
•·,;. 

., 

"! 

t 
1 

r r 
" r i 

J ~· i 

' \ 
' 
t 
I 

. , -. ii.:-

'(;t 
. ·~ ;;t~;~'1·. 

·~--: <~. . ;.. 
.·,;;::~ .. ~.I 

>',··'' 

0/1:~~::·~- . : .t 
~ , .. "" ., '•' ._,,., 

" 

" 

" ·_.t./.'.ri. ·1 

... -· ........ : 
·i.. 
;~ 

~ 
~ 

·7. ; ';,. 

'~ ' 

'.y;"· 
,<¥,.,:,, 

' . ' 

, ' .. .' 
·~ 

"i.:.,;:_ "'":. t ... 
:'/<, 

.. ~-

.. 
' 

... 

~ '.'.>~&J1 
. .~. 't':~ . 

BEST COPY AVAILABLE 

\< 

' 



. :p 
~.· ,,, ,,,. 
${: .:~ ' < 

,~f ~ PREFACE ,~:~ 
The 11i1minll of;.the 1.imited TcKt lian 'l'reut:v in Septembt>I' 

. 1963 marked tl},f cloae of 14 years of atmo1p1Jericl'Jluclel\r 
· weapon11 tc11Un1(1pread over un H!·year period.· However, it 

·?.':. did not mark the end of a need for further lnformat}on and 
. '·.f~ interpretation of data concerning the health aspectll oflluclcar 

we11pon11 tc11ting,"(·. .: ·~~ 
'; · Thi11 pamphlet. ·111 concerned 1irincipally with thtt:<'.'health 
!4' aspect11 of miclear weapons testing in the· 'atmpaphere. 

·~.}~· -Nothin~ new hs~'contained herein and much has'beenif9mlttcd 
for llrcvity. T,)Je'pamphlet doe11 attempt to bring together the 
hhrhlip;hts of t~fP b.1dy of information and thus in some small 

:·; way mny a11i1U11 f~rt.her enlightenment of a comple!JUbJect. 
~- w ,. · JrJ·<~ ~i 

' ~ ' ;.•'l¥: GORDON M. DUNNING t 
·~:"' . u · U.S. ~tomic En1rg11 .99.1"Wi"io11 
, .~ W11slr111gto11, D.C. .'.. -:':' 

' .. . :~, 

,. : 

'\ •. 

• 



ri~-..---...,:-....,.,,_ ______________ ---

~1/'!' 
·4·· c . 
I··. 

I 

I 
I 

CONTENTS 
/'Uflf 

INTRODUCTION .................... ;.................................... v 
SECTION l. RADIATIONS ...... ;.................................... l~. 

A. General Barkl{'round Information......................... l 
1. Nnturnl Bnckground and Medirnl F.xpo11url'11.. t' 
2. Sourc(•s und NntureofFulloul ....................... 2 

B. Whole Bocly Exposures .. ,.,................................... 4 
C. Skin Ex11u11ure1 .............. ,..................................... 8 
D. Iodine 131 ........................................................... 11 
K Strontium HO nnd Stron~'um 80............ ... ... .. .... . 14 
F. Carbon 14 ..................... ;;; .................................... l(; 
Ii. WRter and Air ................ ~..................................... 1~ 

S~;CTION JI. OTHER ASPECTS................................... 21 
A. Bla1t- lli1·l•ct and Reflected................................. 21 
B. Thermal- I~ln11h and Heating Effect11................... 23 
C. Wentht!r ............................................................. 2G 
n. Ground Motiona-Jt~arthquakea .......................... 27 

SECTION Ill. <mNERAL EVALUATION .................. 8~ 

APl'F.NDIX Hofety Proredure111t the Nucle11r Tt•Rt· 
ing Sites....................... .. ..... 38 

<; lo1111nry..... . .. ... .. .. .. . .. . 40 

iii 

• 



,. 

JI 

11 

I 
r· 

·\.:. /,o. ~~~ 

': ·~-·~' 

" . 

INTRODUCTION . . . . f\ 

'. .. 
/':. 

Fallout from nuclear ·,;capo'h1 tcst11 has been by f11r tlw 
princ>ipul mnn·muile 11ource of radioactive environmental con· 
taminntion. About 340 nuclear.detonution1 tn the 'atmoaphl're, 
by all nations testinir, ~ave been announced. "The total enl•riry 
release has been about ·01r million tons (MT) equivalent of TNT 
with the U .S.8.K. tests uccountlni.r fol' about 70 perrPnt of Uw 
total.' Included in this total i11'bout 193 mlllicm top• ofenergy1 
relea1ed by fiHion-the proce~!ll that cre11tP.1 the .. radioactive 
ft11ion products preaent in fallout.• Two ;w.r·dred million tons 
of TNT t•nergy equivalent would produce abou~ 12 tone, by 
weight, of flHi.ion productdebria.' 

The di11<0 u1111ion that followaitn aectlon ·I attempts to sum· 
marize an enormoua arnoun~; of data and to· preeent aome 
evaluation of the eatlmated '"dlation expo1ure1 to peraon1 
from radioactive fallout.. Section II deala with' other health 
a1pect1 of nuclear weapona teatinic. ' · "- ,.,. · 

The information presented herein i11 Intended to provide 11ome 
an1wcr1 lu three baaic queatlona concerning the teatlnir of 
nuclear Wl'UJ>ons; · ' .,, · 

1. Whnl are the problems and pu11ible ri1k1 aaaociated with 
nuclt•11r weupona teatime?:~ · · 

2. Wh11l 11rl' the data concerning etTecta from past tests? 
a. What do tlw11c data mean- how aerio~a are th1o po1111ible 

l'illkH'! 
With thPll(' thrl'c queation11 in mind, thv Information for end1 

hcalih n~pl'<'t-such a1 whole bo1ly expo1urea-l11 presented 
undf'r thrN' 11uhhendinjlll, i.e;, Bnckground lnCormati1111, The 
D11t11, 1111d Evnluntiona. 

\' 

• 



i 

I ~. 

{. 

LOCATIONS eof NUCLEAR WEAPONS TEST SITES 

1
\
1t1lr:,:• 

llU 
IUJ 

f.M) • 
t'...!.I 

~CllllllU 1i 
1! !,),, 1011 IHI 

•111111 "'' "U 

,_ 

. r: 



·, 
.i 

rtkl \ 
~'· 

,,. ·1 
)f. 

j. 

; , 
' 

SECTION I. 

RADIATIONS 

A. GENERAL BACKGROUND INFORMATION 
. , 

1. Natural hclctreund and Medical lxposum . ·;· 
A11 fnr aa ia known, man always haa and always will live in a'l 

environment· ftlled with nuclear radiation. There:''"';radle>:, 
active materials present naturall)' In the ground, the ~a, and In:· 
the air. Ootmic ra)'11 bombard ua f~m outta· apace. ·Na~urallf.,: 
occurring radloactlvl' material• In our food auppl)' Irradiate ua · 
frum within. · · ·! 

To these levela of radiation expoaurea are now added those 
from fallout-but these radiations (gamma raya and'beta par;; 
ticles) are no'·dlfferent in kind from those emanatln1ftrom~ 
natural sourcea. Nor i1 there any evidence that they produce~ 
any fundamentally different biological elfects. The radlationa 
from nnturaraources nnd from medical, induatrial, 1md acien.' 
t1ftc use11 of rladloiaotupes and X-r11y machines, and'their bi~; 
ological eft'ecta, have lieen studied intenaively for many yearaf 

To repeat, radiation i:Xpo1ure1 from fallout are in addition to' 
thoae from natural sources but they are juat that-additions of. 
more of the same typt• of radintion. Fallout haa not introduced 
a new nnd atranp agt!nt into our environment with completely: 
unpredictablr. reaultR. Indeed, a Committee of the National, 
Academy of Sciences-National Ruaearch Council hu atated: 
" ... Despite the existing gap1 in our knowll!dge, it ia abun- · 
dantly <'l1>ar that radintinn is by far the brtRt understood en­
vironmental hazard .. ,"' 

TAB!.& 1.-Radiat1•m F.x1um1rn from Nntural Rark11round 
ornl Mt'dio•nl 8o;Jrce1 

Nat11ra/ nark(lrourul (annuul fXpOIUrPI) 

Total ............... . 
<iarnm1 raya(from tnrrot rlal oourrn)and <'oomlc ray• 
l'~taHlum 40(i11tv11101> 
<'•ll,1111 14 ..... 

.If, 11irul 1-:11w•11"' 
Chrtl "·••l! lp•r ~•po.,,r•I 
Hark X ray (JHtr npoe" 11·1 
f'ti11ton11vr0Jil'r•m (J>f'I ,. x po~ut t' f 

"t·· 

... ,abo•ll 

11 ... ,, .. , 

U.086-0.¥0 
0.1 <varlul. 
01118 , .... ~., 

0.001 

H.~ 

ti' ,,,: ~ u 
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\ario11s units ha\<' h1•1•11 11111•cl lo 1•Yprt•11s 1•x;111s11r1 • to 
rndi11tion 1111d1 ai; I Ill' rount1w11, n·Ji, n•111, nnd rurt. A II art' ill· 
tl•ntlt•d to 1•xpr1•i41-1 i;umt• rl'lnti1111sh:: 1 lll'tw1•t•n th1• rndialion 
1•111'1'1.!V nh1111rh1•cl nncl hiolol{knl t.>fl't•t•l11. Sine'!' it is 1101 c·ril i1·11I 
for th~· following diHl'UllBiuns to 11111lt•r11taml th1• t1•t·h11it-al clifft•r-
1.mN•11 11monl{ till' n11it11, only tht• "rot•11tf!1•11" will Ill' uiwcl. To 
111·oviclt! 1101111• pl'l'llJlt'l'live 111 to thl' mngnitud<' of 1111' "nH"nl­
l!"n" tablt• I i11 i11l'1111lt•1I. 

2. Source• ond Nature of Folloul 
Tht• major 11ourl'1' of r11diont•tiv1• malt•rinl11 in fnll1111t i11 till' 

fis11ioni1;;1 or·:,, litting of 11tom11 of uranium und plutoriium thnt 
g1vu11 riflt• to n l11rg1• number of u1111t11hlt• n11lioi110~.:1u•K I 11 th1• 
fu11iun 1>rort•1111 hyclrugen nurh•i 11r1• juinl'd togetlwr. I ml11c·l•cl 
rndiourtivt• pro1h11·1 i; r1•1ult wh1•11 inert rn11teri11l11 1·apt11rl' 
1w11tro1111 t hut 11r1• rt•lea"ed durinl{ either the fta11io11 or fu11ion 
11ruwM11. <l1•111•rnll)', tht•111• indu1·1•d r11dio11ctive mutrrial11 art? 
rclutrvl'I)' 11l111rt·liv1•1I •u1d 1·011trlh11tl! only in 11 minor wuy to 
rn1lintiun 1»qm1111rt•11 to 1111111. Tlw prin"iJml exc.iptiun is t•arhon 
l4 1l1111rrilw1I I 11 "~·1·1 ion I I•' I 1111g1i I ti), 

fiolllf' of I h1•M1' r1111lo1wiivt> 11111h•rlnlH Cllll'llJltl Ill ic11s1•s n111l nn• 
di11penl'd 111111 dilutt•d in thu nt moKJ>hcre. Mo1t of the li11"iun 
pro1h11·t11, howPver, h1•1•01111• incorpuruted Into or attm·he<I unto 
mit111t1• irwrl pnrti1•lt•K of 1l1111t nncl dl'bri11 frnm tlw imm111li11t1• 
environment of thr bomb. Tht> duat 11nrticlca, togeth<'r with 
thl' n1111o"i11h•d riulinm•tlvc nu1•1idt•11, 11rP qwopt high into the 11ir 
by thl' hent nr:d forct• of the m11°IN1r explosion. Tlw lnr1Cl'r 
p11rtifolPs 11n1l thost• in the lower lt•veh1 o1 the clou1I full nPnrby. 
Smaller pnrticlcs in the upp<'r h•vcl11 arr rnrried nway t.o be 
11pre111l worl<lwhlr. The worldwidl· distribution of tht11P rndio· 
activl' partirle11 follPws the same pattt>rn us would occur with 
any other smnll pnrticles injerll•1I into the 11ume rl'11:ionR of thr 
atmoKphl'rP . radionl'tivit y h11s f's11e11tinlly no t•fTl•rt 011 t ht• 
pattern of <li:itribution. 

Houl!hly, 11 nucll'nr dt!tor111tio11 of one-hnlf million tonw or 
less, fired 111 n low nltitudu-hut high {'llouich Bo tlw lin•h11ll 
dill's not i11t1•1'Kl'l'I tl11• 1iT011111I-- 11•11ult11 i11 rnc111t of 1111' f\HHion 
produl'ts rr11111i11i11f! in tlw lower atrnosph<'r11, thf' I roposplH'rt'­
They art! dc•po~itr•d on thl' l'nrth'~ 1111rf111·1• nt n rnlt• llllf'h that 
one·hnlf of th1 1 arrwunt rc•rnitininlf in tlw ntn101111h1•r•• nt 1111)· 11111• 
time full!! in ~ .1 wr1•kR (rnlil'd lropoRplwrir rl'111oil'111·1• h11lr 
time). AK tlw l'llf'l'ICY yil'ldR of r Jw ll!ll'lt•nr 1kto1111ti1111~ ill· 
crl'l\11<', morP alld nwn• of thl' l\i;R11111 111·•111lwl !I 11r1· ~w .. pl liiidlt'r 
an cl hhthPr i111 '' I ht• RI mt o~plll'rt• !111• lay•• 1 ah11r1• ·Iii' t '"I'" 
sphPrf' lliic. :!l. Tiii' 1P~1ct1•11•·c· lii1ll·l1111t 11 .. 1·1· 1H '""'''Iii<•· ••111· 

lwlr a y1•11r f1or i 11j1·1·t i1111 mt" 11 ... 1 .. ·.•:1•1 "' 1111 ""1'111•1 • i" 1 1,. I'"'·' 1 

2 

I 
U'1tll"l"'l 

~·~f111u14r. ~- · flr11~ruli1~d clr11wln1t uf lh•· 1·11ith'• 111mu~111!•~ 

' 
rPgionw'aml one year or Romowhat ll'l!H 1.t the l'4uato~ 
ndlve debrilf frvm 1111l'lc11r dl'tonution~ '"'l'UtTin~'At V 
11IUtudt1 (about :rn milo" anti higlwrl 111ay hav~ " ~ 
hnlf·time of five Yt!lll'll or more. 

Roughly two-third11 of tlw r11dio111·t i·. P Jlllrtlculal 
inj<'eted Into tlw lower 11trut1111phc1·e 111 ll11· north pollli 
h111 been ob11erVt!tl to full 111 the 110" tiu" North lat.it11 
where about kO fllm't•nt of tht> worlJ'11 pupuluLion Uvt 
tion at the e111111toriul 1·t•j!iu11w hni 1,1•1!11 oh1u-l\'ed t<i i 
11 more even di11tribution b1·1 Wt'"" tli1· 1 wo lwml11p)l. 

1''or 1urfat'l' hur11I~• of hh.d1 tmillion '"" rl\llJ(e) ylctl 
Ml WO percent of t lt1• rndionrtivP dt?brh i" d1-pu11ited I 
f11llout,'' i.e., within 24 hourH. Air h111,•,; ·wh~(e tht 
d111•11 not a11pr11111·l1 tlw irnrf11('1• --11•11111 ir: >::ti<•, if 11ny, L 
1111t. 

Tnhlo 2 tab11l111u" ~·111w of tht• koy dat.1 1111 e~tlnrnl\•d 
1•111•rlf)' yieldff from nll pnRt 11w·h·11r w1•;•1 •'1''' lf'Kla. Of 
"''"rA')' rehtllfft•cl of fit I niiliio11t1111111•q•11\ <111'111 of1'N'l" 

T4111.11: 2 ~:•1i111M1·• or Vi•ltl• from All'.,,:."" W•1111011• Tt 

'l"·lul mllliori Ion•' 
f1 .. iun mllho11 !ull• 
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pt!rCl'nt rc11ultNI from U .S.S.lt. tcst11. ThiM l'•1 al v1wrgy rcl~1111 .. 
iii of u111• in l!Stimnting the amount uf ,·nrl.i1111 14 'produe1•1I. 
I nridl'ntnlly, it i11 n1111umcd that the rnrl1on 14 is di1tribuh•1I 
more or ll'!ll! uniformly around the world. \ · r 

Tui>k 2 al~" Ah"w" thnt of tilt! lO:l million ton11cnerK)'11quiY11· 
lent releaaing fission producta, about 161 m1111on w1ia wc1·1· 
acattered globally.3 Approximately two-third11 of thia amount 
originated from U.S.S.R. te11ta but will ocrount for abput thrt•t•· 
quart.en of the long·term fallout in thl• United State11 becaus1• 
of meteorologirul factors. Thia ia bl't'nu11e there will be mun· 
depoaition in the North Temperate Zom• from n nucle~r detonn· 
tion in the lower atmoa11here at u northerly latitude than from 
thu llllme 11hot at an equatorial site. Atmo11phl'ri<' te .. ta at tlw 
Nevada Teat Site have contributed very little to the depoaition 
of long-lived radioiaotopea but at tlme11 have been the 1ource of 
relatively high amounts of ahort-lived radioactive materials in· 
eluding Iodine 181 In the local environment. J "· 

At the time of a nuclear detonation something like 200 dilft••" 
ent radioactive 1ub1tances are fnrmcd by f\asion. ·Additional 
onea are ~reated by induced activity. Although ·iheae mn· 
~erlala emit only radiation• with whil·h we are already famil· 
tar-gamma ruyll and beta pRrticlea- it appe1m1 at f\rat 1rla1we 
to b~ almoat an im1>0111ible ta1k to co1111ider them indlviduRlly 
and in the liir1Crcgatc for Rn appraisnl of their hPRl~h hazord. 
Fortunately, for An analy1i1 of the pruhlem, mo1t of the rpdio· 
nuclides are of little health con1equence11 becauH ·of their 
sh~rt r~dioactive r1elf·live1 or other characteriltiCI IUCh 1111 

be1~g .h1Ji;l'>ly ln1mluble. ln fact, It h1 1>0Hible to e1tlmate the 
rad1at1on do1e11 to variou1 urgan1 of the ho1ly by conalderlnic 
~nly five p~incl~al. radlonucllde1 In follout that are dPpoaltrd 
internally, 1.e., 1ochne 1:11, 1trontium HO, 11tru11tium 89 ce&ium 
137 and carbon 14. To the1e internnl <lollell there ~ult he 
added thoae to lhe whole budy due to the radiationa from full· 
out material ou.tRi.de the b~dy. Tiil' 11ruhlem or eatlmnting 
theae la~ter rad1at1on do1e1 111 again sim11lif\ed by conaidering 
first. ceR1um 137 nnd then lumpinic 11 II of tlw remRlnlng rndio 
nuchdes toicetlwr in the euleulution11. 

