 90 f'" d 0rams o. .)r ~ixe in t:1e skele+,on; 

fooc ncr sq"cire l"l~le of arable land; 

(3) 

(4) 

200 nccnle dcri vc +11 cir 

strontium 

~-.~--- -------- - --· 
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skeletons is 10-J. '.TI-'.'0 sc a spec ts as i:rell as factors of bioloric 

r:: 
anc1 ~.:Y( .--;t'0:1 ·_azc.:-·s, 10-' ;1.0: ;cial ;,J~~-·-s :i_s oclievc_-- -:-o >.c c'J. 

3. 11 ,:~-:ri-: ricnc c 1;·i t': to~··c r, surfacr and u:-;(rr, roun:i '.::rnr s ts i.1clic8. tc s 

fiat a larrc fraction of +;-.co 
u.1- total ra:lioacti cri ty (of the order of 

half) is pla tcd on :'.'.a t':.rials w ::;_c:: arc svvcpt u' frorJ. the rrm!:-id ac1d 

'J11c act:_ve rtrcas are 

t 1 1c cra1cr, an ac.~_jacc:1t area c'TNnc"inc:, anc~ a 1".orc rc-·ote: a.rna. sane 

:'.Jai:a froc Tr~:1~ty anc' JQ..n le ar< •::tra----:olatcr'., as ~;'w'.Yn -~n '_able 

on Lr bo..s5 s of t':.c follo1:.·ir1;-· assnrn.pbo;1s: 

·:riJl :-w : coiv-tric0.ll7· s~::_~_lo.r -to i:tat oi' Jan:-le, of t·ricc th~ linear 

cirr:ensions and fo 1_•r tir c. s t:1c 2rca ."or a 13-:= T s:10t. 
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f.xtranola tioa of Fall-ol1t ?att0r:is from 1. 2 ~·~ T Jan; le '3'10ts to 
13 ::'I anr' 20 KT ;.;ear- )1lrfr1ce lursts, under Sirr,ilar 

'To ·orrar:hical anl' ,.,.tc,,,rolor-ical Conditions 

I Dir;ensions I [ :.adat: Jn :=..ev~ls l' hr :.::nte:ra tisc T::o:;e , ry 
Area ! and ffstanc~ Tine +--! :·axir:__l_'._'DI_--. ~v1e0r_0~ __ 

1
.. TaX"E:lifB

1 
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l I 33 I J-h 165 15-20 

I µ 12,000 
.j. 

J,000 1,200 7,500 3,0CO 
1, 25'.J 500 6,250 2,Sco 

JO 1.., ?,600 i,4wo -'-'-

50 5 I 
500 50 

J 100 
4 

J,Soo 1,400 s,soo J,500 
1,500 600 7,500 

f!-38 15 4j5oo 

60 6 600 0 
I - -

:Jote: ·:re hel:i..eve these estir~,a tes are accurate 1i'r:i. t11in order of r:a'."'ni tude, 
but refinement is ir.ipr[tc ti.cal because of variations :Ln S<)i1, 
topor-raphy and neteorolocy" 
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ncar-_srOlincl burst, it a'.'ncars ... 1• a~ ncrsonnrl ·,,ro111d b:~ c::c}nc'.ed 

from f1e crattr ~or ~an~ days. Fall-out in ~~od ·~ca~1Lr ov~r 

aboi.it 17 square rr::il's a(1jacc:1"': to a lJ->:T burst (or 21 for 20 ::T) 

lcv·::ls '.1i·h enouc'.1 to li:·:'.. t 1;sE.: ,y the arr;a :'or SOl"'.'ie d.ays. It is 

U:1li'.cclv that ai1y serious p ,rso.mel c]ar::arrt.: vro11.ld r,:sult fror<1 t.'1e 

rc:r.:ote area of f,::..11-out a'.Jo1't 25' r:i.:Llcs awa~r, •,dt'.1 the _c:os::>ible 

0xception of beta ra:/ bnrns fro:;; '."'articles fallinr directly on t.'1e 

1 .• s;:in. Tactical use of mul ti·Jl~ bo~:bs undc;r 1.'1c::;c corn.:i tions 

no: 1 lc1 le'1.c1 to lird tcd arc;.1s of si' ni:nicant C•.mt;i;::ina tion, 

3. 2 Fcill-on t . .,i t'c Snow or "-'.3.in 

3. 21 :rt is ass11mt.:d (·":Lt11011 t s11fficj_,·11t r!.ctual evi.(1 cnce) that sno'.'l and 

w·ich tl1cc;c prcci'Jitatiims o.r,· formed, and nrohabl:r from air 

mum possible fall-ont due to v:cat21iT co;1C.i tions as rm a tor.lie cloud 

sprcaCs throu::h a 10° ·vcdn:?. Th(Fcr extrcms icre:at'1er conditions, 

the wash-out frorr: a 13-l~T bo:-::b W'Juld be potentially let.>ial to a 

larr."::o fraction of the ir1.'1abi tan ts in an area of considerably less 

than 100 sq1~2rc; n;jlcs (ta'.:in:~ 400 r as the mic!-let'.rnl c:ose). 