B. WHOLE BODY EXPOSURES 

ladc9round Information 

Fallou~.11articlPR. <'OllR.illting or inert 111ntf'ri11IR together wi1 Ii 
the a11111H 111ted nullonrt1ve mnterinl~ Hl't U1• to t lw earth's ~ 11 r 
fac~ Whl'r;· rnoRt of tlwm re111eir1andI111111 llf'Yl'r llOt i1111ide •1111 
b~clw11. 1.hr.:;1• :<tc•rn11I, 1111111 rnndP r11di•1111wlit1, 11, lt•1\11•1i· •.• 

will 1riad111ll' th" wh":" hod~· l1y ti1t•tt· flPllf'tlnlint: ll'llltl'"'' 

4 

i 
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., 
' 
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rudi11tions whil<• tht>ir ~hort\•r range l.ieta pit1« i1•les will <'OJ 
tribute a mueh les11!Jioloicically11i1tniftrant cxpo~ure to tlw sktj 

OJ the raclionuclicl1111 th11t 1·1111tribute to l!Xlt•rnal rutliut.iol 
tho moat im1>0rtu11t singlc orw i11 cealum 1:1'1. lt11 r11diou<•th 
hnlf·lift• i~ llJlllroximutely ao :Vt'llfS. 'l'h1111, il i~'. p111111ihli! ,. 
<'e&lum 13': to remuin in our onvironme11l 101 ioilj.( 11eriou11 t 

time without .1oai~1g mu~h ~r. it11 11ctivity, altho111t ii there can ) 
lost or reduction m 11vall11b1ht.y of the mnterh1l throu1th nor"\ 
weathering pro1•e11Rell. Still <'l'Rium 1:17 do1•s huve 11 11~q 
l!noui:h lirv so that moat of tlw rudhition11 Ul'l' r·<'luased wit'!\ 
the life ti llll! or a mnn. i 

All radioU~!tiVe muterials in fallout, except 1·1•i;ium 137, wh~ 
r1111u&l!1 out1nde the bod~ ma~ be convl'niently hi mped togetij 
to e1t1muie their contf1hut.m11 to external cxpollurel'. Th~ 
UIUJ'!IY are callecJ "ahort·livl'cl" ever, though 11un1e uo have h~ 
liV'!I of upwurds of one ye11r. In spite of th~' fuct that neat 
ull ·'of tht> rudiation expo11urt• received from Llwsc ahort·li¥ 
radlonuclidc11 i11 completed within a year nflL•r the ruclion 
clidef are crruted the totul nmount of cxpoH11re during ~ 
year, may be greater than I hut received from 1·cHium l:i7 wlt.b 
30)'eara. ·1 

C.1lum 137 ul1111 i11 onv of the ~wo (c11rbo11 14 ia thc othJ 
prl11cipul radionuclide• tl1•11m1lted lntern11\ly tlu1t ir•rudlf 
the~.¥·hok hod~·. It la 11•1t 11 mnjor 11m11·1·e of the tot11l will 
r§ldlation doae exrept In 1111eh ca11u11 a11 that of l~skimo11 w!lf 
diet 11 lRrgely cnribou or reindeer mout. The fc•oil ~hi 
(llchen·<'1triliou·fi.:llkimo) n•llt•cts \.he l'l•lntlv1d v hl11h 11urf1 
co11.~amin11tion of ce1ium la7 011 t.he lichen•. ; 

·1 
TM Doto • 

The hiKheat whule li111ly expo111ro11 from nur•lear wimp! 
te1ta ever ruported by Uw IJnitcd St.Rtc11 wcru nhuut I 'in ro~ 
gen1 lo fl4 Marahallen following the M1m·h I, 191'>4 11urt 
nucleur h111t detonntlon ut th~ Pacll\c Provlnv tiruun1I.' 1 
altuation r1111ulted from u ~hi ft Ing of the wlndH llO thnt the le 
heavy fallout from thia lurj.\'e yield 11u»fncc \J:11'11t oc<'urrf3d 
part, llCrol!ll thfl i&landll irt11lf•ntl O( the OJ'll'n Hl'I\. i 

The M11rahalleae we1e 1•v1wuntcd, 1Cive11 1111•dl1·11I tn•11\.1" 
and returned to their hum<' i11lnr11I of Ronl(elnp •Jll .Juru• \l\1, l 
utter radiation levela h111l 1ub11idecl to R<~1·11pl;il ll' luYfll~ ~ (filJ 
From H1r1fi to 1962 aho11t 24 chll!lrc>11 hu1··· lJc>f'n hom~ 
normnl • 1111d four person11 hovti 11ifld frl)fn nRturnl rAUl 
(One of th.,11e had been on 1111otl1t>r lllinnd ""d tt·(·f•ived Htl r()I 
l(en1 ux11011ure.) Four d.-11th1 hnvc Ol'cllrrcd in U1e ro111111lr1 
l>UIJUlnt io11 of likl! ffiZt•. Tlll'I'•' W••rf', or l'\l!il'l!t', notice. 
uft'1•1·t~ i111111t><liately uftpr tlir irr111li:itl1111 ~1i;·\, 11~ ""11""" 
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~·11aJ11t: 3.-lloriir<'IRI"'~" returned lo their horn" iel•nd,June 11167. !lt.rnr11m•• 
were newly bulh by the U.S. Government. · 

itching of the skin (1ec section on Hkin t;xpoaure below, Kl'l" 
tion J C Jllll{e Kl. 

Also, tht're Wl•re definite changc11 in level• of blood 1•111111ti· 
tuent1 for months afterwnrdf. Tht> Marsh1&1leae have been ex· 
amined by a tenm of physicians yl'ftl'ly and to the preal'nt time 
no 1taU1tical clill'rrence11 have apperm•cl between them nnd thti 
"control" irroup for surh fnrtor11 llK ltirth and douth ruh•R, llfr· 
1hortenlnic, leukemia, cutaruct11 or 1·nrdiova.cular, nrthrilll', 
oµlnhalmk, or rlPntPI <lcferts. Thel'I· may be a 1Ul{l(c•11tio11 of 
lfl'Cntcr lnchlP111•11 uf 1t1iMe11rrl11jlr11 :rnd 1Ullblrth1 1uul rnon• 
recent dutn indlcute th11t there rn11y ht' u lag In growth n1ul 
development of t.hc chilclrt>n, but llw pnucity of vital 11111tlHll1°K 
und the 11111111l l\11111lwr of pi!r~on11 illv1.Jvl'rl preclude u 1J1•tpn11i11-
nation. 

It was reporll•d by tlw Ja111111eR<' Lh11l 1mme ft1hernwn nli•.1111·d 
a veaael 11e11r llw Pacilk l'rovinlC <ir01111cl on the 11nml' dnll' lllil,I.' 
have recl'ived n higlwr c>xpoMurc th:ill lhe Marehall1·~P.' 1 •11•• 
of these l\i1hernw11 di<'cl on St>pte111lw1 :!:1. 1 lll'i4 of n liv1•r di~ord,.r 
complirRtt!cl by the devl'lopnwnt 1•f i11ur111ice 11ncl pm•11J11011i11 · 

The highcs•. 1·~ti:.~H1t•d l'Xpo1111rc• 111 uny incllvidunl 1lt':11 LI,,. 
Nevad11 1\·~l Sitt• Wal' Ja.r. rnP11l1'"ff" a111I tlw .1P~t i1i,•i""'' 
10.5 rol'lll~(\'ll" Tiu· hi1d1,.~! : ~li111 :!"d •''!l'""'"I' '" :111.1 · ,.,,, 

Ii 

., 
' \,-· l 

munity W~K 11bout II rot•nll{t'lll\. 'fh.12re w1•n• al11111l ao ror•~ 
who ·recc1vtid expo11urf'H h•lwt•ttn u .aml 10.,, 1 u1~11lg\!n11. 1 
of the UbllVC radlRtion doKt•!! llrt• uccµn111Jnl1•d drnlf'll 1ince·~ 
N11vutlu 1't·11t Rite opt•tll'cl it1 l\lfil.» ;· i 

llavini: d!!lincated lh"'"' hi,.hest ex111111111"'H il i11 p1·011eri 
u111cu1111 "11•vru~c'' c<:>i111 .• ur•·;-. ~.il:'.:t' t'li•'"'' ,,.,..,. r••l<'\'nlll'f' '! 
evuluati11J.:' po1111iblu l{t•1w\.i1· 11ffect1. Thi.' nv1•1·111{c' whole b~ 
exposure to persons in tlw lJnllud State!' (\11 l11• nccumula) 
over 30 yt!nrl) Crom 1111 1m11t nuclear do\ mnl iull l1•11ts of llnlj 
Stiite11, United ~lnl!'dom 111111 ll.S.S.R. \Ult' l1'n•11c·h \.cn1t.11 ci 
tribuwli v1Jry little> 111111 h1·l'11 e11timated to ht> 110 milliru\i 
gt101• (0.11 roentgens).' 8omewhR\ ov11r 111111 half or thl1j 
pu11u1·e will result from rudion·cuve•.falh•11t 111:itP1•inla out.a 
t.he''body. The rcm11il11ll'r iK dul' to ;earl.ion I I an<l ce1ium~ 
de1>01ited internially foli11,.,it;~ in•~~11ti1111 :.i1.1hal11tion coJ 
bute1 neirliglble amo11nt11). '. · 

In the ru11e of th«' E11kimuK, the hi1fhe11t '"'""'111·•·•1 nmou 
extern111iy tlepoalted l'eKium ta7 In any indi111l1111i wa11 in Jl 
11163. 111 Thir hhrhe11t qunntity or ceaium 1:ri would prodi,i~ 
do1e rutf' uf about 1110 milliroentKen1 (0.10 ro1•11tgen) 11or ri 
nt the tin ... or. me111mrP11wnt. The··· hhctw~I ·1v1•1'Rf{e rorl 
group (Anaktwvuk l'u1111, Alaaka) wa1 nh1111L "no·half of 
value. Sinre ce1ium 137 contnmlnation ul t llp lichens' 
11urf11ce 1>henomonon \•er~· lltUc i• takl'11 "I' f'mm thP 8' 
and the normal blologiral time to rtmovP h11ll of an)' remt 
lnic ce11i11m activity in tho hocly i1only1&bou I 1011 d11y1 ~r po~ 
le11, the annual do1111 11houl1I drop otr in llJli l 1;;. 'J 
IY•IU9tlon . • 

A whole body eJ11101111rn of 1711 roentvr""· ( i\for111lalle11el 
periencc In 1\164) i11 fur in clM11111 of 1<11 111" 1·pt11blc l'xro~) 
Al contrtt11tta\ with Uw Kllrfncc bunt11 i11 I :1: •. 1, the 111621 
te1ta In the Pacific wt>n• h11r11ta in tho nir li11·li miouKh '' 
thu 1iurf1we to vlimin11u1111r111111r11lll11 lurnl i1·il·11i>. i 

Only 11 frw lndlvill1111h1 hnve uxceedl'!I h.1 '''"nil a11101111t• 
criterion of 10 roentv1.,111 ii• JO yP11rle11tnlrli1d1.·d fur the Nel 
1'e1t Site. 
' The whole body nvernl{e 1101111Jntlon li\J Y" 11 nl1Jll11ml'lf c..t 

mllliroentl(un1 (0.11 ru\lntl(l'll) I• l\bout t 1111·:· ,,,,.,.,.,.nt 11fi 
from nntural 1oul'r1•11. Thi' 1li.Qi·1·•t1flf' i11 11;1( .,i-111 b1tC!k1trc\ 
radintion level• Ht v111 io111< l111·nlititHi 111 th1• I· 11i11·1' ~tllhlll c, 
murh l!l'l'lllc>r th1111 1111 of ll11• wholn hod~· •·\: .. 1~111'1' h'om.; 
out. 

-~ 
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~, -~'. ~j C. SKIN ~POSURES ·. 

j .,ai1ro11nd Information · .:; . . , 
f '_,1~adioul'tiv1• fallout clcliriK cmlb hutn pnrticlcK Komo·."f wh1rh 
· en\'1ract• from fnllout m11h!riul with 11111111-ient rnnice m 1m lo 
fi~reJch from tlw 1eround to tho hpad of 11111!rc1•t 111.1111.'-: ~o"."1•y1•r, 

·. :-, in,.~uman t1Ksue the runl{t' uf ~hc~c l.ut1~ p11rt;clun Iii l111~1t1•d 
~PfJ'1cip1&lly ton very amall fr1&C~1011 of ~1n .mch 110. that onl~ tlw 'f 1kln i11 irrmliuted whl'n fallout dt•bru1 111 outsule ·the lmdy. r Fli,rther, there hu been no ob1erwd ski ~1 da~111ic~ excopt from 

, relativuly hu11vy fallout where tlw n11ho11rt1vo .alll!Ui rn11t1•· 
.'. riaf h11s remuined in direct t•ontact with the bu re akin·;· ~:ve11 
'i a ·!,fini:lc laycr o( cotton cluthini: 11pp11re11tly i:rcatly're1lu1·c~ 
'.;,' tO!'; radia~ion doae from betu part1rlc11. . . . *: ·;,tA,pproxmuitely a 600 roentl{eJ'I du1v dvlivered by betn 1>111 • 

:~ tiC)e1 from fallout debri• to the' baKc of the outer larvr of tlw 
~· •. tl11ue hi req"ired -~ produce erythemu (reddemnJC of th1• 

.:~ 
¥ , .. ·-

' .,..;~;. ' 

1"10UU ts. - llil(hh· riulioaC'livr- fqJl•n1t malt·nnl n·muir1"ct m 1·0111 ort with t 111· 
-i~. frl'l rnu•inJC 11Pvrrtt ~ki11 Jamal''' i'M dn~'!'I 11ftn .11i11nl 1·n1•t ;11111 

B 

·-
fl<!Ullf. 411. -81m1 HH 111 month• la\ff, P1m1119 heille•I wllh '!11rm · · 
•; m1nta'1on uov~I rw 11n.ll 1po11 lll!lrkll111 \ h~ are.II!' "• 

: 1n1r1 dam11p. ;~. .,iifH 
' \~'?i 

•kln). A 11imilur re1ult frum X·ray11 would l'Cqllil'e IHI ralli 
,. tlon do11u. At 1omewhat higher do ... rru111 heta p1u1.jtl 
t'lfnlHed by rallout debri1 ttpllatlon \1011 of hnir) may <XI;~~ 
At •till hl1tht1r do1e1 morri 111>rio1111 tkin d1111rn1!t' may bef,•.t 
peeted with 11uch l)'rnptome a~ Ul\l9rlthm. ,, · ~~ 

"" Dat• . ' ii~~ 
'Skin dnrnl\ge from betn l11.1rm1 wa1 f\ral uhwn-ed on ~JI 

cattll' icrnilnit near the Alamogordo, N•~ ~-1\-xico Te1t fjl 
followinll the flr11t nuclear detonntion on July 11;, 1114&. l:pU 
tion wa11 ob1erved in patcht's where the f1tlh111t :iPbrla h~ul a~ 
po1edly rl'mained in plare. The h1tir vrew liill'i-, wlail.e In "olc 
and no othn advene effrrts have liHn oL~·· 1 't d ln ~hti etlt 
or thl'ir off11prin~{&. ·' 

Otlwr "lwta b,- ·111" hnv!' bet'11 ob11'rved "" 11 f!'W caitl•; 
10~2. on hul'~1·s ii• 111&3, tt11ll um· liur~e in l\1i1io '" Nvv11da. · ~ 
o(thl'~t·. 11.1 wt>ll u~ lht• Alt1nl'tl-(011lu cn\tle w1·11 l•rniintt wl'qi 
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20 mil11" of icround zero where tlwre w11111 "·I~ . ..,~v'y lue1tl 
fallout from the bunt1 occurrin1< un tow •.. -1ch1 e1tlmales 
1u1oce1l that the external wholo body n111J111re1 jn the,•e •~me 
area• wouhl have been in exceRR or 76 ruenticen•.f[j>IUJra111mu 
raya. 11 · ~;, · ;··~'.\ ·_ -

The 11rincipal example or akin 1lnmaice WH in the caae fl~ the 
Marlhalleae people followinic till' iwuvy fulluiol uH ~lim;h l, 
1964.' The rno1t damaged areaH w11re (a) In the nttion1 or hair 
on tho head (oiled), (b) fold• of the moi1t bare akin· 1uc11 a1 

the neck reirion and inner elbow, und (c) to111 of tho feet where 
the fallout material remained in 11l11ce (fhc1. 4a and 4bl. · The 
extent of skin damage to the moKt huvily expo1ed a:o~p may 
lit! •1tm111a1·ized as follow1. · · '· 

4/i individuala ......... 11uperllcial leahm• 
13 individuala ......... deep leBiona ·. • .. 
6 individuala ......... no leaiona '· · · .. 

Tota/ ......... 64 ... ·· v· 
86 individual• tor ' · 

the 64 above) ......... aome deirree of epilatlon • 

Hair or normal color and texture haa regrown' and all le1ion1 
have healed without vlalble eft'ect1 except for permanent 1011 
of pigment in tho healed area• in Individual• apd 10me 1car 
tl11ue behind the oar of one m1m, markinl&' the'loc~~lon of a 
previou1 deep leaion. · r•> · '·<¥ ·· 

Additional ea111 of 1kln damage from fallout were ob· ' 
1erved on 1ome Japane11 f11hermen aboard the Fukur)'ll Mani 
and aome American 111rvice per1onnel on the l1land of 
Ronpri!< a1 a re1ult of the Mauch 1, 11164 fallout." 1AllO, tour 
men In charl&'e of handling "hot" ftlter1 from monlt.orlnr air· 
craft at the Paciftc T11tlnr Site in 1948 received Hvere beta 
burns on tho hand1. One addlUonal c1110 w .. ·an Alr'Forct 
officer in chal'lfe of tran1portation of radioactive 1ampln from 
the Paciftc PrC1ving Ground to the United State1 ln1191il. A 
leaion developed on hi• forehu1ul •nd rhd1t eyebrow rer!on. 
The damaged area 1howed normal repair proce1ae1 but the pre· 
ViousJy blnck hnir of the eyebrow Wal replaced by White h11ir 
upon regrowth." 

There have. bt>en no known cnKl'I of human bet.a bu1111 at. or 
around the Nfv.da THt Site. 

lvaluation 

Seriou1 skin dnmage can result if highly radioactiv1 fallout 
remain11 in <lirl'rl ~ontaC't with llH' skin. Rimple mea1ure111urh 
as wa11hinic can hr very eft'ectivl' in redurinl!' thl11 haiarrl. Lilt' 
10011l!r thu liuU!'f. Skin damn..:(• haK not t.11 .. •n ob1erved except 

Ill 

in tltoM1! 11n·11• wltl'I'•' llw 11rnuu11t of follout w1" llif!h, i . .,., tn••Mi·. 
hi)' .... l'I' ii1 l'lll'llil"f'llH Wli<th• h111l)' 1JOHI' from ti!" 1'1111111111 rn1li11 ': 
lion Wilh lllllSl of lhi~ l'XpUKUfl' Ot'Clll'rilljC ill \ht' fir~l few thtyK., 

. ., Thu11, till' pot1•11ti11I hnwrd of akin burn• 11111)' "" IJ8Hllliully 
·t>li111in11tt•d hy 1111·1•! inJ! thu critl'ri1t 11f 1111 accept auli· whol11 hu1ly 

., l!XJlllMUrl'. ()f "Olll'KI', by l'Ylll'Ulllillll from II l1i1dJly COlltllOli· 
1111\.l•d 111·0•11 it iH l"•Hsilth• tu rvdu1·1• dra1tic11tl) wii11ie body t-X· 

po11un', y1•l 11 rPlativl'ly high 11kin 1losc could 11<"!'umul11tc- if 
tlie fullout 111nt,.ri11IK w1-n• not removed ejlrl). ~~ 

D. IODINE 131 ·1 
.'. lackground Information 

ApJ•l'o•imnt"IY fl. Hi million r11rif' (n "ruri•"' 1·11rn·~1K>11tlK to 
l!.:! millio11 rnillion tliMint11icrution~ of nuck•i pt• 1· n1inutP) uf, 
io11inl' 1:11 arl' 111·odut·wl fur each kiloton TNT 1•quil'Ulv11L of VII·, 

erg)' rell'u&ed hy tlRrlion. For l•li~., iitilJ ah·liu• ":·" 111uiit 11f the 
iodine 131 1110111( with othl'r radioactive materinl~ will tie 11wept' 
into tlw u11pe1· ntmo1111h11re (1trato1phere) ~nd, i;in<"C io!Jlne 1:u '. 
haR 11 hnl'·life of only t>iJcht duy1, 11 large 1111rl oi' lt11 activity'. 

• will decay befor1• l>i.inic d11po1ited on the 11arth on the other 
hand, i..idint• I :11 thnt r11tnait11 in the low11r utmo~ph•N, the: 

·" trupu111her11, will hi' dto1101iteu relatively qukkly 111111Ctln1tntttr; 
' the fouu chain. ' •' 1 

Milk iR th1• 11rinripnl route o( 11ntry o( imlin" 1:11 Into the·: 
human body wlwre it is aeluctively dopo•ltt>d 111 the thyroid• 
ll'hrnd. Thi' llKrilllllPtiun I• UIUllil>" made th;il :10 pereent or: 
ioutne 181 in1n·~tl'd hy human~ i1 deposited i11 111 .. thyroid no 
maU11r what the 1izc of thi• or!l'an may be.I• 'l'ln1s, nn infant'•; 
thyroid itlaml of uliuul two gram• weight would n·1"t•ive 10 tlmu1 · 
more radiation dolll' th1111 the 20 grl\m adult', I ii~ rnid for tho 
1ame umount of Iodine 131 iniintod. For t hi·; runson ~·ul· 
culntlon1 or r1111i11tion do1c1 from Iodine 1:11 1'1>1 the icenor11I 
pop11lation Rrl.! l;u~ed on U101e for tho inf1m1 r11tioH than U1fl. 

adult. 
Direct mea111r~ment1 or iodi111r 1!11 In milk 1>1'11' n11t n111d" 

around the Nevnda Tc11t Site durln1< earller lin11',. uf t11stillti" 
1inre It wu1Lht•1·01111t'l1Bull of 1ritrntl1t1 wiLhi11 1111.I "11t•lll11 thv 
AEf.' ancl <;ovt-rnment ut that time th11t the li111it11q1 factor w1u 
the potenLiul 1•xtnnnl whole body npo11ure. I l i~ now n•rnl(" 
nizt•d th11l lht-n• rnn ht> 1itu11tlons where tltt· 1111li11e 181 t>X· 

11011ur1• !'1111 hi' 111t1Tl! limitlnl(. An exomple :of 1hi~ w11a thu 
S11111lll1oy M1irf111'P ~ltnt on July 14, 111112 al 11, .. :;1·v~1l11 Tl'~t 
Sill'. Thi' dl'lo1111lio11 Wll~ IRrl(e N11•11tch to 1'l'odt11'•' Kil(nllintnt 
111111ntiliPH or i1"lilll' l:Jl hut dUI' lO it~ luw l'IH'lV' yil'ltl lhi' Al" 

li\'ily Wll~ llUI ~"'''l'I lu lri1th 11lti\11clt•1 to 1,,, "' riP<l l\Wil}, 

1t1•l •! • II 
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tlilfuM•1l urul dilul11d u11 had u1·n11Tt•d for)!lri{11r bur•t4 in llw 
ntmoK11lll!rl!. ' ;t'"r. · 1 · " 
The Dato f?'' · . 

'l'lw hi1.:lwst 1111nunl aver&l!l' v11l111• of iodine 181 meuur"d in 
milk hy tlw l'ut.lic Health S11rvh-1• national petwork <ftic. Ii) ul nny 
tinll! WllH Ill Ht. J.ouia, Mo., for lht' period 'of Auicu•t rnr,; 
throuirh July 111r111 14 ·:Tho l'lllt•ulntod avoraiw d111e w1111 I.Ii 
roenl1t1•11K to infonta' thyroidM lmHt•d 1111 ihe:u1ual a11umption 
of c;wh drinllin;: one lit.er or milk pur day..::rhe do1e w iii a<h1lt 
thyroill would u11 only about 1/io us much; .• The next:hiicht•Mt 
t•akulatetl t11t11l liVlirage Qlll!I' WUK 0.0ll f111111f.,,lll 11~ J'al111t•J', 
Ah11k11 (Ortoli1•r 11101 throuich Rl'ptembtl''f11162l, and th11 thinl 
h1iclw11t woR II 11:1 roenlft'!n for Sult I .nke City, Utah (Septeinlwr 
111411 throul(h Auicu1t \1162). Dt•t·au»e oHho untivenne11 of llw 
ioditll' d1111011ition nelU'. tho Nvvmln Tl!lt Site it!• 11011lble thnt 
1mall lurnl 11n•11" mll(ht 1how v11luu1 10 tll!'fl or iw 11"rt11Wlr th1111 
thr 11v .. rn~1· for th11 l{flnl!ral r1•~i1111. 1t··ja'11l110 pMhllhlP thnl 
hiiclll'r lt>vulK of iodine 181 limn thcae exl1ted in local 11reoK 

nrounrl tlw N1•vuda 'fHt $itc durinic Pl'Pt4f,.\l.t heavy µillti111e 
in tlll' 111r10K. · ;.,. · · 

Tiw nhov" 1•1timated doae1 to tht> thyroid Involve 1omr Unt'PI" 

tninti"" in tlll'ir dctermination hut nre bated on 1om101>1111rv .. t1 
iodit11· l!I I lt•Vl'IM in milk 1amplt•8. Theoretical caleulationK uf 
thyrui1l doiu:" hnve been att1•111plc1I, baaed on other lYJll!K uf 
n11li111 ion n1onitori11ir 9uch n~ 1•11llr1·lion ·or radioactive 1111rti1·u· 
11111•• in tlw 11ir or me111un•11wnlK of radiation at threl' ft•l't 
11hov1• the• 1tro11llfl from d11p1111i1t•1I fnlluut. To duh1, ull of I h1••1· 
ll•••ll1odK Kufft•r severe uncl'rtninticK. TpeH monltorlnic r•ro 
1•crh1n•M, 1•1111ipnw11t and d11t11 111·1· URt•ful·for the purpo1l'K for 
whkli thu)· w1•rt• intended. '1'111· diflkulty i• in nttomptinii lo 
11Ke 0111• t)'Jlt' t11 predict anolht•r in a •1ua'!'tltatlve way. 

halvAllon 
All of tlw 11h11v1• ealcul11ll'ri 1hyroi1I radh&tlun 11111111 11111)' 111' 

11l11r•••tl i11 p1•rK111•t•tivr by rl'f1•r .. 111·1· lo 11u0Ung from u N11tion11I 
An11i1•111r of S1·ience1 re11urt. 1

•• 

111 dPK1·1'ihil'µ tlw tl1erap<!1•11l' UKl' of iodine l!il in thl' tn•1i1 

11'1•11l nf hypt'l·tliyruidi»m, 1111· 11·;.,.11 rilated: 
. . 'I i 11 ·n· iR 110 evirlt-111·1· 111 ha111I, eXt'l!Jll for 0111• 

d1111hlf11I t'<IKf' in 11 child, thnl 1111)1 Of thP trORlllilllltK 
fur hvp1·rt l1yroitliR111 h11• p11od111·1•1l u th)•ro11l 1•n111·1•r, 
"It ll'1iir Ii d""''" tun·•• n1111•1'd I 101t1 11 fvw tl•o11M11nd 111d 
'10,·11\1•1'11 : 1qnt,:ard. " 

·11,,. 11 -, :i 11 lw.-i 11·11111"la1""' \\lo• 11· \o'\'t!lo;ofioolinf' l:ll i111111I\; 
,.

11
n I"';, riioij· 111nlroll1n._, f:ir1or 1ti:1n ..,,.,lt•rni.! ~1un11n1 ('\l'P 

"· 
'{it: 

~-v· 

' 

J 
i" 

"i 

:a·: 
,\f, 

:.A, 
t.: 
>. 

'1 

4 . .. 
,;; .,, _ .. 
,-
-{ 

t 
i 
i 

;l. 

1. .. 

' t 



l'U:URY. O. 

\'· 
. , UINILttHtMfNMfYIC:l.(lfu~:f~'"'"°'o t-

( ou111111~ "Hn11ile of milk fur luJl1aUJ:' Tile p~durf I• ~"i"k l 
and 1im1•l•-lhe· milk 11 merely pouNcl. lnw a plaollc:e<intainei \ 
and f<'I inlo lh• rounler. l 11 ror.lraat/analy1i1 or milk for 1lr11n· . 
tium VO "'"f r••111iro w.-k• includl11JJadfochemlc1I pr<rparolion · 
of the Hmple. ·~\.i. , · 

~"'.·:t:: " t.. 

11ure1 th11t have hitherto been 1•unHidered of prime intureKt for 
lor11l fallout. However, the total potent.lal 1f11Kel that mny bu 
accrulltl will re11uire th1• drinkinir of the milk over pcrio1IH of 
wrek~. Up·to·date technique" 111111 oqulpm11nt now p1m11it 11 
n•i11tiv.,ly t>lll)' 111111 r11rly 1111rv1·il111nr1• of Jodi1111 111\ in tlw 111ilk 
s11p11ly providing an opportunity for w)latever action 11111y be 
11ppropri11t11 (Figurt> 0). '· 

E. STRONTIUM 90 AND STIONTIUM 89 

Background lnformolion 
Strontium IJO h1111 11 h11lf-lif1• of about 211 year11. It la Ht•i1•1·· 

tively dcpo1itcd in tl1r h1111e11. Chmnlcally it 11 relatl!d \0 !'Iii· 
1•iurn. This ~imil11rit)' 1;1111 led to the u1e of the "1tronti11111 
unit" 1lf'f111en 11s one• pi<'ot'urir (\!.I! di1in~irrntion1per111i1111te) 
of ~1.rn11tiurn \J() J' 0 1' j!rlllll of 1·all'i11111. 

St ror1tiu111 \JO 11111)' lwr111111· as~uci11tcd with food~t111fM liy 
Mlll'fn•·•· <'ttnt11111i1111ti111111i pl1111t·' or liy u11tnl<t· 11f tlll' ~trn11li11111 

---~, 
,.~ .. .'fip°l''·· ).· 

..... ,,, -~.,.. .. 
\IO~from tlw •01\. lh1ri11,r >'f'lll'M of rellltl\'l'h It<·'"~ f111lou\:~ 
eurf11ce ''!>11lnmi11ali••ll lrnK 11r1·0.111t .. d for th• I 11.:•·r 111ut u~ 

.~:.t:~ " \he1tronti11111 11rt1v1ty in plnnt• but in tlw 111--· "1• uf n(mo~· 

.i . ' pheric 11111·h·11r lt•Mtinic the 11vt'nut• of ~111i upt.aJ ... 1·11·1lom1n11te# 
J_:~~~ .. ;.,., ~·-{~ Tho 11eriodM F.howinl!' the hi1the1t 11muunl of ·'· 1 .. 111 :um 110 iri I 

J . ~ the ·f•Klll ""l'JllY lrnve bePn inv11rl11hly tlll' Mprt11;· and M1tmme1· 1 
·:1··:·;.~ m11nLhK foiloWilllt yt•llU or lwaviut testillV 't'i1i' i~ llf<'illJ&t' ! 

'· 1.',:~f it)' found 111 JJlant hCe thnn due1 11111 uptal" d11r111ir thu''' 

~~'!t.,!•. or IDl't!'Orulol(iCllf f11CturM llntl 111~0 thP farl 1. hat ,;11rf11r.e ('Oll'•j 

~F·~-~· •.. taminlltiun. 1·ontrihut?s nwrll to the t~tKI ~t r11n t iu m, 110 11ctiV··1 

.~!tl'~Sl,· '·· "pefloda. <Incidentally, tht• re"ium ia7 co111"1 t 11f pl1mi lif .. 
··~~· · ia even more dependent on 1urfare cont11111i11;1tto11 since uni;•. 
~f ver)' Rn111ll nmounts are lakl'u u1• frorn u ... soil.) Are11a or 

! 5.I,:,~·;-. heavier rninfull conMiKtently KhllW hiichcr Irv"\' ul :<l!'ontium I.fl!:! 
7J"": .~ ·':Milk iK "'"'of tht> beRt inilic11tors of 11tr1•nti11ll1 \Hi in the flJi•i--1 

,:,.:~:~ iupply, yl'l nl tl1<' aame time it i11 one or Ill" 1 ... 11 .. r Rourcca (,1' 
't(,\, ~. · calcium. lh•membt>r it i~ not juMt the amo11111 01' ~trontium 1J1. 

, .. JJ;,: that is im11ort1111t hut al110 how mu~h then• ;, p11·~~nt in rel11 
.&f ·: tlon to 1·11''.'ium. In fact the total diet haa hut! r1J1wlily 1.1\ Umo 
j.l, ·, u icre11L 11 11trontiu111 ll0/1•alrium rntio all did 111 ti Ii :ilonl'.

11 
,. ir;l,., ·4 stro11timn t!ll hns the 1ume cht>mical propi•rt i1"' 11H atrcmti1.1,i1 

~{ ·. llU and will follow the 1111111(• mt>tt1bolic putl" It iM 1•rea\cdl 
: <n: '·· ' '.m\lch lnncer qu11ntitie1 tharn strontium 110 h111 producea l"R ~ 
~?I :.:1~; ~ n prohl!•n• ~;nrt~ it hs111 a MhortPr half~lif« (f>:I dr1yK) KJld erni! 
''~ i"l.( 'beta p11rti1•l1>11 with 11bout one-half the cru•rn· "i tho•" Cr11

1

' 

~ 1trontiu.m 1111 nml it11 J.iult'htcr prudurt. F11r t ill'HC Nll~O>I• 
:. :;. the 11tront1u111 t!IJ t•ontt!llt in milk 11111y pnok 11\ ":1i111•11 muny tinl" 
"f., · that of 11trontiu111 llO durinic the period• im111,.di11tuly followi11 
''-: n1.1clenr 1t•st11, yl't tlw tot11i n11li11tlon 1lu~1· t11 t 111• hone ovcir· 

lifutinw from strontium XII mny \11• unly 111H'·'f" ,, , 1 ,.,. 111· leaa tht'.l 
that of Htro11ti11m 110.1 .. 

· • a Tlw Dalo 
Alu111I '.~II 111illi1111 1·uri1•• ,,, •l l'flllfitllll 'l'I Ii ' ' t.1•1•11 rro11t1• ,_; 

1· by 11t1110M\1lll'ril· ma·h•nr tr"'" wilh 11h11111 I 1.1iliio11 curillt 
" 1 · thl• hl•inic H11rt•111i glohnlly. Th" othn :1 11d\l11J11 t1urie11 j., 

11ukkl» in 11r1·11~ ltwnl to 1111' l••Klinl! ~•l•'" I·> il11tv, rnuJh 
11-U millio111•11ri1•H of Mtronti11111 t111 hll\'l' lw1·11 ''"i1""itc1l irlub11l: 
leavin~ 11 r11ir11i11tccl n million 1·11ri11B in lill' 1" .· 1"11 of th1111tmo 
phcrr hl'iow IOU,OUO fert H11111e1l un m1•1111:1" '"'··11l~ 11ain1C·ll' 
cr11ft 111HI h11i1•1011~)" with ~111111' 11cldHiv1111i :- 111•:1111t~ Rb11v11 ll\ 

• lev1•I. Tiw 11i111·rcp111w~· in 1111111 1111111b1•r•' ' .\111• in part · 
r11diuloicir11i cl1•1·11y of atrontiu111 llll bul 111"' I•,· 1111~•· of \11\I'" 
t11int 11•H in th1· l'Htimnlt•M thclllftl'fvt•H. 

"" f•XfWt'tf 1cl. lhf• peak. vnliir• of .. MttoPl1.1111 "f1il~·· ill'". 

w11~ I'"''"" in .J111lt' 11f 1!11\:i (!l'' "~t1011ti111n •:• :: ;1r; ii 1111tiu11 

I 
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11verni.w1.•• In lhl' nllsence or atmo•flhl'rk te•l8 the&•' h•v!111 . ' with ih·· lulll'I' <'Oll'lilulini: a r•·~l.'r\'oir hohJinv :d" 
arc c1q1crtt'd to continutt to decline i.renerully ex«ept fo~· Km!ll1 i'... .. :;·· '. t< cent.of the nl11111>-
tra111itory rise& durinit the nest°ffW aprini.; •e••un;;. 1he.l!n· · Nuc!enr d1•l111111ti1111s 1·1111 al~o pn><hwe:·11rh11 11 Ii l•.v in~t'• · 
nual dtl63) national averap•for· U1u1e areal of ~he Un~w~ artion of till' 111"11tron~. 1•ru<lu<"1·1I nt the l1111t• 111 l1" .. xpl11~11•11, 
Stal.el 1howirg the hiithHt vaJue1 was :6 "1tr~nt:.um ll~lta wi.th nitr!l)!•'ll of t lw atrnospl1t!rt•. Approxilllil\t'I 111 11 llll'lt" 

in milk. This ie l!'~R than tht"32 "Mtront1um Unltff preth4'ted tun• or total yit•lol tir1•1I in the ttir (surfacl' UUl'.,I· 
and 11hould foretell !en In the boll<'& than predirwu.' l nci· one-half vf t "" ru•ut runs Into tlw 1tr•.1und1 wlil I"· "" ... " ~ull· 
dentally the amount of 1trontium !10 in the milk producei! dent an1111111t 11f 1·arlt1111 14 to "'111111 thv amount .,,., :i::iliy l•l'I" 
around 

1

the Nevada Teat. Sltf ;11 amonic tht1 loweat in the .• unt ·in that pu1·1 of tlw 11arth'11 bloaphere tl111i •l,·1 .. rmin<-
country. : .. , ~,, ' . .• radiation t•xposun• to mun. · llowt>ver, h1&!f of thi~ 111"·1·ly-uddt•:: 

ln ireneral, put prediction• of levels of 11tru11tlum '!° 111 buncs carbon l4 "1li,.111>111•a1·K" ir1Lo U111 deu11 ocuan wit I 1.11 alm11t :;·: 
have been too hiith. Thlr. 111 due In purt to the aelert1~n of datP f' ~<' ...•. ,,, year1." 01w-h11lf of that rtm11i11inic in the atmosplu·n• llkcwi,.•· 
in the up11er ran""" Lu avoid undorcstlmutlon• of rachatlon ex· "di1appour~" in the folluwin~ !13 rears, until only " 1 .. w 11ernrn 
po1ure. Even 10, it i• remarkable tho~ the obaerved amount11 ,. •' '; • remuinM. 
or 1trontium uo in bune1 have been w1thin about a factor of :.~-;-,; , .. , Radioat.~tivt• huitoptis ulit c:hernicBllf·9'lmila1· to t li1•ir stnb;i 
t.wo or U1tt predicted amounu eon1idtrin1r tho fact t.h11t •ueh counterpurtK Ko thut not only i1111tabl11 ~"ru1111 l111i .. :,v ~11rlf••.• 
predlction11 rt"tuire the• application of many 1cie_ntlflc ·di•· "r"' 14 found in nll livinl-( cel11. Thu1, althQllith cnrt.1111 l·l t!mita' 
clplinea-nuclear phy1lc1, met.orolulC)', eheml1try, plant and botu · particli• of wry low enericy that' travl'IK " ' .. r.\ 11hor~ 
animal phy1lololr)', etc.-often·to new 1ituaUon1. • . ; ,, ... {· dl1t,nce it n .·verthcle11 irradlate11 e11ontlally th" ''hole bo•.l)' 

That aeirment of the u.s. population whu111 bones will receive r at anw ur u11proxinrntely one mllllrotntpn (0.Dll I rnent~r; 
the hi1rht1t radiation do .. are children born In 1963 in reJlon• ! · per year. Thl1 iK th11 natup1I backicro~n~ rah• !\11 rnrliuo I: 
or heavier rainf1'1I. The total radiation 1xpo1ure to -.1:1H chi!· :.,,. I TM ht• , , . 
dren-from internally d1po1lted H well a1 external radlonu· i_ t' 
clidea-h .. been t>redirted \0 be abuut 4a& mllllroentpna (0.4Gli Since n11rl11ar we11pon1 te1tlng 1\aJWd &\I milli 1111 ton" \Otu 

·J enerlr)' yield hl'Ve been released. Con1ldering tlie "umlltion 
roentren) accumulnted over·• '10.yeur period, t . of ftrini (11u1·fllce veraua 1tlr bun1t1) aboui ihe 1u11m· 111111.1un~ '' 
holvation · ·""': carbon'14 waa produced from "U p11t teltt •• i• twrr1lally prv1i1 

The predlrted average 70.year rndiation doae to the bones ent'ln that part of the Hrth'a bio1ph1,..~that det1·r111i111.i1 rallh• 
uf the age group ret•eivlnir the hlirhest expo1ure from all PHt tlon expo11ure to man. Aiiumlnir that·.mo•t of t 111' <'11rbon l· 
teata-about 466 mil Uroentrren• (0.46f1 roentgen) from all radio· produced hy the detonation will "di1appear" In t1• t. i, ,. d 1·(•111.1cen · 
active material• wiLhin and out1ltle the body-11 about five with a half-time of a:1 year•, the 111timated whole 1 ... d 1 ..xpo11.11 
percent of the bone dose received durinir the same 70-year for 70 yeara I• 37 milliroon\pn1 (0.037 roentitenJ.' 
period from natural uackirround 1ource1. Afkr thiw 70·ft•nr iieriod the doll8 rate froru b1>nil1 produc1· 

P. CAllON 14 

lodi9rvund Information 
Carbon 14 i• produced naturally by IJ1teraction of co•mic 

ray1 with the nitrogen In the atmoHphere. Althouirh it• radio· 
active half-life Is lonir-6760 yearH -the proce11 of natural 
production had bl'l'll going on tor duch a irreat time thet the 
rate of production and rate of decny were in equilibrium, I.e., 
ju1t aa much iff formed each year as decay1 away, until nuclt>ar 
te1t detonations WI' re Initiated. There is a eon1tant exrhan11:1• 
of rnrllu1. 14 11tom~ between the 111 m11Apht>r11 111111 thP surfarl' 
of tl11• onrth 011 tllf' 11111• hund, and t 111• lll'l'Jl oc111111 011 th« rtlhn, 
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carbon H will Ii" ttlruul 011e-1111ttrter or that 111 : 11, ... t11rt, ~-1» 
about one·quarter of one mllllrocmtiiun (0.000:.!ll 1 """wen) JI•· 
year. Thereafter, the activity will peni1t for 'h··11~nnde •· 
yean but 111 l'Vl'r cll'r.reaalnic IP.vela. 

hwluetlen 

The radiation ex1H11ure from carbon 14 m11y m·1·01mt 
rouirhly one-third of the total r11diaticm doll• fro111 I 11llout ov 
the n11xt 70 yl'11n. ReeauH of it.J long radioluvi1·1:I hnlf·lll 
It will peniet Rt low level1 of nctlvlty for thu119,, 11·1~ of Yt111• 
However, even before the '10.year period 11 coml'l•·l•·d the do. 
rote from nrbun 14 will be fto low a1 to llr.• ni::; '''""~11ral1: 
Thia 11111'" nut m1i1111 1 hat the radl11iion II not "t l " .. lint it"· i 



~--
.~ 
'tl; 

bl' minust•ull' t'OlllJl&reJ tu naturul buckvrounJ ll'velK or t•v"n to 
llUfllll'l Variation11 Of lll&ckitrtHlll•i radiatiun. 