2 pcimn'FI7rrr-r1•11 
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Table 3. 2 !L9.~.?-i;'.r.9.1L£mmfu~£ 
FRJJ=.nrL .. ~:~ 1'illl.£ .• tLL t~ 

~:">A. 443llaj 1 .. I L 

Concentration of 
Distance* Diamete:;:- Area of Ac ti vi ty from Initial 

t Ac ti viLy from Zero of Cloud Cloud Complete Fa.11-out Lose Rate 
ihrsL._(_~~~£t~-~-~i~.~J_. __ .lril.U.E3.f>L ___ j1!4~---·-si...LTirn.~~i.c.;~mJf.L (r[hr_L__ 

1 4 X lOJ 20 3o4 11 3.6 X 10 1500 

IntAgrated 
1os8*.,.. 
{r) 

7500 

-2----~ 3-~;·1J9---4~·-- -----··-·-··6-_-3-··--·-40 ----~4-:5-~··1;7------190-- l)-~0-----

--3--1:]:·-~·-]~;9---·-·-60 --·--·--·--'-·-10~;- 104 ·---~107 ----42 ______ 630 ___ _ 
--4--~~8--~··io9 ______ ·-3·;---··.-·--· -·-J~·;·_ 6---~-- 19r;-···-- 4~; x 106 ·-i7~6---35·c;-·---

----·---· -·-··-· .... ··· ------ ·· ···- ---· ··--- -·-·---- .. ----··--·--·-------r--------·-.. ...----· 
5 o. )8 x: i.o') ~.oo 1_7 . o 290 2 x 10 s. 4 210 

----. .,_., ........ _ ··(·.----~----·-· ............ ----··-- -·----------·-·---· z·----·--·------------
6 0 46 x 10' J.2J 20,4 416 1.1 x 10° 4.6 138 

·7--0·~;;~--x··;~:r·~---- ···;:i) .... -----·--······;j·.·3-.. --··-57;----· .. ·-·-----7-.. ~-i~5··-- 2.9 ··--1-~~---· 

---·-.......... ----·- ... -·~-.- ..... ,.,., ....... _ ... ____ .......... _._._., ___ ---·----··---·-'"----·--------·--------~---·------- .. ~---
8 0,33 x io9 i6o 28 785 4.2 x 105 1.8 72 
--.. --·---- ··-··-----·--·· --- , ________ , __ ,, ..... ------·-·-·---;~~-x 105 

9 o 29 x 109 180 30,5 935 1.3 5S 

10 0,25 x 109 200 34 1150 2.2 x 105 0.9 L5 . . 
. i1 -----o--22 ·-; 109-··-···-·"22:)------·--··· .. ·-37-,~5··---- 141S--------·-1.5-;io5 ___ -~o" 6-----j3--
-;2--002o·;:~o9·-- .. ---···;~~-~-~--·, ----~4;·------~650 ---~---1.2 x .. i.05------0~··5-------·30-·-
. . 
-·--··~-·-·-· ....... -···-·· ... __ ,, .... -·-·-"'·"-···· .. ·-··-------·-----·---------·-· ------ -·------------
* Wind Veloc:i.-ty Ass1.unerl 20 m/hr _ 

*:* -~ s&w.':U.:i.g co:::rLL1uo;.:s t:XI)O:~~ .. ·c to thi3 s-..irface concentration until it has decayed to nee,l.igible value. 
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J. 22 !'Tote: Since the preparation of Table 3. 2, Col. Benjamin '.folzman 

(now at the 1Var College) has discussed with us a some1,hat sii:!ilar, 

but Extended, approach. He obto.incd actual Yrlnd trajectories 

taken at 12-hour intervals over a psriod of a '\"Tee:cJ and ori: ina tine 

at a point in central Cem.any. Extendinc each trajectory until 

preci;Ji ta tion was encountered, t'1cn calcula tin[ fall-out as in 

Table 3. 2, h c s!101:rs a pat tern of fall-out. 'The obvious extension 

of t:i.is mct1lod is to prepare sue~ a IJattcrn for each of t.'H~ four 

sr:;asons, and faercby obtain a probability pattern. Freci:'i tation 

data are available for much of :Jort'lwestern Europe. 

J. 23 note: Tue hir:hest wasb.-ou t obtained durinr Duster-Jan 'le was 8+ 

curies per square milE:. at Roc'.J.cstcr, New York. Tue lowest level 

rccor..:-,:enced by t1ie '..Jayes Ianel for R2diologic '.farfare is J mega-

curies per sq'J.arc mile: 0 
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