G. WATER AND iA11t 

., w-
~~' Contamination of watcn· 1upplit..t1 doe1 not <·on11titut~ u 1nujo~ 

· ,;:';' 1ourt'e ur Intake of radioiwtlve fnllout d;;11ri1. In the <'fllKI! 01 
·· surface water 1u11plies there iK a very larice ~ilution 1wl_or. 

In thl' ca11e of underground 1111rlear detonnt~on1 t~1l: ~H1011 
,gl,:-.- produeta are re•trlcted largely to the immed1ate_,~lt"Hllty of 

the detonatiun due 11rlneipally to two 'f11ctor11. · i 1rstly, for 
14, underground 1hot1 to date approximately 110 pert'ent of t~w 
'i llii1lon produeta have been fixed In a' 11'l1111y type or nrnter111I 

'" formed bv the deton11tion. St•rondly, ion 1>11rhanit1• b1•twl'en 
·;s., 1ut'h key ft11lon produetl u 11trontlum 90 and ee1ium 1:11, 
l und thr 1oil resulted in almost all of the rPmalnlni.r nrtivity 
l beinic 11d1orbcd within a matter or ~rhkp• ten• to 1.111ndretlK 
;~ or feet away from the 1ource. 10 In addltlo11 to fi111un prod· 
· .. , · uct1, tritium may be farmed In varylnir amount1. Thi1 r11dio· 
i,;' i1otopl' probably i1 not irr11tly inRutMtd by thv two foctun 
:1 1mmtioned and 111u1t de1>0nd upon the dilution factor for l'u· 

duction of the concentration In the water-at lea1t for under· 
·.''iii: icround detonation1. For above ground or craterinit ehotK, 

the tritium laricely e1cape1 Into th1'.atmo1phere where very 
.:·· lartce dilution• uccur. Theoretical calculation1 •UJCflttlt iL 

may bP po11ible ror relatively hiich concentration• of tritium 
,, tu be 11reHent in the amount of water immediately 1urroundini.r 

ground zero of 1ome underwround nuclear detonationK." 
• E11ential to predictinir potential contamination of icround 

water IR the determination or the water movement. The moMt 
_,, 11atl1factory method of obtalninir the necenRry d11tu fur this 

11rcdict1on i11 b~· drilling opP.r;nionK. Althouich thto~•· nrt• ,., · 
'~ pensive uperationM they are 1·arried on exten1ivrly 11t tl11' 

te1tinic 1ite11. 

"'' As long 111 the fnllout matrrial from atmo111heri1· leKt8 rt•· 
maln1 in the uir some may be inhaled and irradiatr thr lunJ!M. 
ThiR rndintin11 dos1• to the lun1CH normally iM lc11 thnn rxtern11i 
whole body ex110111rr occurrinl! nftl'r the fRllout 11111 h1•r11 ti!'· 
posited 011 tt:'-1 ground. Also in • rnernl, i11h11i11tlo11 i• only 11 

minor ro11tributor to the intake o; f111lout dehriK into llll' body 
ingl'•tion la thr much more important r11utt•. 

The whole body will 11iso l'f'<'l'iv1• 10111e 1•xposun• fro111 \111• 
pr11elrntinl( jClllllrtHI l'llY~ whih• tilt' fnllout 11111t••ri11I iH 111 t l1P 
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air, but thrn 1loK<' will u1u11lly In: small corn1•" ri·d l <> lhe e•vusun: 
that follow1 aftl'r the debri1 i~ depu1ite1l 1111 tlll' vround. How~ 
p,ver this ruti11 oC doae1 m11y not hold fnr 1·\'<·nl" where mo~t 
or u:e rudio111'livity thllt e11·u1•e1 beyond thl' lt·~l ~ite i• in 1111 
rurm of ic1111eM or llnvly 11u111•ended p11rl idt·~ : 1."' 11ru co11fine1I. 
t,o II rt•i11livt•ly ~hllllOW l11y1•r Of uir 1Je11r (Ill' Hill'\ :1t'I'. ' 

Mea1uremt>nt11 of tot11I fnlloul i&Ctivit,- in :ii; (called ic1·011> 

bel.a ~ounh) provith• only a •·rude iilt·rlirw "' :;11·111. It i1 nfl:: 
u reliable prm•cdure for prt•dictinit tht> 11m11t111t of r111luul t11 
be de1•0Hited nor the 11muunt of lodlnv 1:11 i11 111ilk." Berau11> 
of the trunaitory nature of llw fallout 1h•hris r1·11111inin1C i11 th•! 
11ir (and sometimes becuu11• of lhc 1111rtkul,11 d1oice of uni\' 
u1ed in t>xpreHirtl( it.1 corll'entration) whnt 111<•:· .«1uml Hkc a:: 
alarminicly larice 11muunt mu)" in tuct, r,.~111 t 111 only 111inu1 
radiution dosl•s. 

Walfr 
The hii•hl'lt muasured fallout activity in wu11•1 wu~ al lfp!Jt'f 

Pahrn1111g11t l.nkc, Nev., ill llllili 11mou11tinl( to 11. J ·I milliontl~ t•I 
a l!Uril per Jiter.n Sinl!o thi• waa a totul l(ruH~ \i1•t11 count 1t 11 
difflr11lt tu l(iVt! 11 precille l!ltimate or tlw pol1•11tiBl radintilllJ 
do1e. A crude nnaly1i1 auiciceatl that if thi' w11ter h1ul b'~'l 
11tor11d and u11erl 111 a 1ole supply for 70 ve11 ro thv t.utal do~~ 
ml1ht be abo11t one roenticen to ihe ho1wK 1111d 011e·q11artt'1 
roentiren each to the thyroid and lower lar~•· i11tntlne. 1 

No radioactive ft11ion products nor li11iu1·t>d ul't ivitltiw lndu•I; 
· mir tritium from under1Cround t11t.a havP h1 .. •11 i ound .in 11ml1.11; 
ground water 111p11lle1t at 1•lace• of hum1111 1·on,;u111µt1on. 
~ . 

The hitrhc11t t'OO<'entr11tiun or radloat·tiv1· 1ld11 i~ in ihe air ll 
a 11op11lated aren off·1itf (cxrept for th1• M11rnii:il l1•sf! expf'rienri 
when• me111uremt•nt1 were mmle only 11ft.,r t!11• pn1&11p:e of thj 
cloutl) wn~ 11lmut 1.:1 111illluuth of a •·ur1n I•"" rn loir nwtcr 11'.'l'I' 
aired over the 24 houn th11 acUvlty WllR 1u·1·".1'11t.11 Thie hnp 
11ened 11t St. Ul'urice, Ut11h, on May 1!1, I 11:.;, 'l'lrn c'Umnt"' 
rndi11tiu111l0Bt• lo the IUlll!'I fro111 l11h11l~·1J l11Jl1.11I il'hfis WllB It,.,-. 
than O.l! roent!fen." The 1»1t1·rnal whoh• h, .. ,.,. •·xp11~un· fron 
thu fnlloul whill' it was 1till in the 11ir wns 1 '" 1d1l~· 11-tim.1t•·· 
to he o.ou, r111•nl.l(Pll -011ly nhout '~oot•I' th<' '1·1,,;1 .. ho1i» o~r•<>Rlln 
thu• ot'l'llrretl nftn •lt•11uMit.ion of the follo111 

h•luallo1. 
Tiu• «0111·enlrntionH of liH~iun prl'l1l11dr- ,,,. ''"'""'in tlw Wlll•\ 

xupplil'~ 1111\1• 11ut 1••111~titu1 .. 1l 1111\jor ''"""' • ! rncliotion •'< 
1unu11t- tu tnu11. Th••n: ~B .u l1~r~(.' t.Hh1ti1111 1 ·.,·t · wht1 J1 M1\rff1·'· 
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<~~J~tf :'-; ., -:~ . ". \. 
water •up5;1i111 are cuntu111ina~~·11nJ th11 l\uion ProdU\'lll frum 
uncforicround nuclear detonat~P.I lurll'!IY become lbed at and , 
near thl! Mite of the ex11lu1ion•1~·Wher11a11, t~eoret1~11I cokula· · 
\lone 1uJ)fV1t tllat concentrationt uf tritium In th11~1ter may 
be nbow 11c\'V1'tuhlt> limit~ 'f9i· ~nm11 underar~und nut"iear 
dtltunaLiona," thi1 reft>n 1 nl)',"° ti"' water immt!JjM\elY arou 1111 ; ..,,: ·* :· 
icround iero. Some dilution l1'to bt> expeetvd if it· 1novH ulf· 
alte and. more importantly, the

0

nit11rion of ·•acceptable lhnit~ ·• · 
11 baaed on the a11umption that. all ur the water drunk throu1th· 
out a lifetime will contain the'tame concentrntion 0Hrlth1m a• 
Ht by the limits. 'The quantit)' of wiater Initially contaminated 
to theae limit• bt 1111 undefln!Und nuclear explo1lor i1 r11la· 
tively amall and would not conatitute the 1ule 11upply for a life· 
time .. Further,' tritium d~!lY!I, with a hal~·life of; about 12 
f'Cll~. ,,-.,!\,;, . . . . . 
~ 'Much; le11 radioactive fallout debri1 enten the body by In· 
halatlon than by lnge1tion.tl;Whlh• the debri1 It In ihe air out·~~-.: 
tide the bod)' the radiation expo1ure ii much leH'\han after •f' 
the material ha1 been depo1lted on the irruund with the 11011ible _ :f;· 
··~ptl~n uf certain 1itua~~;{.noted above{ · i: 
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Dinict blu11t wuve11 th*t ·are pol.entl111ly 111111111~ 11;.r are eon, 
l\ned '".to the immedia&e!!-~atinic 1ite '.arw&a t 111d,·r ce!1al•l, 
meteoroloicknl l'or11litiopi."how\:ver, blaat wnvt•' 111ay bv ·ni'.: 
fraeted (bent) irom an upper 11~111uapherk lcvl·! \Jae!< to tht; 
earth"'land Llrntt neate~'hlKher air ~µre• tl11111 would''<"-': 
expec\,ed ut tho11e distari~•· .. ,. ' ·, 

One.la111r in whit"h t.hle'~ay happe!i'i1 betw~"'' 'l6,000 an•I· 
110,0()(I feet altitude wherewind1·may•cau1e a fon1~inK elf~l: 
at tome ~o-i;o mil\•1 fl9m:the polnt·or detonnt iu11. lri ~urn. 
the blut wave may bf l'ePeaWdlyretl~ted fro111 tho g~\.tn1l 
and bent bark rron1 theaimo1phere c're~tln1t a p1•rit·~ of re~l•i.: 
1pa1:eu flUinta "f focu1.~~ ~he enrth'• 1µrtact' wil h intervenlnit 
"•11•'\t" 1pacea. Such.~ tlfect ,)1-. r-1ult11d i11 uiinor •~rue· 
tural ·damage, 1ueh .. '.)rtaklnr of '111ndow1, 7r, tu 100 m»e& 
fro11t'\h11 point of detonation at \he No'Yada Teat ~ile" (~~·.1~: 

A almllar eff'ect 11 obtained when b\a1i. waves 11rc heni,f~m 
a ltJtr of rehttlvtti)' WJt.rm 1&ir, eallt1Vth1t 01u110~11horl1·:•f · u 
lltllrhi of ao to ao mllt~/Tht point of,11nt Hh1111 L1r tht''"'-·li 
In thl1 caae 11 70 tu 15Ct mllea from the bunt. ' ~· :· 

Thore may be a re\um of 1ound wavH fr11111 t\11 nltlt11i.I 
abc>vt 60 milee (101101ph•r-). Mott or thi• blaRl l'llUTIO' lll •4: 
1orbtd, however, ro1ialtlnr in no recorded 11tr11l'lm11l J1'm&,111' 
ln 10me e11t>11 audlble'1harp craok1 and pop• h111 <' lit111n h•ar1 

Proetdurf't and 11qulpment have nllW been duoloped i 
predict with l!'l'eater accuracy the mapltude 1111.I ,_iitt"ctkm 1.i 

theH refracted bl11t 1'tvtt. ' 
The .... 

Alt.hourh the bl11t wave decrea1e1 In en.ru with each 1u. 
cffdlnr refraction back to the eanh'• 111rfare. t h~re h11 bt11, 
breakaa-e or window• on a 1econd "•t.rlke" at ~'Ho rr.1101 tru1 
only a 17 thou111nd ton <TNT eqnlval•nt) nuch-:•r v11pl111lcm 
(All together 11bout $50,000 h11 bfoen paid for •lrurt L1r1tl Jall\111 
rlalm1 from 1111 lr.1t1 at the N11vad11 Tttt Bit\•.) There h111 
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ru;uui-; 7. -A tluwntuwn t.n1 Vt'JCll wind11\ ·, "hUWllltf how &ht-.,., ... WllK 1m1 k11d 
out b>· tlw rnrPfuC'I iou wa·. u, 111t ht!r lh•n pu1twd tn h)· t ht• 1·11111 

1•rt•l411io11 w11v1• rt'lultinu- from Uu· Noiv•mbtr \, IUhl. nu"11•nr t1·•1 

at 1111· S1•v1Hln T .. •t Mitr. 

been no 1i1rniftcant 1trurtur11I d1111111ge1 from refracted hlnat 
wuves 1im•ro gorul prl'rllctive rnuth111l1 have been d1velop1•d. 

1'here has be1!J1 llll known ('Ille ,., direct inlury to 1111111 nr 
animal• from tlw refracted blnst wuvee. 
lvaluatlon 

The J>1'1•clktivl' pro1'1•1lureK deVPh•p1•1I rea11lt1•1I in 111· .. 11ti)· 
1ll11lil11i7.iiH! off Hil I' lillllllll\'I' frolll lil11Kl 1•fT1•1•\M. 111 r.wt. t 111'1 • 
hnv1• lw1•11 111ily i1,..idcnt• uf si1wl•· wi11d11w~ lu•inµ 1!1;,1111 1.,.,i 
si1w" 111r.:1. Tw11 "l'"lllTl'd in l\1.-.r, 11111111 thinl in IUr.7 
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:~~-';~v;",;;;· ~ •. THERMAL RADIATIOr-4'.""FLASH AND HEATING EFFECTS' 
~~ .. 4~:.-:,., ~i· 1 :~, . ' 

'.i. ~ ,' ~; ... • ~peuncl lnformolion 
..... \I,~·~ -:r-

;ti;,{. >d• :~Levt>IM of thrrm11I rn•li11tion Lhut can 11ruUUl'<' ~~; 11 i>ur1111 ar· 
"'" '•--~tfmltt>•I !n th" inmu•<linll' tl'~linr." citP 11rP!IC ~'ff,., I•• on tl1 · 

"':7'~>:::~.'l'].'el• howl'ver, nrny ext1mJ for much l(reater tli~t;11;1·t·~. 
'•·• .. ,··~~ :· · (J'hHt• t•fl'ccLH 11111y h•, ulther pl!rmanent dam11J.(1· •.•1 purt •· , . ,.,~·~.;~?!: ey1• or n lt•mporury On1h "blindn1111." Tlw lattl'r iP onl · 

{1 ,.:;~.~-'.~~f ~ ~ltcomfurLinit ~·fl'wl hut c1in bl'. potenti11lly h11z111·dou:1 in lh· 
; t.··-~-:· ·"'·: e~o of 11ulumoh11t• 1lnv11n and 111rt'raft pilots. Thi' 1s one,, 

':"'•·~~:--~·;£)" r1111~ull» why 1•e1·t11in 11reae or highway• h .. v .. Ut'•'ll .. iuKed ,,, 
::n~· ·:~-.:: tpvclll"tl 1wrimlH uf Umtt arouml the Nev11Ja 1\••l ~:i;,. 1111J 111' 
,'11>'l':~';).';;,ji',Wl'Y the MJllnt' pre,·nutlun1 h1we bevn taken for ti"• air l•ll'' · 
·!~iA< ·~ around thl' Nev.udn anll P!'eif\r t .. tlnic •Ito•. '. 
,, .: -. "'lJ>erhnpH Murpr1ah11cly. the amount uf he11t (l'nlono•"\ ,.. • .,eiv ... 
,;. '~ · .'·i;{ Jlfr-unit nrun on the rear portion of the eyelmll \n·1 inn) dot· 

,. :' f!Qt Ul'!'l't'llHI' with inrrt•111lnic di1t1111ee rrum th1• pui11t of li11r1t·­
····,:;-tn1cept for Lht! nbaorption (11ttonuationl et'recl i11 tlil' utmo~· 

·. '" < p~ere. Whik thr expecteQ·decreaae in l'neri:y p1·r 1111il arr a 
t d~a 111·1·11r •1ut1idl' the Uf.• nhe invene 81Jllllrt' l11w 1, 1 lio inHll'" 

.,. !prmed on U1u rutinn 1•orrC1111onJinKIY dvcrtmw~ i11 :u w in tli· 
;. . ,,; f'' 111~m11 pro1mrtlo11. 'rhe re1ult i• that thu thormnl d11.,,,, i11 CJI. 
'-'·"-·'•·, ,,., QrlH 1wr unit arl!a, rcmaln1 conatant but it 1·ov1·1·, " Hn1:i\h 
>y'{:, --·~ areaun the reti1111. 'l'hi1 i:edurtion In lmRl(I! ~j1.t• 1J11 lht· rntifl: 

,/;;;."\ ,'.:·' .'"Jth incr1'11ain1t distance from tht1 bunt co11ti11111·' u11til'. · 
• • w :·1'achu 11ppro,im11tely O.OOOlH ineh (7 n1icron-> 111 din11111t,... 

which is icrnerully t11kon a. about the llmit for tlit· ;11axlmy1· 
" fcx:uaintc effect uf the human uyu. or eour1e n dliill 11>11 of T,I\ 

·,.V: pupil 11f the eye, llllfh 11111t niichLtlme, wlll J>t'rnut ,, .. ,,.,. liJChi' t· 
' enier 11nd, nlthouarh lh11 retinal ima¥11 liJtl tflll'I' 111•1 .·lrnnare. ' 
can be relativt>\y mor11 ha1nr•lo111. Alau, it i• 11•rn1111•1I th1• 
'">' ll1tht g11therlng devices 111ch 11 lilnor11l11r' 111,.. wo\1! 
iricroaac the hnzurd. 
~Any damal(I' to U111 retina 11r11ballly would nu~ 111· iii 11•rt11d 1. 

•JI eye ex11minntiu11 if it were ll'H than bO 111irro1" 111 di1111u:t1 .. 
Actu11I fu11ctio11ul i111p11irment of vu1iun 11ro!Juhly ,,,,,,i,i not I 
rioted If thr lesi11111 were mild and 1111 ih11n lill mil'• 0111• in diK11• 
•$-tr on the fov1•11- the mo1t 11111eitlvt porti1111of1111' 1 ~tinu. · 

Thero mpy hi' lll18 injury to thv retlno or the '" •. Ir' II 1tiv1n 
tokl 11mount of th11rmal enerl('y i1 receivvd ut " •l11wH rat · 
i.1 .. there iH murt' opportumty for th11 ullJu1· .. 111 ····llH i11 ti· 
retinP t111•11n•hwt 11w11y 1om11 of tt..i h.,t. llnrh "11·1d •luto:. .. 
tio111 i11 lh1• l'JW1•r 11l11101pher1• rMhlhit 111low1•r rn1 .. .,f d~liv111 
than low yi1·ltl~ (Bil)'. 11 milll1111 ton" Vl'rRui ~" 111'""-11111luf1•1 

At vury hivh 11l111 ·111r.~. 111~· 11h11vt.o !1iO 11111•· ·1olv 11h11, 

''••<"""'' nf th<• lulal )'!Pill from n llll'Ktno11 d•·I• ,.,11"" :i1•1ie11• 
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11ro11111tly 1111 t•rwri:y i11 the viKiblc hi,rht rel(ion"Jx.~11uat• uf the 
thin 11tmo11ph11re . ., l'rincipully for t.1i1 r11a1on,·1uch hirh alti· ·, 
tuJo dl.'tonution1 du not prl.'ecnt a 1eriou1 hazard for eye·dam- , 
ag11. r>etc;nation1Ol'rurrini:111 lc111er altitudes encounter morl! J 

,_ atmu111here, where there arc i:r1111lt>r 011purtunitic~ for i.1tcr· 
· · action o' the bomb debri• wit.h the air, reaultina' in a grelitl.'r ·: 

fraction of th11 total enerlf)' appearing u prompt vi1ibk lhcht.' 
Deto1111tion1 below about 110 mile~ ean produce 1uffiril!nt 

1111erlf)' in the vi1ibll.' li;~ht rcicion to be a potential eye hazurd ·: .. , ... 
r If they O<'r11r 11hovP the horizon and are viewecl'directly. Ex·~·'·· 

perienrP at Hiro1hima and Naic111nki 1ugp-~ ·that. perma· .~~ 
. · mmt t!Yt ir\lury wuuld be expeet11d only if on' were lookinir . · 

,·~·' directly at the l\reball. Thi" ap11llH only to\the instant or. 
burst. If' thv detonation occura below the hori1on, the lnatant · 
or hlll'h thermal tmerlf)' relvue ii put before the fireball 
rlH• Into view. Umler th111• conditions human reftexea of 

·· . bllnklnar or turnlnir away 1huuld f'urth•r J~re •afety. 
. . ";..,__,*' . - ~·.- ' 

The ht• J;1t . -
, • ,,. ',N•l ' 

There have been no reeorded permanenl •re lnjurlet to li1Jr1111.-11peelnl h1ich'!l•n'.ur; ~ j&rt worn hf ol••<r•t"I o,.:.,~ a. ~ 
persona olr·1ite, althouirh a few Individual• n''" the Nevada ., ~. · Ntv•ll• T•ll Slit.'~1"~Jian ·~& rirh1 or m1tfr wlllr!fi11 rrou~ 

t Tett Site have complained or temporary 4')'0 Impairment. '"'1 .. · _, but who hH tumt<I •w,Y fr11111 Ill• ~""'''"" nr bur•t, Thia p1 
f The bunt f'rom a ).4 million tons detonatlon'that took place~~~.' ;'Y l t~ c•d~c'~ .'" ·~11al!! .. ,,:tQl!iillPS u ..... " l]J rtn .. ~nic ourr, 

over Johnston llland in the l'aclf\c on July 9,.1962 at an altr· -~~~ . ::~ Jar~ t 
1 '"•low\ ::"· 

tude of about 260 mil et w11 viewed direetl)' under nishttime 't.t .- , ·· · ~ · .~ • · · '. ; ''h 
condltion1 by thou1and1 in the Hawaiian ~llandl'wtthout ~:'.. .,.,~""'other nrnn'• vlaual acuity 'tollowed a almilur pattern tl.1.rtir 
any T"ported eye il\)ury. :;:: ;:.~:. ·~:at l!0/400 in both oyea'ln the·area of rl'tinnl dn111aice 1rnd l!O/ 

Six military personnel participatinr In nuclear weapon•·"~._;';,·""'~·":: ~,jf-"ln the adjacent areu;·~nui.. reeovered tu 'l0/50 altd 2011111• 
te1t1 have received eye 11\lury-only one ot which re1ulted In '';.. ":'"' ·, ;}'f, a month, and at one year later to 20/40 vn une eye ond 2(11 
a severe visual handicap."·" The latter lndlvldual "1neak•d" ._.,,_, ;J·, ·"~J: in thl' other In the artu of primary rlltinnl dun1111{11.111 
a view over hi• left shoulder nt the time of the detonation re· .~. •.:·,.: . >"·1'·' Expt!rimental rabbit• wert',.1po111d und1·r 11iichttime coni 
1u1Un1 In a reduction of' 20/20 vl1ion to 20/109 in hi• left eye. . ~T ~~t~ ~l; tionK tu the hhrh altitulle 1po~ on l\uicu-t I, I \•iii!·- n detunnti· 
Jt did not improve with tim<" HI• riarht vye app•renUy wa1 ~· -:".·:: · ·./In_ the mel(aton ranp at an alUtudtt of rib()lll ·Ill mlle1, t.Hi~ 
1hlelded by hi• no1e anr! retained it• 20/20 visual acuity." "~._·"-I .1\:;· wrth dh1meten ur about l\00 micron~ w" 1'" 11\J•ervud out· 
(V aluea euch ae Z0/100 represent the ability ,,, the eye to read ·"f -.~. ;, '. ,.: 345 mil11• -the farthe1t dl1tan.e11 at whil'l1 rn I .i • 11 ~ w"n> t.'XJlOBI 

1tandard letton and charactt:r1 at 20 feet that a normal eye " " I lval114111on . 
could read at 100 feet. 20/400 i1 generally interpreted 11 '~· Nuclrar detonation• In the • .itld rllJll(t• lc't"d otr11 r rm ~t-rlo 
leiral blindne11.) · ,J. '' 
t~;i~il!~~i~~::~::~:~~ ~~~;han11'otorne!e'1'vaenddep:e~inJclupar~ln1tlmin ,.,. ., •4 I :~.· :D:1~:;c1~5l~o ~~I:,~~~ ::i:! ~~i :O~~,~~ ~~ri·,,1,'.';,1,1~~::~~~",;;,~ 

" ~ , • ,, • ·· · · 't etonat ona n the lower atmo1pher11 •lwuld not be vi1tw 
mediately after the ex110111r1., the visual acuity of' both eyes or 1 direi·tly without the aid of' IJ>fCial hill'h 11 1.11 .: 1y ico"1ith•• (f\ 
one man dro11ped to 20/400 for the area of primary retinal Y--. 
injury and 20/100 for adjacent arva1 of the retina. Thid man'a Ul't- H), P1111t precautionary pr11ce1lurn~ ri1 'l111•inic hl1Chws 

vi~ual acuity ret•omt>d lo 20/.'JO in one eye and 2U/40 in lh11 :3::.~irt~a:~: ~:;:1~hi~ ~=!~t'~;~~~~r\:~·;,: 1i 1 :':·:· ~;:!~~:~~ h~ 
ot er nbout uni• month later, 11n1I to \!0;:11> in both cyea about a prot'l'thrree 1\1 50 were useful in pri•v .. ntiri;·: ,, .lrivttr or Pi 
yvar 11ftcrw11rrlR in th1• orru ,,f prim11ry retinal 111111111111>. Th11 twinll "~urtlf'd while In motion. 
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~,,:; '" c: WEATHER 
'f'·· 
' 

' .• },,·H "y • .-.. 
''! :;;;·~ lnhnMtlell;, ~. 

· · >i}·~. · Interest in the po11lblt> e>f'l'eet1 of nuclear detonation& on tht• 
, t},. ·weather fall Into two claaM•i on~, direct elfectl becau1e of t'.•l' 

·:.·~;,.: eneref releued, and two, trinermir ef'l'ecta. The latter elT ~'ts 
..... 'i,>n1l1M be (a) a catal~lc eft'eet from the ranicl~• th~own .'nto 
~·. >:the atmo1phere (IO""'thlng akin to cloud 1eedm1 with ~1l~er 

·~;;,Iodide cry1tal1), (b) a change In the .eleetru:al conduetiv1t> of 
' '·~·'the air 1lnce radioactive debria C'ontam• charired pa'7icll's, und 

· (c) a reduction of 1olar .mera received on ear1h uw11111 t•• the 

;) 

·~ 

quanUty of duat thrc;>,n Into the atmo1phere. , . 

The.,.,. .•; 
· The conch•1lon1 ot' many 1tudie1 and exv"riment1 of these 

po11lble effecw are be1t preHntetl In reference:" · 
1. ''. , •• The .nera of even a thermonuclear ex· 

ploaion 11 1mall when compared to moat larire·•cale 
weather proee1ff1, Mureover, it 11 known that. murh 
or thi• entrlf)' I• expended in way• that cannot directly 
aft'ect the atmo1ph1re. Even the fraction of tt11 ener

1
gy 

which 11 dlrectlr._ added to the atmoaphere 11 ad1 ml 
In a rather lnelllcient manner from .the' atandpoint 
of a1Tectln1 the weather. Meteorololfl•t• and utln,r• 
acquainted with the problem are readily willinic to 
di1ml11 the poulblllty that the enertr)' rtleued by 
the cxplu1ion1 .ean have anr, lmponant direct effect 
on the weather 11roet11e1 •.. ' 

2. ·• ... The debrl• whic:h haa been thrown up into 
the atmo1phere by paat detonation• wa1 found to tw 
lnef'l'ectlve a1 a eloud·•Hdlnic ag,tnt ... " 

8. " .. , The amount of lonliatlo~ produced by the 
radioitctlve material l1 ln1hrniftcant m af'l'ectinr pnernl 
atmo1pheric condition• , •. " 

4, "· . , Du1t thrown Into the air by pHt volcano 
eruption• decrea11ed the lllrect 1olar radiation rerelw'I 
at thl' ground by aa 1nuch a1 10-20 percent. The 
contnmination of the atmosphere br. put nuclea,r tt'8t~ 
hu1 not produced any mcuMuruu" J11~re1&k 111 th1: 
amount of direct 1unli1tht received at the 11urth's 
1urfoce. Thrre la a po11ibilitY that a aerlu of I'~· 
1>loaion1 dl!ligned for the maximum eftlricnrY. 111 
throwing debri1 Into the u1111er 11tmo1j1here m1icllt 
1igniftcant1r atrect the nuilatlon rore ved ni t h1• 
ground .. .' 

The volume or material ejected by Krakatoa volcanir rrnpt io11 
in JflH3 was approximatl'ly 11 rnbk 111ili!1 \<ith an r1:t!111Ut1·tl 
one·thir1I of thl' volume beln11 Hpreatl wurhlwitlc-" Tl11R rt• 

~ulted inn diminution of the amount of -•111li1tht rcr"'""" .. 111111• 
ground." 
u; 

~c·,···! 
~.l' 

r: . .,, ~:~i{f:' I•:\~ 
t! 'j 

I 
" •; I 

'~·"' . . I 
I.Ai a cru1lc n1mpari1011, the I0.4 million tons ·nn equivalent! 

nl\_cleardctonationon Ortober 81 1 11162 on the hla11J of Eluplab. 
dn'tJie Pacific left a crater or about one mile i11 Jiameter andj 
· 1'70 feet de1•p nt it~ apex. Auun1ini: N>fir< rrntlvelj' that, 
'th• crater wa1 a riirht amgl" cone and that 1111 of the debrl1; 
,-w .. tthrown into the atmo1phefl'; I.e., none .. r the depre11ion! 

·.:..., .. cauaed by co'"pre11lon, inie11tlmated that aboui'1a.ooo' 
• :million i.on1 TNT equivalent of •urrat"e detonation• ~Id ~J 
;required to eject ~•'"'ount o! du,~into the at111u~11her~YJWVa•! 
. l•nt of Krakatoa. .\ •. · ; 
·-!'Following large nuclHr detonation• In the l'nl'if\c mifl!>r aniti 
tem)iOrary weather chanir•• ha.ve tHi11n 01'1un 1•d, auch ¥ local; 

.cloud formation aometlme1 with local 11rec•ipit11tion,\whertt' 
'.:ttie. mol1ture condltlona In th• atmoaphere 11r" 111o•t favorable! 

·· , ffilf t.!lil effect. . ·; , :\:~. ,-!·. 
·~ .,,......,. ; 

: y~·The mo1t inclualvt evaluative,1tatement1 n1nd1? are 1,C!fnd I~ 
· l,!{e"mcv1 81 and·a. · '..\'\' I 
' ~~t '" .. No 1ta~1tlcally 1iarniftcant chun~l'K in~t.hti ''11 

:'', l weather durins the firtt \en,1ean ur tl11· ti tomle'.)Je 'j. 
.;~;!.;:hive b1teQ found, )let earetu\ ph)'1ic:al a11.tl.v1i1 or;~h• · 
:1,;,·"'.f,elect1 of nuelear .aplo1ioni on the atmo~phere W.u1t '.i, r, '.t be made if we are to obtain a definite evaluut1un of.itll• :1 
" '•;. problem. Althou1th it la - po11ibie to prove ll'\ot 1 
,.f .: nuclear exrlo11lon1 have or havr not i111luoneetl,thl' ' 
,7,. wei.thvr, i 11 b11ii11vod that auch 1111 ,·J11•ct 11 \Ill• J 

: ,.. -rJ likely .. .'' OVC>G). . : , ,.,1, "· .. althourh there haa been much 8pecula\lon 
.. ; : about the lnftuence of atomic t.e1tln11: on wL·nl,her, thore 
· · · 1till 11ppear1 \o ho nu 11ddlti11nnl evltl1• 11r" ll.ll!l'llt• 

, . lnll' 11 c11u1e and eft'ect rclnliunahlµ ... " 11 ~1o:111. . .,: 

D. GROUND MOTIONS-IARTHQIJM<E5 .......,,. ,.,...""' 
'A wide variety otracton determine uoth t111· i:roumhno~lon~ 

and 1trurtural rHpon1e1 from nuclear detor111111111u, i.e., energy 
yield• or the de\onatlom1, 11ietanc:4.' from gr•J11 '"' r.eru, ~pt.ti at 
the 1hot onJ uepth of m111m1r1ment, nnd ~ 1.. 11ut111' of th~ 
ground (hart! rook, ate.). "Competent" r•><'I· otich 111 rranlt'I 
e11uple11 arid tran1mit1 more r.nerr:t into 1oi~r .. :1 1m>uJld wave~ 
than tluew alluvium-a noncohflliVf' wcdi:.1• nlary ·depnslt1 
Althouirh 11ro11nd wavea will lie mor11 rnpirll · ,,111orbtd in a\i 
luvlum, it i1 po11ible for w11vH tu travel rn•11· ·ltotr.11~11101111 
the 1urf1l<'l' with relatively lnrge amplit 11tleft \;, ,,, ••mt ofm1>Uon) 
if tlw nlluvium iw very thit•k. Howt>vl!f, ti11· · • ;.urfi.c:e wavei 
dlt> nut rn11irlly with tlw d1>J1lli int11 th<> f''''""" lli.cau1t of th~ 
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above factors, it 11· 11cc11111ury lo 11nnlyzc ••ncl1't11itu·~po11 in~ 

.:;prediclini: poa11ibh(J.r1Vund·moti11n1 uml atrut·tural · ~•f::n•t·~., 
One way to cxprcs~ thr".-lfl'~t· of 1•r11111ul motion i1'ln unit11 ' 

of "IC·" 'fhia refera·to the'.:aceeleration that u (ree)y"fallinic 
. 

1
body ellperlencea on. oart~;~1.e., 32 feet 1ier ~eeond ch'Pgc In 

"')~•loclty tor l!ach ·1eeo11d'.~hat the at·1·clernt1on occUrt• 1A• a . 
;~"nale ·or thumb"-the threihold of gl'ound motion 'thaf mayi :. · 
· '·i be 1ierceptible to humana·:11 unl'·thuuK1111dth (Iii..,.) ot a ''IC·" · 
'-~Groun~ m0Uu111 CJ.~ be !l,C£entuated 11t higher ~l~~~J?~h. 111 · 

-,Jail bu1ldln1C&· · ::: . . '. .. 
• "'A• another "rule'of thumb," une·h·11lh uf u "IC" 111 freqi-·•ntly 

\-¥:~opted ... the crlterlon~for threahuld or pro1iert)' dam&ICC· 
; •{ H~wever, thi11 ia ba,ed on damal(e from earth11uake• and pre•·, 
• ;; ent data ahpw th.iit 1el~m~-wave~ gt.'n•·rated ~)I nuclear deto~a· · 
, :tlon1 and 1?hem1e"l h1gh·explo11ve1 1"e1ult 111 lea• damag1111c , 

.. ~•tfeeta than would \/ii pre41c~d fur tlw 8arne puak'accelpration 
)'.¥from an earthquake. Part ot thl• dllTerence mar ll!J;ln the 

·.~ taet that icround motlona from earthqu11ke1 penl1t tor:'~ tonier 
-~ptriod ut time fur eaeh •h,Pck· Alao, there are repea~~'1hock1_ 
· t 111 mo1t ca1e1. 'fhlf•• 1tn\c.ture1 are tiubJeclMd to more damag· 
};:Mnr eft'eet1 ;becauff of U~e number of 1hock1 and rrea~t,dur•· . 

. tinn of eaeh ahock than 'would be th1• caao for the"111me peak · 
;: acceleration experienced aa a rel!ult of icround motlon.,from an 
·; underirround nuclear explll1ion. ·~·; · 
' ·'since nuclear detor.at111n1 producl' ICl'OUnd motlonl,.'lt h11 
: been apecul11ted that they.may "trii."JCer" a natural earthquake. 
. U la not po11ible to have a naturnl earthquake, \however, 
·~ without prior atoraie of 1train energy-a proce11 tha~ occura 
· ovf!r a period of veara. 'It would be nece11ary to conduct an 

explo1iun aeveral mlle1 ·deep in an earthquake 1uteeptlbl11 
area to ~·near a ion• where the atreKI mlicht bll m~ tinouiih . 
for an incipient quake to be trigpred,.. ·~;\-. 

,_ The re1pon1e of ttructure1 tn rnrthquakes hu btten the 
1ubject of 1tutly for man)' yean a1HI 1uti•factol')' procedure• 
have been dcvclopeJ fur dcsiicn of Rt l'ucturt!M to with11tand the 

.· eft'ect1 of earthquakes. However, in theae caa .. the Interest 
11 In 1iicnlficient 1tructural damal(e, rnther than plaiter crack· 
inic or other minor cll'ect1. ln the cnKe of underirround nuclear 
explo1ionll the 1ite i1 'elected with Ri.frty in mind 10that1truc· 

· ture11 out11ide th11 test area will not onlinurily be 1ubjl!ctcd to 
IP'OUnd motiu111 uf more thnn ffrnall amplitude. The p111· 
1lbllity that lhcht dnmagc 11111y rPs11lt. therefore mu•t bt• 
con11idercd. ' 
The l>llta 

The m1u1irn11m r1mice at whi1·h 81·i~111ir w111·"s from tlw Ji;rll'· 
eat nu<'lear 1lf'tona1ion~ tu dnlt• 111 I hi' N•·rn•ln Tt'MI Kitt• llrt' 
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;- · '\GENERA~·:EVALUATIONS 
• ; ": '._ • i.·. .{ ~"~ 

The decieion to <'Ull1luct nuclear Wet\pona lut ~for the defe11 
of our country WUM mad11 at tho hillhHt l<m•I uf our (;ove1 
ment. !l'he Atomir Enel'lC)' Comminilm WllH 1·h11rgc1I with t 
ree11on11lbiltty for 1·nrrying out the progr111n. The A f':C soug 
and followed Uw be11t advice both from wilhin und 011t1lde t 
a ....... ·nuum~ln the conduct or new •nd polc11tially hazardo 
upn11Uu11•· ·Th" 1·"cur1l.'!'I 11ui1111111•l:ci:u 11liu"'" must. ~p .. 11il J 
it1elf a•tu potenti11I ri1k11 incurred to the puhlh- in the ful• 
ment ot a miSBion osHntial to national Bl•rurity, 

Of ''I the flaulth a11100tt or nuclear w1•111>v11» tl!Minic, that 
rudiatlon' e~poaurc ha• received the icrcnll'ttl attention. ' 
as t.he :(lata,and their ev11luatlon i(iVl!n uliov" inflicate, tht 
ha• beeq a .teiativoly low deirree of ri1k 11~Kol'i11te1i with Pl 
atmo1pherici't11t1 (except for ihe fllllout •111 t hu Mar1h111lt 
und the Japane~e flffhermen>. then whv ha• th·.·n· hl'l!ll s1• m~ 
concer1111xpre11td! There are probably a<?vn1·11l re111on•. , 

Firatlr, whe1·ea1 the.potenUal radlatlo11 "r11vK11rt'R are 01 
a very 1ml&)I lrMcLion o( thoae niceived l'n•111 1111tural b"' 
ground'auurc11, they are, ot cour11e, ad1/ifi,,;"t/ nmnunt$. 

Secondly, 'In thl' 11b1ence of 11ositiv1J "'"'·'r ••ll111rwi•11 t 
prudtn$ auumption ilt acceptefl th•t for 1:v•:r)· R1nffll i11urem4 
of radlatlon''expoaurc there i1 n curreapo11d1ni.: i11rrrmont 
blolorloal tft'ect l"lineur" concept)- rather t h;i 11 thr "threall<1I 
concept where a certuin total rndlation d""" "lllM ho rec:el' 
before ,lrreparabltt da'llap oecur11. B11K1,,1 "'1 t l•I~ nutl o;.l 
a11umptiona, admi11lblt theoretical calcululi1111• ~1111 be n111 
a• to the potentiul number or l(eneUr 11n1t111i111111. of e111 
of lvukttmia, etc'. that could rt1ult from l1d1t .. 1t. 'l'hl~ lin• 
conc:eJrt lead1 axiomatically tci the 1itu11ti1111 .,f lhr.n· beini:· 
1harp divldinJ line below whi4'h th11re iR ''""'"li.tt- ~11fotv a 
above fthlch therl' hi 11 1r>rlo11t hanrd. lt111ii11tion pr<m:rtl 
lfUidH• therefore, rnu1t. bf! 1lerlve1I on K1J1.11· Hdrllti1111~I ba1 
H nuted neit. 

Thirdly, there hat lx!en su1 '' mi11int11qH't'l 11t 111n of llw rad 
t-luri protection 1rnldn. Thi' 1111«' of thr li111· ,,. H•11cupt lea' 
litUe choice for lil'rivinll' radi11tin1111rot1>cti•J11 '"'"'"~. l.u. ·-the 
mu1t be 11 b11la11ci111( of th" "ben11flt1" 111i1i•1;111ll•J from I\ 
11tomic ener61'Y program, whether It be f<i•· ""11nn1 rc.11~e-t.11 



t'j' " · ·~ · ~ .~ -~Ut' · -r.m::.';'.lj · 
;~~!' ·1' ···-~~.7~::M•.:.- .' ·/· }~·~t\.,~~·::'.~;"',!~.:· ... ~ ·/~~::.', -~·~m~~-~f'.·:, ~-~;,, ,;,' 

I ,).J_:~.~~.i _,.'to- •~>!:_.l,;J.~ -l.,,. •t:J.il:;'~ 
.. ··i.' .•. ' ••. ,.. ' ;,,. "!!i1'" ..... ... 1 ·~~· 

·~1~rai1ona or ·~~~ionnt defcn~.<icain~t t~~~'ri1kft" (radiutio~~: :~; l !l~: 
expm1ure). Obvlou1ly, thiM ia ·~ exceedi~gly complttx 1u11J, i~:'":: l' ~/(tf; 

: part, 1ubjective proce11. ' : • v·. ;'\'.'~ . ;f~ AJ.;-~.;.. : A"fNDIX 
. In 1phe of theae uifficulti1111 thia b:il:incln;: u! lw1wfil~ from~: ~ 'i,\J"." 

. normal peacetime uprratiuna again•t rl1'1.1 ha11 been pe~forrn~d. • ." ·1 ,,;.: SAFETY PROCEDURES AT T•IE NUCLEA• 
. by the Federal''Radiation Council (lo'RC}. r11ulti111( m U1e1r,;?-.. " ¥if:· 

recommending' radiation protection guides for thiM pu rpuKe. "· ~./~ . ; ·~fr TESTING SITES 
,, ,.Jn a leiter of Aup1t 17, 11162to ihe Joi··• CQmmittet· on Momic·~~;ff l ~!' · 

· Enerlr)', Conrre11 or thtt Unl~d Sta~•/\he FRC cluril\11.\,Y "< ·f ~· ·NEVADA TEST Sill: 
.. 'urther thvir Pll~li•hed Guidoa; .. . '.;.. , :'.;A'.'' :. J ·:i~ 
1 ''. • thei" GuidH were orlll'lnally~d1>velo1wd for ?~'·"-1' :.t. ·~ Genentl 

appliclltion' as guidelines for the protection of rn1lh1· . ::!J' '. •'. · •1 ' "'1·• . . The Mnl'~·ty proicr11m11 ."nd prnt'l'•lur1•; d«~t·ribt>d belo1 
tlo1_1 wor~en and theleneral public agaln•t. expu111rn · .>~l( ·~1.i. ~i .~. 111 Ullt! dur1111C Rt11101phttr1c t01t11 nt thc J'<.,vnd11 Teat Hit<'.• 

• ' if~~c,!.1 i~~;n!:~~~ w~~~~e·r:.Fu.':~1~t~~t~no~~:rnu~ "~ '. ':. ~. t ,;,"J.· v the 11iicninic ol"the Li~1i~d Teat Hnn Tn·nty emnth1il~ 
radiation ;,, '.the term •nor~al peac.etime ~11e~ation11' sy;;,>:,,, .. • ·l>,~, Uioi,;e Jll'u~rr11m1 nmialli Ill eft't-ct, Lut 1H•llt!r11lly 11l u l'l 
referred 1pee11\cally to the' peaceful ·apphcnt1on1 '!f ·~<·1'!¥o · t "-f.F~ level, thuR P.rovidinll' for • continuouA nwnltorinic of ~ 
nuclear · ttchnology where· the frlmpy contro) 11 .. 1 ; t,-. · and tht> envirunmt>nt fur documentary purtK>le@, and: 
placed. on. the dHllCO and UM o the· 1ource. Since ,;_':'': :: ,,. ~"if,;;> ~ . an"c uf 11 nucleu1 uf well trained pcr~1J111 11 ·1 (Ilic. II) • 
numericakvaluea In the Guldea were dHigned fur the · •-:-; · .... ',!1. '.. 'fhe helllth and aa!ety f ti a< · 
regul11tion? of ~ continuinJI' lnd1.11try,~they wertt of . "'*":.1\ .. ', · ,: ;, 0 per~on11 wu~ 1c m...,or ro111 
nectHity fft·io l<iw that the upiwr limit of Rnnge 11 'to!". '"t ~}., . :·;· (.ion in the orilCinal aelediun or the N1•v11th1 Tt1t Site *I 
can be conaldered to f11ll weJl within ltV~I• of expo1ure .~i:v ·: ·~ , , , ; cuntlnuH to be of paramount im11ort1111n• during the q 

• ! acceptable ,for • ur~time." Furthermore, tu yr,ovide ·"':'...:~. : i. 'l -~~ .. ":, of nul'lt>nr te1t1. An exhau1tlvt> senrd1 Wiii mnde b' .,~,. 
the m1uclmum mRrlfln of aafety, the"uppur hm1t1 of ·i.'"\<r '.1'. • .. 'w:~' NPvadn 111tt> waa llf'll'lrwd a11 thP mn•I ~ 11 it 11 ble 0111, 
Range 11 were related to the loweat P.OHible level at ''f, •.; · ~ ·~'i:~' In II t I d 600 'I I 
which it wa1 believed that'nuclear lnClu,tri11l teehnol· .. ~c::..,,.: ' .. ;~, 8 Y con a ne •quare m, lld I 11L1·1· expanded \.<I' 
OIL')' covld be developed , , ." ,~., ;,~ .~~,~~·, .. , h'f. .; · l,211U 111uare mllea) adjacent to the U.S. Air Force G\ 

' , • "''' , ' t ~ Ra11ge or 4,000 1quare miln. For purpu~llll or jtOllCral 'j 
'lulde1 deveioped primarily for UM by lnd~1try in re1trictl~~:/3 ,.,.~ ;ve:· a• well n• •!curit)', the To1t Site wns and rontlnue11 to~ 

·itll relea1ea of radioactive ellluenta to th• i'tlleral environmeni;"; :· . .. f :-,r•; to the .pub he. Safety of penonnel waH 1111u ii further ' 
out1ide thelr controlh1d nrea• are, of COIU'IHl, very materially, ~ ; ~/j· · by aeru1l .and 1urface 1urvey1 mude priur to e11ch det.lj 
lower than thole that might co111titute a aeriou1 health hazanJ.; , . . to determine that no one had w11ntlcrcd i11tu ~he area. 

. A fou~h reuon why concern haa btf11 expreaaed about.'.,; ' · ·t" .. ;,if· Boyoml thvae controlled areM11 111·" wid1· 1·xp11n8e8 of •I 
health r11k1 from falluut may lit in the al'Cla of cau1al rttlatioQt .t: ,'~ • ·t ."!f. populated land, provldlnr e1ptimim l'ondit 11t111 for mhint4 
1hip1, i.e., the identlf:yinll' or a11oclatinr of nuclear te1t1 wli!l·F' '.-. 1 ·· -1 of •afety. Althouir;h the anm i1 quitu ~pnraely popult1f 
nuclenr war. There rr.ii)' have been e1tabll1hed In the mind1 of. 1 '.< Individual reaidetnt haa been l(lvrn full •·1111Nid11ration. ~ 
1ome t~11t nuclear weapon a t"tinll' and nuclear w11r llO hund·lri( · i · .... ~ tion monitor• have been pre11on\ duril\11 1 irnn llf t(l•tll 
hand, 1.e., the ftr1t axlom11tloally lead1 to the 11r1·ontl. ,\ dit; .<' 

1 · "~, there l111ve bnn cwcawion1 when re11hl1'1•l• i111ve btten rol 
cu11ion of ~auaal relatiu111hip1 ia be>'OI\~ tlw 111·optt uf \lli•t l • for a tiny or ao to ln1ure fully tlwil· sal1•\y. l'er.ons rel 
booklet, yet one point mu Kt be made. · « ¥ • ~' ••·· have r1•1'l'ived financial remunl'rntlo11 ftir 1uct1 111uv• 
. Ai a matter of techni<-111 fact, nuclear w1..,1 11on~ of proven There hn''" 111•0 been occa1lon1 wlw11 1•1~nun~ h11v1> boe~ 
perforn11111co would not hav11 been PoHlblt without thl' t1'11tlng to remnln lndoon for 11 f11w houn lo r1,d111·1• th11 riulh1ti()I 
of nuelc11r device" and tl1P vertylnir; of nuelPnr 1·11m·l'plK that Rlthou1tli thv out·uf·door ex1101111·1· "'"'"ti l111ve h1•t>n f~ 
WPre incoq1oratl'd into tlwir d11l1rn. Whatever 11rut1•1•t ion we huiardo.1~. 
enjoy from our nuclear nr~enal re1.ilt1 fro!n" st.>1 ~pih• of teii: H11fttn· 1•11ch and ~v1•r)' 1111d1•111 dl'l,,11.1tiun at thP l'I 
provt>n n11t'lrar wt•npon'. nut 1t ~tockpilu of tlrnwiiw board To•Mt 8i11-, 1111 1\1lvi~1•r)' 1'1111ul uf •''I"'':, ,q•11Cilutl <'11ref1 
1ketrhPM. of tlw ''" 1or1 thRI i11~111tHI i11frt,\ 01111,,. pnn1•I ..,.,·ra 



i 
' ., 
I 

I r 
:! 
' 

,J 
··,~ t 

I 
I 
I 
j 
I 
I 

.1 

I '·' 
~;:I 

A· I 

~~:: 

'· 

~:~ '~l?tf~~; 
-~~~; <' 

=r .. • ·e U tQ 
•tel~ :,t ailH 

tl••Vllf: ~- -l'ublir 11 .. 11h Stn·ire .,11·ironmtMal •ampli111 t1.i·· •·• •• .n•I 
lht N..-ada Ta11 Bi1t. 

fent11th·1•8 from the fielJ1 of public health, medicine, mt'lt"1•r· 
olo!Q', fnllout ph1•nomenohtl()'. blatt and thermal ~f"t>rt,.. •H· 
A~ 11 r1•J11lt of tlwse deliberlltions more than 20\ldrlh)' ir; r'\rrnl! 
lrn\'11111'1•11 1nnd1• nt a co~t of million• of dollart, to 11i; 11" , :.i~i "· 
Till' ..\11\·i•ur.1 l'nnel 1·011ti11111·• to funl'tion for \il><ieH:1 :1.·I 
h·•t•. 

Tlw pr111.-ip1d 1•111,1"1' for th•· •lt•ln)·~ wnf thtt r··, ::r,, 
fut '''"''''r Wt•1itl11•r ('HrHli1i•Hl 111 il1f'llfl' 11111111llH'I 

,. ~~t:T:' ·~;~ 
-.. "H ?ft:,~.' l {'~~~' , 
. -~' ·-,~> 
~):~:_' ,· ;~~; ... 

~- ··' p0pulat .. J area•. Meteorolo1d~tB predicted ·luwnwinll tra· 
11 · •' lectorit!1, prel'ipitution und other f111('tors whi<"h rnuld alfeet 

:A.~' · '18vel1 of illlioui. The duta from the w~athe1· ~t11lion1 we"' 
. ..\'\ c~rrently uva;laul" nl111ost u1• tu the ei.acl tii.i•: of the 1hot. 
·!f. · A'detonation could be canl'e'led at any time up tu 11 frw aeconda 
,,.. before shot time. A more complete de1r.ription <•I the metec;r· 

·-:4 , qjor1cal pro1Cfam i11 Kiven below. 
·::;,i ': ··~ .•To ir.~.;re safety to uir\·ran. both from the initml tlaeh of j 
'f;"'_, · · lirht. ""d any rudioactivity in the air ma1M 111ovin1t oft'·•ite''i 
.,,:,r ... '· from atmospheric teat1, 11 rei1reaentatlve of tlw l;'l'Jeral Avia· ! 

. ·..;'ii:.,,,, .:. t.ion Agency waa made an intreical part of the Tl·Fl Orraniza· 
tlon. He :1repar1>d flight advi1nry plan• bued "" the type of ': 

;·c;t , 'event and on the predicted nfeterolorical 1'ollll1tlon1. The·-~ 
pl1m· delineated ftiicht pattern• and area• and n·commende4 ·\ 
alterm•t" route., Ir required, by i:omzr.crcial ;;nd private air· ·' 
craft. Frequcmtly the FAA clo111d 1peclfte ai•· l1111u1 ~ nt- ; 
routed aircran for 11pt:cil\eJ periuda. 
~iBlaat elfech were minimized by predictin11 bli1Ht wave In- . 

wn1ltie1 baaed on the wind and temperature 1•nt1\l11 ~pecte~ ; 
a(•ahot time. Slnee lonll' dh1tance blaat 11rl'ss1u·u psyparlt'.c.l 
tlon 11 1tronlflY dc>pendent on wind profile stn11·lureooalcu.·\ 

• l1Uon1 were m11de for many direnion1 llml diHanct11 from ! 
· t~e teat wite where po11&ible wimluw d1m111tc 1•ii1·ht hav11 oc· ·; 

• ~..... ti' • eilrred. In ordHr to improve bla1t ea\culatioll \1·d1niqu'11, a -: 

.... '. 

ntlWOfk Uf Hpecia\I) ;::-;sltlve 'TliCrObarorr11phs Wiii operat~ :1 
: u aa m11ny a• 17 olf-1ite l0i:atlon1 \0 r11rortl ad11al 1bot·Pro- ' 

duced pre11urea in Nevada, California and Utuh. lt waa' 
rarely nec11111ary to fl'commend 11 delay in t\t i11~ time 101111:,.· ·1 
beeauae ur predicted blast t>l'leet1 1lncf' mct1•rulol{kal condl· 1 
Uon1 unfavorabl<• for fallout u1ually werr 111-:<1 "nfavnr•bht 
tor blaat. 

lull 01'1·1lte radiolol(irnl monitori111t \'OVtll'",''' waa 1md i" .: 
provided Ii)' Uw U.S. J'ublic Health Servh-•.• ::11,l"r B Mc:mo· • 
randum of Aicreement with thtt U.S. At1•111i1 1:11crlQ' Corn· i 
ml11ion. Tht1re were and 11rr exten1ive mo1dt .. ri11i: l'roifr11m1, · 
includlnll mobile monitorinl( team•, l\lm bntlµn, 1,ir '"'ni11l11r11 ; 

automatic icamm11 recordor1, collecUon• of 11•ilh, \•eptl\tlon .. ; 
IOI!, ek. A more rompletl' de11crlptlon or tl" ·.i progr~m11 i» 
rtven beluw. Ail of the key data obtained frr)l!l tli1•8e monitor· j 
Ing pr<ijfl'am1 were 11nd are reported In thr ·qwn llWn1turl" : 
1uch 11 the Atomic f.:nrrgy ~ommietion'ij !--, '"' 111n11P.l lnow · 
annuaH niportt '" Co11grc~1 1111d thl' V.S. l'ul•ln !lnlth lo!t·r~ 
lee'• monthly publication, /(lldiolooir11/ lfr11/1,1. / 1,1 111. An \'A 1 
ter111ive pulili1• i11fu111111tio11 pro11no11 by th•! r.·· 1· •• 1.iuc llt-altl• 
Servin• «•rntlni11·~ nround thti Nev11•ln T1·~1 .:,t,. •flic. ltJI. 
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. ·f',:· •.~ ::" ;c·: .. ~tM.ic·;..."'.,,-:-01~lW•'"'"°'o 
P'IOUU 1C! • .;Plabllc Health Jem- ...,,....ntr.Uff ~11nd11f\1111:a· mHtlns· 
·•· ··!In one of the 1"'91 'ho-• In 1.a• v...,. u a part of 111t.-ten1iwt 

ieducallenal p,.am around th• Nt.,..U Te11 S11e;'··"} 
I )~;. ·,,:;; > ;fj~', 

W..itlar r..dictlenl ' . , ": 
The Weather Bureau )lneareh StRLion wa1 11tar\ed In 1\160 

to atudy inten1ively the met.erololO' of the Nevada Teat Site. 
ln late 11167 the 1tation became respon1ible for providing m1<· 
terolol{ical support for nuclear we11pon1 te1t1. l'rlor to theae 
date• thie function wBI performed hy the Air Weather Service 
of the U.S. Air Force. The W1111ther Bul·eau 1tatlon at the Nu· 
vadu Teat Site received all of the atmoapheric 1oundin1r lnfor· 
mation taken every •ix houn by the 1tation1 1hown on the 
map (l\lf. Ill, and moat of the ho111·1y and 1lx-hourly weath11r 
information produced In the 11ntin· United State•, Canada, 
Mexico and eaatern Paell\c Orear.. In addition, there we1 e 
and are some 211 wind, 20 tempernture, and 111 precipitatio11 
meaaurinll' stationR located on the Teat Sitt>. Ten of the win1I 
and three of the temperature 1tat ion1 that reflect ma.,ior ter· 
rain elf~te ut 11n1I near the Nevacla Test Site provlJerl trl!'m· 
etered information for u1e juRl 111 1nr to 1111tl immediat~ly fol 
lowing e11rh nurlrur det.unntio11 
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~ U,-U.ll. WHlhtr 811'9a11 1t1tion1 florlliah lnfo1n1011,_.,, ,·VtfJ ti• 

_. ).°.. .. , houro for '""r11ll"- purpoan 

~--Mereury_ Wuthrr Station made a daih· etudi uf the 
weaUier eond1t1ont ovt'r the Neva•i• 1't1t ~it1· 11nd 1•1wi'9n11 
u1l~all avail11I :e lo1·RI Information and reev11luHti11;.: u1111lyat~ 
funuaheJ by mean& of f11~1imile from the N11tio11111 :.1..t .. ruloi-
1nl,Ctnwr INM<'l at ~ultlanit, Mil. Th• laHPr (' 11t\'f prlll'· 

:\'/ 

;-,,,-



~MRCd most northern hcmisph•'"" Jat11, much 11( it 1•l1·1·t ron. 
1cnlly, .and usPtl the fastest 1111<1 most modern tei•hniq ll•'·' in 
prfHlu1·111!' .ron:•·nst ch11rtH of th•· l"rgt• scnlo feulur"' of tlw 
11tmoephrrit• 1·m·uh1tion. 'l'hP ~1 .. rcury Mt11tion, hin·111~· Jrll•l'<' 

lrw11I 1r1fnrm11t ion and thr l11•r11·m nf n111nt>rou~ •t ""''' · .,f 
lurul flll'tl•rolottirnl .-on1litio11s, 1plj111t1•d t hi' N MC ill f11r11 1111 io 11 
to m11k1• f11r1•1·11•t ., h11vi11µ- tlw l1ii• 1,,.,, I"'" iitl1• nc~urun ''" \'I'~ 
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w· ,, ·'f~· l ?Q1r~I' <lar pri111 I'> •·ach 1111d1·ar 1l<•to11ati11n, :1 i"rmul dt>· l 
taili..{;~rl1•1i11g wa" l!i\'Pll to tlw ~ki ... 11tili<- llirwt111. lh<' Test· ·! 
Manager, 111111 hiK Advi~ury l'nnul 1·ovPrini.t all fon·~~•·alllt• WllYll ·j 

. . ·n"whlell w1•nthl'I' 111i1!11l inlhll'IWI' t Ill' ~lll'('l'MH nntl ,;n fl'ly ur thit ; .. ,j 
~ '.,,:~:+te1t·.~hU 1rnl'i1 bri1•1i11ic~ iul'ILulutl wiJHI :;p1•cd~ ;ind <lirl'cliun' 
y.:(;~pred~~ton11 tu 11t h·n~t th1• nrnicimum clou1l lwi1tltt 11l.t11i1111l,ie,; ·J 
') (.;;:J~' expee~d 1·hr111l(l'M i11 wind durinir Uw tiny, thor111al Ntallility, • '.~ 
. ~ ,,';i_'f'i: c)o~41:"11fl'l'ipiL11tio11, t nijl'cLoril'K or 111•roKolK, th11 <•fft•1•t of win<\ 
'l'.;.~'. 11nd-i~~'rm.1I ~u·u!'f 111·11 011 tlw. tliff11Kiu11 a1td d"i"'sitiun uf 
,''t;::;.i..;.~'ot81t~l,l~'n111tl'ru1l11. 111111 Lhu 11111x:n111m rudi11ti1111 d11.ia1i<>fl that 
L'.·:0~·: cou\~'1~111· .. ivnbly r1•Kult. 11~1 111111 otr thu 'l'1•Ht 8itl'. Ch11lll(ll8, 
., .. · •:;• .''.'bi( any, ·from th••K<' pr<'lllct1m1K w1•n• prt•K• ·11l1•1l nl :;,1h~l''lll4mt 
\. · brl@ft'Jt'. .. juKt 11rior to urminit t•rwl~ 1h•v1c<•. l 11 t'nl'l 01w uf the 

·~· maJprtf11ctor• in nrriving al irood prc1lil'tio11d wa,; tlw seriell 
r·:.· . . "''"wind r1111a" 11K11ulhf· at on••·hntr hour i11hH'vnh 1111 to Hro 
.;41¥~,t:.i!me(ftJ. I:.!). · . . . . . .. ·~.i•t"> M,01Cof_Llll' pruµ:r11111s re111111n 1111•l11•1•t 11~" turtlwr :i~~111•11nce 
.'·*r\~·fOf l~fety 111 I.he l!VClll Of I.ht' rt>lt'llKI' or 1111~' rudi1111,·t iv1ty frum 

~·'~~:.::<:~. un~TJl'oun1. teatP. 
J-;:~4 ;· .. 1f!!tk81 lurvelllanc• 
-~~'~.1':;;:f"IWyVnti p~oicramK were 111\ll 11~" l'on1h1rl<•tl t'11llli11~1ouKly 
, ·f:·;.:.;~,,.wlth!n·a r11d1u11 of 1111pruxlmately .ioll 111111·~ from l lit• N1!V11da 
;!" 1 :r·;. 1'111~ Site \Jy the U.S. l'ubllc Jlenlth S..rvir•• J >ff•F · .. ,,.,.,, • ..,,,.,,", .;'':.':'1; .. t4{~s(ri~ 1\llll! th1: ll.H. Publi•: lll'11lth H1:1'vil'c hu:; .. w11otl and 
-:,':·i •.• f'f :operyated two aircrnft. for cloud 111rnplinl(. l'rior to thi• 1lat11, 
,:' •• / 1~;:,Jhla function w1111 111·compli11hutl Ii)' tlw tu:;. Air For 1•e. Ji:11ch 
·J~~- ~~t·~'aircraf. t 1•11rri11t! 1·1111ipmunt to collt't'l 11irhorne 111·1 ivit)' buth 
:l' ,;·, · ·paJ1.lcul11t.u 11nd l(allt'OU•. Hoth plnrws rnrrictl "q11ip11wnt. fur 
, I" :r '"'..: con\Jnuou•IY monitorinic the icnmmn ri11ti11tio11 ,\1ltlit.lom1l 

. ~ ·~ .·:~ · \J,i, ~Ir ]''orcv pl1111e11 tiq11i11ped for «lmul •11111pllni: ":oil t rn<'kl111t 
, ":· t1 • Wtl"f available 1rnil were 1111 c111i. i\rrn111t1•1111•ntM 1\t·• ,. 111111111 for 

': . .,,.::9. the'urie of 11nollwr special 11in·roft fol' n1di11lul(irnl 111011itorin11 

; . 
'· · 111rveylnir 11t H-tl!·1 houra. 

The ~11p11hilit1·~ of nircrnfl m1111it111'ill~ ,·11nlint11 '·.•hi! moin· 

talried • 

............ 4 M"""''"' Mobllti 1trountl monitol'lnic t!'arnH were d1•ployod 1r1 tht> 1low11• 
wind tector prior to each t1'6l to "11ppleni11nt lh1· 1 ll11ti11e 1ur­
velllanc<' whlrh "'"~ 11 part of tlw (•ontin110111; "'"·veilhm«'e 
proirram. The 1l11w11wlnd lt>ctor wa• 1letcrmi11t!il liv i11form~­
tion obt11ine1I fru111 the \J .S. W<'nt lwr fll11 l'll\I 1,v1 ·,,,1111111 11~· 
11.cned to lhr NTH. 'fhll~~ n1011itPri1w t•·n111• '"'"'H''" ,,(two 
rnon. t!nrh 11•11111 wnM u1111irtl'"rl with lw1:11•:11.•"1a ~1rrvQy 
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F1m1ai lll.-Monilorlnir ·.(or ni.rnal rammR ra<lltllon nHr<~M'i)ffYlldll · ' 
..• . T••~ Slw l>Y;.!J.8. Pjlblle HHl~h Sml~V'.'"°""•!~_:;:~1~;; . 

ln1trument1 (fiit. 18), chaMber 1urvey Instrument•, !al104~·~T1!1• 
and.additional air aamplen and recor<lcrl. Each velJJc, . ..i., 
equipped wlti1 two-way voice radio rommunieatlon/."!fhe· 
number or team• uaed for each event wu determlnlld ··in· ad· 
vance by the predicted radiological 1it11atlon. however"ftve'to 
ten team• wa• the u1ual number deployed. llp to 20 'team1 
could be organized within a 1hort. timP, but w11re not l)OMJlally. 
maintained on a 1tandby ba1i1. ·;.:'·'· '~· ·' 

Mobile ground monitoring teams nn• •till maintained.on a 
1tandby ba1i1 and uaed when needed. \ .• '.,'~'. 

"''' .... ,,"'. 
'rhere were 11nd are 30 permanent air 111mplinr 1tatlon1 In 

operation fZ4 houn per day in the ar•·11 1urroundin1' •he·NTS 
at d'.1tance1 up to 180 mllea di1tance. : .. · 
Th~ air 11mplura uaed are high vol11me unit1, drawlnir •Ir 

throul'h an 8" x 10" iclaa1 fiber lliter (ftµ-. 14). When deemed dt· 
sirablr, n acl'ondnr;, 11d1vatc.i charro;il tlirtridico I• added fur 
the collurtion of jl'ateouR !Inion proihwt1. ~'Ion; rntH are liJl· 
proxlmntely r.o (•uhil' ft>f't jll'I' minlllf' 11-.f.01,) f11r the irla11 fiber 
filter 11lu11e 111111 l!f> t•.f.n1. with th1• 1·!tarrunl "nrtridge 11ddud. 
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·~J!DUllll !_4•'"'fflrh voh1m• •.Ir ••mpler. The lar~ 11rla11 111><-r flllt'r '• '"" ··~tf).;'.)/.· 
"~ · ·'1f .... tton ur part1•ulaleo. Behind tit" ftllwr 11 pt1 .. t1an11<11va\414)'.'.:'!,,,, 

t '·.'. '.,. ., '!:it•h•rec>al cartrl<l11~ IQ collect ica1t1 •urh u rodlvimllnc•. ·1·.· .?,." .. '.:(, ,,.,..,_ .···~;- .... .i; ·,·:;_1 
' ' "1'' < .:"" 

':~t'Glp11 ft~ t\ltert Mre counted for grou beta activity in tl1c p :,. · '};.::~~\ 
:;,l.i·~port.lonaheirJun. :·. ~·\i 
,,.,,,. All chqcoal cartrldge1, and any glan f\bl'r lllten w1t~;'7'~, 
;,.f~ sr-011 "ia activity •irnltlcantly above b.ack1round levelfi art;,{-1, ;7 
'? 11~ayed)vith a 400 ehannel iramma 1clnt1llntlon 1pe~tron11!~1'i'>.\~: · 
·. · u1mir a fteel 1hl11ld for 11 4• x 4• Nal (Tl) cry"tnl with 11 C11 1~· · · 
· peak re19lutlon of eight rer~ent for ld1mtiftcl\tio11 of ap~ci~:.1 

:· 

· samma-fwlttlnr l1otop111. : :1 : · . '""''"""" (.':' '. 
Film badge1 were di1tributed to hunilretl111t locull~11s nruun~t: .· 

the Te1t; Site 1rnd to a• numy H I ,HOO pt>r11uns 1lurn1g C•'l'tlli{! ... 
operatlon1. Pre1ently there Mre about 60 local ion• with sumj".·;.' 
~oo Pfl'IOP• wearinr f\lm barl1111. ~'ilm ll11dr111 were i111<1 arf · 
culloct.ecJ: and rroc1111l'<I monthly. In th11 ev1mt tlH1l rni.114)/:·. 
Rctlvlty waa found In thl' 11rt•a by Ow rnohllu monlturlnv lt·11tnf,l{ 
ftlm badtret weru colll'<'l11d from U1t>11• looatlon~ un;l fnmf 
'"'"rile llvlnw in thl' 11n 1: nuw ftlm tm1l1t1•N WH•· 11ihlril•11t1d:. 
i\1itliti11nal 1t11tionM 111111 p1•oplP w1•r1• i1ll'l111l•·ll If tlw ~itu11tlQn 
rc•q11i1'111l m•1n• 1•xl .. 11Mi1·1· 111011it11rin,.z. "~ .' 

I 
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·Milk aamplee were and are collected routinely one time r1er 
month within the 300 mile radiu1 of the N'l'.S,: from •ppro.11i· 
mately 26 1ourc.i1, Including all dalrlea 11nd'. 1ome additional 
ranche1 having one milk eow. In the event ~at radioactivity 
wu found in any area additional 1amplt•R w•.r eolleeted often 

::: :::;;.. ba1i1. ·': . ·~· 
Water 1ample1 were nnd are in ge111·r11I collected monthly 

from approximately 30 1ource1 (tijc. 1 • ). There were no known 
1utface auppliH for· human use in tlw olf·1ite area except for 
Lake Mead. 

1..-di 
In 1upport of the operational procedurr1 describeil above to 

aHUre 1&fety to the public, there Wf'rl' hllll ife Hten1iye ba&it' 
and applied re1earch studies conductr<1 in auch t\vlda 111 ml'· 
teroloirY, hydroloicy, nncl ground motion. Theae were and an• 
aecompli•lutd by (n) l'OOJll!ration wiU1 utlwr Government llKl'll· 
ViH Including thf! 11.R. Weather n11rn11, U.S. 1'11ltlic lll'nllh 
Service. IJ S. (;1·11lol!i•·11I Hurvey, li.H. ll1t1•·1111 of Mine·~ rrnd II~ 
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.J:~:~~,,~ :fW'·! ; 
. /"eoaaf aqlJ;~~Otic 8urvt•y, (b) l'Ontracta With ronsull111~ "'" 
'.!iraniaation1i1uch H Roland t'. BecrH, Inc., Alexandrin. \·a .. 
· H•aelton·Nticlear Srienrt• r.urporalion, Palo Allu, l 'nliL. and 

. ;\'\ttolmes~A'Nuver, Inc .. l.oR Angelea, Calif., and 11·) indi•.1d11al 
"'"eon1ultant:1: · 

;;.'<-The to!•I annual expemlitm·c for the optiratiunal u1 .. 1 ,, .. 

··~•arch 1t~die• dlrectvd low11ra 1afety at tht Nev11da Tes! ~:1te 
,:.._;eyrrently':(i over $8 million. . . 
,.}' Jn addl~n. there wen1 nnd are ntimerou1 prop;rama r111Ti1td 
"~.on· u ·~~','of the laborRtorie1' aeientillc effort tha~ h11v1· 11 
~bearini;'oq!1alety and contribute &Te•tly to thu b1mc Ul\ll,•r· 

.. '~1tandlnp.tp'On1 of the earlieat and moat valuable were those 
\'env!Joninf11~'1tudle1 conducted by the .0.partment of llio· 
'.~'\phy1ie1 ·~I.Nuclear Medicine, Univeraity of California Medi ml 
"«~8ehool, IM Anple•, ~111if. All!O, in May 11168 a new Ei<:lt•:,ry 
.~J>lvialorl'~l Uat·Lawrence Radiation Laboraiory at Livermore, 
·~.Calif., WQ 'formed wi~h one of its prime mwions to in n•:;~j. 
!<Sate problfma dealing direcUy and indinctlf with radio net il•e 

.' J~lou~ !JJ1fi•llr rr.Jioiodine. 
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""NDIX 

sAFm PROCEDURES AT THE NUC~ JE~~-~ SITES 

. PACIFIC TEST SITES 1S. 
-··"-· 

~!f 
}, .. _, 

r~.· 

United Statca utmo1pheric nucleur te1t1·wereiheld In the 
Pacific at Bikini 01146, 11164, 11156 untl 1115M), Eniwttok (19411, 
11161, lllllZ, 11164, 11166 a:id 11158), John1ton Jalancl!(l968 and 
lllfZ) and Chri1tma11 llland (11162). Thete ,..motef1lte1 were 
11el""'""ll 11(ltsr 11X~en1lve 1earch for 1>011lbl&1 -...... ~ere the 
te1t1 could be ronducted •nf11ly. · · ~ 

To conduct 11tmoapheric nuclPar wen11on1 te1t1 ln'lb• Paclfte, 
Joint T1111k Force1 have been orira nized eon1l1tinr of deaiic­
nated per1onnel from U.8. Military H11rvlce1 and AEO,' A Com· 
mander for each Joint Tu11k Jl'orcv wn1 cho1en from· one of the 
three Military Servle11 with a Dclputy from each of the other 
two. The technical program• have beoo ~nde~ .. '' civilian 
Selentifll' Deputy. · · 3: 

Jn e1H'h 1erie11 an excluaion 1mm wn1 declared around tht 
te1t !1lnnd1 for tho p1.1ri111Ke of wurnlnic air traft\c.'and 1hip1 
(ftg. lf•J. Notification of locution~ of theH are11 ·and timea 
that Uw re11trit•tion1 wore in efTel'I were mnde by luuanco of 
Notict•• to Airmen throuich the fo't••lt•rnl Aviation Arenl'y und 
Notice• to Mnrinera thrOUICh the C'ommunder·in Chief or tlur 
Central l'acifi1· l''leet. The n ... p11rtnll'nt or DofenH, State De· 
partnwnt 1md olhl'r 11gerwie" of th1• l'~xel'utive Branch of the 
(;overnml!nt wNe notifiecl "" th11t Mhii'Jlinic authoritie• 1rnJ nir 
tr111fit• 'ontrol nuthoritieH 1·11111!1 he ulc•rterl. 

Sinc1• 1 here• hnve l>een 8onic• d11tr11C•·s 111 tletai111 over the ye11r1 
of th1· <1r1Cnniwtio11~ co11 .. c•1·11pd wit 11 ~11r1•ty within tlw ,Joint 
TnHk l-or~es, 1 lw followinµ rh•H<Tipl ion 1111plie& to Joint 1'11tk 
fo'or1·1• M th11t «'t1lltlUl.'ted itw 1:11;~ 1':11·1111• h•llll. 

W1•1111t .. r p1c•1lit-ti<>11H w1•1l' l'1111d11f'\1•1l l>y the T111k t'orl'I' 
Wr11tl11·1 C\·11L1 al 1111111wn1"I of ~;111;· a111l Air Force mett't«•~'" 
ICIKtK. Jo 11~s1~t 11 1 analyi1111C1111· ll'<'ntl11·1 1lnl111111d to p11•1l11·I 
utht•r 1 •'•lllls ""'h 11~ t nlloul, lrlaHI 111111 tho1·m11l elf1•<'lH, n 
llar.nrd, r:vultwtion l'aiit \\'it< fPl'lll"" '" ntlvi~ .. th• J,1i1.i TnHk 
V.1ri·1· 1 "1111111111d••r urul ht·' S1"11•11tili• 111•1111.;" 

Hndi··l·wi1·ul .";1fc•ly 11<'ltvili1·~ 111 • .i11· w1•11• •·untlucll'd hr 11 
~pt•1•i;11 1111n 01 ,j"iru Tu14k i·orn• r. ;1r1ti 11\i" ..,ji,· ~Ht •'-

1 iUa1;, 1 · P~'" 
l'll\flll-1 \1\· fl11 1 1' ~ l'11}dj(' :IP:11lh ~'.t•t\i1·1• 

. \ ' , 

' t 
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Altol(l!ther about 110 personnel were utilized Ill actiyitiea < ::··, :D 
devoted to aafety. .f ;~;>3. . :1 ·'!J.i 
• ..,..., Svwilltonct ;~ + ~ -: . ' <-fl\ 

RKd1ologicaf!aatety (Rad-Safe) was 11 aepa••ate Ta1k Unit·.,, ;:~­
within the Joint T111k Furci.! ori;1111iiit11Liv11. RaJ·811fll ru•j1u1111i- ... ~ 
\lilitiee include4 proeurinic, 1toring, and isauinic Rud-Safe 1up-. :' i 
plill and equipment, ln1trument maintllnance, il'•u•nc:f and r;1~; 11 

- proee11lna" of ftlrn'badge1, m1tlntenance of personnel radiation+"~ . ·~:~. 
expo1ure record•, 1upervi1lon of monitoring, decontamination,':".'' ·: ··.! 
wa1te dl1po1al lctivitiea, procurement arnl di1tribution of high·: .• · . +· 
den1lty roii1l11;'and other actlvltle• a• Indicated by the poten. - .· \ 
tial hazard• of the tltuatlon. ·;:The RBd·Sllfe Branch contained .-. 

. an Oft'·Slte Sueyelllance Sect19n. Personnel from this '•el!tion· '.,J.~.·, • 
"'participated in!monltorln1t at·off'·1it11 11opulated i1land1 in the ,,, 

;!:'1::.::1::,~.r~t •rea andJ::'riodically c~ll~eted w!!'f,,•nd _;,}_ 

Alnn1ftMDnltor1...!": : .t..,<- _;: .. · : -~, · ·. ·-~~ 
.... ·:~·t 

Aircraft weni used to monitor the cloud of' airborne radio-. , 
activlty'durinr1early tlm11 after detonation and to trae~ the , , ~f. 
cloud periodically over a period of two or three day1. .: · 
lfWl-ntol hf-tY \:. · . · ~ 

Durlnir Operation Dominic (1962) there were S~ nuclear deto­
nation• above ihe Paclfte Ocean near Chrietmaa and John1ton 
lslandL: The explo1lve yleld1 of'these device1 ranired from low 
kiloton into the1meraton ranp In TNT equivalent. The height . 
nf bu rat for eae,~ 1'4tonatlon wu 1uft\clent to nerate local radio· : : .- :: 
active ·fallout.': The devlc11 wera drllvered to the point of 
detonation by either manned aircraft of by 1urtace·to-air ml•· 
1ile1. In addition to the atmo1pheric te1t1, there waa one 
underwater te•i of a low yield nuclnr device detonatecJ In the .. . , 
Ea1tern Paclftc Ocean 1everal hundred milu from the cl1>111t · '• · 
land area. E11enUally all the r11dio11clive ft11iun products 
produced by th11 te1t were depo1ited in iho ocean and wen 1oon 
dl1per11d and diluted to concentration• which wore ot no 1lic· 
niftcant blolo&ieal hazard to man or marine life. 

All nuclear eventa at Ct.rl1tmaa Island were detonation• 
of devices released from manned aircraft. These bur1t1 oc· 
curred over water and were planned for elleeution under favor· 
able atmoapherlr condition1 to minimiie thP likelihood or 
contamination of land 1urfacea. In addition, followinr ea1·h 
event, grou11d and aerial monltor1 surveyed the ialand to de· 
termlne whether any radio11ctive r11in-out occurred. 

A Hazardft Evaluatio~ Unit compoHPd of 1cientifir penonnel 
of contractor labor11tonp~ ( Lawr~nrf' R 11di11tio11 i ,nlJorntor). 
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f:~i"~" ·-. ::·::~, .' 
· ·:~11 'Alu;;.p. Si:ienWic J.uhorutury, Sandia Cor11oru~io11J u11d 
~reprc1entative11 of the U.8. Weather Bureau WUM urirnriit.l.'d 

· ~tQ· 11dviae.ithe CommanuPr uf the Joint Task Force 1111d the 
~~Sclentifte,'.IJ!puty. Pre-11hot 1·<>m11utKtion1 were m111h• for each 

. detonation, The11.- eomputntions influd~ 12 oni.1 ~4 !"Jur 
:;tra,jectory1forei:aat1 baat•d on wind• from thu •urfKec to w,01.10 
Jfe\lt· ·~'"•clfted radiation excl111ion area wa1then1h•l'iurull .. <: 

'[l:'t~~ lnclu!JO'fany po111ible local fallout. Uail)' •oundinJH were ., 
lmade'to'l00,000 feet icivinic added Information that w111 lll'l11ful o:, 
'11n correlatlnir ob1erved cloud 1tablll1atiun·1'"d IJ10Yen11ml with : . 

. :~vredlcte~ ~ 1h0Hime traJeutorl11. · Where· appllnble, ut her , :_ . ;:~­

.·,' napon1 phenomenu were 1•on1ldered 1uch aa bla1t pruHtt11rc•, :, y,. 
·-';!'Pd pollflble eye lnjurle1 from tll' prompt ther11111l r111J1atitm. :: rt 
?;;,,Clo11d•tr~kinii aircr11ft mad• and maintained <'onl111·t for· <; 
.. :;.l!IV•ral hoµr1 with till! radioactive cloud follov.ing ea;:h n·;1nt .. ·· 
·~nduc~_ln. the lower atmo1phere. Timely Information on · ~~: 
"./,cloud mo1ement, top and .base altitude• wure obtained for uwe of , : 1·' 
."~vW>eyfr,eportt reirardmic openlnr of commereial 11ir lu11111 -, 
· .ihrou!'~ jlr.near th" announced dan«er area. There wa~ no 
~evlden°'··ihat ·any commercial air~af't encounh•red 1111y of . .' ... 
~thea. radloactlv41 cloud1. · · · · ' ' ;_. _},'•'., 

':~;=onlt~r~ng proeram durlng.Oper,atlon lJu1111nic/Y' 
-1.cwaa·llndtr~the co11nl1ance of the U.S. Public Health Slln·ice, ; ic.~ 
'iUSPHS penonnel belnr a11irned to JTF-8 durlnlf the opcr11· · S< 
alonal ph~. A radioloilcal 1urvelllanoc of' a netwoi·k of Ill' ''(. 
:...f"Onlwrin1(1tatlon1 wae maintained on populated i~lunds ·'. 

wl\hin a 8,000 mile radiu1 of Chri1tma1 l1land. Air 1u111ple" · ·~:. 
'were'colleoted on populated l1land1 out to·about 1,000 111i: .. , 

···/rum the tat 1one. S1mpl111 of IOIJ, vvwet11tlon, fruit11, wu11ir 
·~and marine life were collected on the populated Islands or lh11 
'.ar .. ~betore tu1tlnir ber1m and repHttd 1ampllnir w1" m111le 
; after· the hltlnr period to determine whe\her c:h11nl(e11 in the 
i'ltvel ·of radloaoilvlty had oecurred In the 1111a. 

.,. The 19 ••mplini •t1tlon1 Were divided into (l) Jirillllll~' Kll\· 

'Uon1, (8) Hetmdary nation•, and (8) backrround 1tationh. 'fh11 
primary •tltion• (Chrl1tma1, Panning and Wa1hiniito111 Wlll'l.I 

manned by USPHS oftleer• with equipment 11nJ 111mplinf': 111·h· 
nlquea to document all form• of' environmental ra1lion1 \ ivity .. 
The HCOndary 1tation1 (Canton, Malden, renThrn!Tolljl,:o rj!VU, 

Palmyra, Midway, Johnaton l1land and French Friic11te ::;111•1il&1 
were outalde the danpr area and were de•ia'Red to dn~uniuit 
air concentration and external radiation backrruunil. Thc~e 
1tation1 were operated with the u1l1taneu of Ta1k l''orn I 'ruj· 
ect Group1 and Weather <iroup1. Barlc1rr11uml 1t11tionH ·q, 'l'u· 
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tuila,. Rarotonica, Wake Island, Kw.Valeln''Aiull, Tongutubu 
and Viti l.evu were operatt>d b)' T111k 1''orce. Project ctrou111 or 
Weather Group• and'on Nuku Jliva an l Tuhitl b)' fo'rench per . 

. ' aonne.1. The purpose or thP. barkl(f'Ound 1tation1 wu1 to doc11• 

'• m"nt ·external radlailon barkicround and changeM in bark. 
: ·. ·sround level• if they oecurred. 

... , ,,. A USl-HS rad·chem laboratory wu eat11bii1hed in Honolulu 
· .. : .. Hawaii to 1upport tht oft'·•itv rad·aaf'e prorram. fo'aciliUe~· 

. ·~equipment and pel'IOnnel were iavallable for ra11iocht.tmicai 
· '~~;analy•I• of air, precipitation, w .. ter, milk, food and 1011: The 

,·:;;·racllliy remain• In 'peratlon at a part or a continuing pro­
'"!' rram ~f monitorinr'Nveral of the· Hawaiian· lllard1. 

i~ llMn,~mtnttl Menli.rint .· ;; \ . 
.: , The' bloenvironmental proicram for Opera~ion: Dominic waa 
. , uml•r AEC '""'otraet". with the Univenity' 1 of. W1u1hl11icton, 

· U Seattle, Wa1h. A flnaJ report of their data i• found in "Radio· 
·-:,onuclide Cuntent of Food1tuft'1 Collected at Chrl1tmaa laland 
· • and at Other Island• of the Central Pacific During Operation 
· ' Dominic, 1962," UWFL-117, by Ralph Palumbo.'-' 

During the period April 7 to July 29, 11162, eollecti11n1 o!food· 
i 1tull1, marine life included, were ·made from' f'igh~ oft'-1ite 

· 0 ' .11land1 and Chri1tm81 Island to ascertain· the radionuclide 
. _content of t~e samplH collected. In addition to 1nmples col· 

· · lected by th11 group, USPHS olf-1ite moniton furni1hed Hm· 
plH from area1 not covered by the Univenit)' of Wuhln,ion 
1denti1ta. Apprcndmately 8,000 1r.mple1 were collected dur· 
inir the t;me which covered pre·testlnir, te1tinr and po11t-te1tinR' 
period•. Part of theH aamplea were ecanntd promr• ly for 
radioactive rontent, however, a mtJority of tht 11mple1 were 
returned tu th11 University uf Wa1hinirton for complete 
analy1i1. · 

GLOSSARY• 

·~ , ~: llACKGROllNP RADIATION: N11elelll' lor ionisintrl raJi~1ivr" •n11ng rrom ·i 
~ · •1V.1'1thln the body and rroia the 1urroun<llqa lo whleh inrliviJll•it are 11lw1r1 ,~ 

'

. · "·;,;,: ', ·,;,..·o,-d. The main"°"'"' of lhe nalur.i llackwro1m1I rn<•iutran ll'O rv11• '.'. 
.. · ' • :::;.:llu111 411 In liw b111I», 110t1ulum 40 ind thorium. ur•nlu111. uml ll1rlr dtlfl)' .· 

, · .: . -- ;---~produfl• Hnrludint ralli\ltn) p,. .. nt tn twkt, and totmic rd)'ll. . 
.:,, '"! ·' ; ;•ll'l'A PARTICLE: A rhltl'ld ,.niei. ot.,.,., 1111111 mua e111il1od 1po11t11ne- ::~'l 

, . r·.~,-:. J·~.Wlly froia &he nu•l•I ,,f ..nllin r..Sloae\lft •lemenlll. Moot llf no& am ol' 

4 
··~\lie direrl l111ian prodllr\I einU (neJ•tlve) lit&. pertleln. l'hr1le.i1J, th• , 

· .' , ) MW parel'le I• identlc1I wl\h 1n tlmrfn lllfflllf 1\ hl;:h Hludly. :! 
' .. ";~ : · "fJOLOOICAI. 841.F·TUIS: TM ti•,......... for UI• 1muunt of I 1pWlfted '; 

9lomcn\ Wl\i•h ha• ~nlered lh• bo-ly \nr , .,.r11r11lar nrv·"'' tu i.. d1rNa11ed Q 

·ctt .. :.:.·~ .. ·'.·: · .::'.ife heir of It. lniliKI YMll • •• • l'Ollll\ vi n.111ral. binluit\rnl 1li1111Aa\lon) 

~- '•'···-·· ., ;;:.. ·.·Pol&: 4 ('°'91 or .. cu11ulas.d> q\lln\ll)' of tonl1tn1 ror 11urlear) ndlatlo11. i 
•'·.·'l'tw term r•• 11 on..n 11...i In lh• •llff of th• U'fK'IMrt """· e1p.--.I In i 

: 1 · 1 ...,1p111, which I• a -llUN or llw ~ .,.01111\ or loniuU011 lba1 &ht .• 
· :l. ·, J"..-n&i'>' of radiation oould Pfodue9 In llr, Thia 1hould bf dl1UnculllllM '·t 
·!·.·· .. :, · '«:t- Ult •••omd d11u, slven In repe or r..S.. which l'Oj•rta<'n11 Uw er.erQ ·:, 

~' _'·~ f7'9ia &ht ndllllon per rr•• If a119rlfttd bodr 1i1111e. F11rti.r, .
1 .,:;;: ·· ~~ ..... .wo,iool "°"· In ...... h • -- 9' .i. lllolt'l!inl otrffli- <A • 

. Ul1 ndie&fon ewpo1ul'O. ·~ 
·~ •'. DOii aAT&: Ila a 119nerM rult, the a!Mlllll ot lonl1ins (or ""' l•ar) l'MMtkln · ·t 
J~ · · ;, M whl'h an lndlridual -id lo9 ......... w wl>fel; M YWltl r.e.tvo per unit 

1 · · ;. .t time. i :Jl ., "Uf'OllURE, f:lTERNAl.i t:apoellN W rMla&lon \hat i• 1H1v~ntd rr~WI a , 
:;~ -'" ou&ai4e of th• Wy. .~ 
:t ·. Pl'OIURE, INTERNAi.: f;apo111l'O lO redl1U.n 4tll .. r~tl lrvm • ooul'ff In· ·l 
!~ ····.wt lhe bod)'. S&ron1lu11110 loclpcl In lM llonn 11 a11 1 ••r·•1•l• of lnler11i.J ! 
;j HJIOlllr~. ! 
~: Pl'OIUR!, WlfOI,£ IOl)Y: l1po1urt "-"' inYOlvet \ho wl1•il• bo4r rather l 
,'4 , lh•n 1 tpeciflr or11'1Jr. ·~1 
v PAI.I.OUT; Th• pn•~., or pht1M1mrnon of lhr rallber~ lo l•w ronh'• 111rf~9 . · 

.t par&atle• ro1111m1na\ed wilh radiu .. \h~ n>•l•111l flvm Ille n~l<>­
IClivt rloud. Th• lrrm ii llt0 appllt4 In a fOltl'(llv. """" lu lhr cv11111ml• '\ 
netttl p1r\leulalt me&i.r it111f. Trw f9rf~(or loro/i /n/f., .. 1"'11cllM4, llttll .. i) 
Whal 1rbltr1rily, .. '"- parlltlfol whleh Nlrh U1• rllili Hlll>ln « ho11n 1 
an.r I nurlHr "'"""'°"· Tnt "''•v-4 \nr .-urlol·w1olr1 }•lli,•1;• <on .. •I• or 
Ille 1m1llor p1rt1dr1 whkh ll<'•hd inlo lllll U/'l>rr tru1•vrp/o<11 111d In'" lh~ l 

· 11ralotph1re and 1r1 rarritd br wind1 lo all pull ~r th•""; I:. Th• ;l1i~r""­
fallou1 11 broushl lo 1enh, melnly ~Y roln 111d tn<>w. ''"' <,1.nd9CI t"rl1141 
ran•inll' from month•'" yr1n. 

Pl88/0N l'ROIJllC'T'H· A. pn.r1l ltrn• ror tl•t rompln m<>lu:o· uf tubot1nc"1 
protiut•d •• • ... ,un flf nue-lear fiu~on. A dl•thwt l•)f, • li·1·: , 1,1 oud" P.twtt11 
tNH •Rd tht d.,,., 1 ftH'iOM prudt1rft or ri•1iun l1no1tu1.r • v t wt'. are for~ ~ 

1 "•tr•I c-r1P1t•r-•l•1 ,,. flu ftl'ttt1 of llrriiud•11 ... .,..... \ii•""'~ .­
IMii "'"'"'' I' I 1;,.,, ,. 'l't'I,, l'nn111' ~.-,.,,WW·•~"·"· p(' Arfi· I! .... 

to1,.'lnh·l!·l.,.•\I '4~ 
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br It•• ••lu•l •vhllrnll of 1h• hnvv·elenll'nl m1clt·•· S.1111wlhln11' hlo rill t11r· iJ'" .. 
,· ferenl ftukin fra11menl• retull fro111 ruu~hly 40 dlll'rr~•.•I ~Hof 11 .. 1111111( . ':.;:~?~-.) 

a Ji••D nll•IHr ,.,.., ... i.e~ ur.nium :lll6 or plulorhun UP.· Th• ll11ou11 ~ .. ,. 
menl•.'•!itlnr r1dio&&tti••• l111med1a1tly lw11ln lo IJ~ra>:• fonnin11 atld11111nal ... ··.;,:Ji; :i" .. 
tdaughi.r)produm. wilh lhe "''ulL lhal lilf eomt•ln m1•lure or l\111un prud· ·, ::'.:jYf;ii:'•: 
url• '°formed runlaln• aboul 200 dill'trenl ioulop•• or 36 element•. · ·: 'l'i·" 

.: l'OUIJ .;U.'>IN: Th• ... qu111•t ~r nomO 111 whirh 11nlr1Pnl• are lran•fo•rrt'd ,;~·>> 
.· .. ~ from th' aoJI to pJ•nt• '°animal• 1.11 fllnl•- Th• ('Qllt"t"llOh or tl••11 .. VllrlnU!' 

· 1l•lfe• It referred to icenerally •• lhe ~lo•phtre. · .. , $,l~, 
. ''FREE AIROVERl'Kt:ssURE<OR YRt;E t'lf.LPOVt:Hl'Rt;SSUHt:i: Thv "~· ,( •. ·.~.)~,; 

. ·:c • .. 'f';''·reft.ntd pr9HUl'1', in .. ,. .. or lht ambi•nl •lm••t•herle Pre••nre, rr.,alod • If 
.{ .,. :, . In 1he lljr llY the blut wave rrum an ••J1.lo1iu~. '" . · ., 
i\l .. \.'FUSION1tTI!• proce11 whereby lh• nu•I•• uf llsrhl el•~•nl1, e1(1t'r1ally lhoH ',J~, 

··. ~ i~•of the llio&opea or hydrOll'fn, namelJ, deuterium •nd lrlllum, eoml11ne to form , • l!-'.~.t'-
: .:"'!~:;;;~ua o.r,a lae1tvler element with th• rel,'aae of 1ub1lantl•I amouni. of · ~ 1:~. 

, (JUUIA'flAYB IOR RADIATIONB1: El•rlroma11ne1ir r111iiartun1 o( hi11h tn· ,_ ~:~"'° 
... · trr:Y orlrlnlllni in 11.,mt• nnrl•I anrl Ul't1tmpanyln~ mPny nurluu r•·"~· 

' .r.·~,i: tion1,' ,,.,; ft11lon, radioactivity, •nd ne11tro11 Hfllure. l'hr•IHll>" ~amma •, ·;;!f(t' 
• ~r•Y• .,; ltltnllc•I with X·ra)'• uf hlirh en•l'll)'. lh• vuly eHfnti•I tllll'n•11•e ;. : ~"'··"· 
"""" llelntr that th• X•rlJ• do nol orlilnale fru rn aklmle nu•l•i, but are prudu<ed i:i 

... ;:_. In other;way., •·•·• by 1lowlnir down''"" tleetr11n1 of hl11h enerll)'. ~j 
·:oROUND.Z&IO: The point on lhe ""'"'or land or wa11r vtnlully bolow· .:\. ·. ·: ·:>: .. or alroff t)lt tenltr of a bunt of• 11url11r (111' atomirl WHjHlnl frequently '',. 

• ·1& abbr"lat.d to GZ. ' · · k ' · 
: IJALP'·LIF&I Thi time rwqutml for the lfllvny of• iclvtn ra4ioFll" •1•erin , ii[·. ·~ .. ·> 

,, .. w dffrt~ w halfotl\t lnlUal valut1h11 lo radloaftlvt may, Tht h•lf·llft . ff;' 
·: I• a eharaettrlnle proptn)' of Hj'h radloarll" •fH!rlu and I.• ind~v•ntlvnl 

'. ,,··· or ltl 1111011nt or eondlllon. The ..t1cllv• ~111{-ll/1 or a riH'1 leolupe " lhe · :)·.· ~.·~.: ·. 
'' 'q1me In 9"kh the quantitr In the body will ....,.._ w half .. a !'911111 of both . 
/ .ra4lolftln .. aranOlololieal1Umln1tlon,, . · · J_.,' 

ll'WUCl:I) 'llADIOACflVITY: Radlolfllvlty prvdu1td In n111ln m11trl1lt ;, ·', 
· u a 1'91Uli ~r nutl .. r rtlctlon~. panleulerlr th• r1p1ure 11f neu1ro11•, .whleh ;,\ .... 

are MC41mpanled br Jht furmlllun of un11tblt iradloacllvel nutiel. Tht "' 
acllvlty Induced by neulron1 from a nuclnr (or alomlc) esploelon In mall• ~ '' 
rial• eonlalnlnr the elemeno -i1um, m•111raneM, 1iliron, or aluminum mar 
.._ •lrnlkant. "~ · .. 

' INVERSE SQUARE LAW: The law whlrh 1la1t1 th1t when radi~llun (lhor· 
,_. mil ur nuclear) from a point 1ourte 11 ••nilled uniformly In all diror11on•. 

1h1 amciunt ..... 1ved per unll al'9a at any rrlven di1lanre from lh• "'""•· 
anuml"I no abourpllon, 11 innrHIY 1>roponlonal to the aquar• or th1I 
di•tan ... 

. ISOTOPES: Form• ur the tam• element hevin1 ld•nllrtl •h•mlr1I 11ro11ortin 
bul dUl'erlnr In their 1toml< muH• (duo lo different numberw or nrutron1 
In their napeetive nucM) and in thtlr nudHr prnp•rlieo, e.ir .. radioorlivily, 
ll•1lon, etc. 

l'ILOTON ENERGY: The enern of a nudear (or atomic) Hplotlun whirh i• 
oquini.n1 lo thal produced by the Hplv1lon of I kiloton (i.e. 1,000 101111 ur 
TNT. 

MEGATON ENERGY: The enrrn or 1 n11d1ar (or 11omi•I taploaiun wh1rh " 
Gqulvai.tlt tu I million ton• (or 1,000 kllot on•I uf TNT. 

METABOLISM: The pro<Ht In which lh• ~ndy broko duwn for1• i1110 w11IM 
materiall thai ire t1krn into the tell• m111I ma11uhrtur~·t.1 intll thr 1i,·i11~ ti'! 
tUtl Of UJe body. 

" 

MICBOCUl'lEi A u1w·uulho11th ~·· t .,r •curie. 
MILl,IKEM: A one·ll1ou1andth parl uf a 1'9111. 
11111.1,JKOENTtiEN: A on•·thouoandlh pare of a ro,.ntlC'"· 
OVEll'KES8UR.E: Th• tranaient 1•reQure, uauallr •·•1•rH"'" '" pound• per 

aq11J1re i•1ch,:1aeeedinic lhc ambient pNl•~;r .. i.d " 11,.. •huek (or 
blutl wave from an ..x11lo1lun. ~ 

Plcoc;:URIE: One milliomh uf a mllliunlh ~ . <Uri<' 
KAI>: A unit uf "baorbe1I duao ol r;,diatiun; u. ntJlr\!•t•nl• llit!' 111>:i1'I 11i1u11 uf lihl 

ersa of nwelv,.r ~Qr iouizmac) radiaUun '*' ,., • .,. uf lh .. ab11•rlnt11! material '•f 
11&111•. " ., . 

llUIHOR RELATIV>: lllOl.OlilCAI. Et'PEC'l'lvt:Nt!SS1: Tiu· ••liu ~r th~ 
number of rad1 uf ii""'"'" t11r X·I raJiatiuu· uf • c.rlarn ,.,..,.yy which will 
P'°!.IU<t a •peellled biulo·,e .. I tlTtt't to lhe numh«or ur rods ur i<Uoth•r radio· 
llo~ requl1'9d to protlut·e lhe tame •ft'eel i• lh• Rll~; or thi1 liilh'r rauiation. 

RJ!:M(· A unll of bic.loirir•I doae of ratli•llon; the 11an1e i• rlerlvrd frvm the lnill•I 
'l•Uen ur the term "r .... nl119n tqulvaltnl Qian (ur mnmmalJ." 1'11• num~r 
of r11n111fradl1Uon I• ••qual di th• num"'rofrtlllt 1b1urt.ed 111uIIi1•llfld by lh• 
KB~ of !he !liven. radi1tiun \for a 1perlll•d •ll~t~ . 

REP:' A unit~ •ll!rorbed duH of ndlallun now l>eln11 repl••••I ~)' lh• rad; tl1e 
''name l'f'pl1.dtriv.d fr11111 the lnilial lell•nofthe lerm "rut1d~"" •quival~nt 
ph1aicat.• ·~lcallr. lhc rep wa• inltnd•d loHprr11 th• c .. 11111111 ofenrrg~ 
abllrrbed per· 'Tim 11f 1ut1 tl11ue u I rttUI& 11( e1po1ur1 I•· I r.irnlttVn of 
iramm• (or ~·I radia\lon. 

RES!Dt:NCf.ffALF-TIME: A1 ap11lied to delayllfl l•lluul, ii '"lh• limr rr· 
quired tor the 1moun1 of weapon debrit dtpoelted h• • partk11l•r port ot th• 
1t11111tpllt~ f·l•t 1tr1101phtre or tropo1phf,., ~ ~rcrt'" \11 half ufll• lnlli1I 
v1Ju1, '' . .,0 · 

IWENTllEN~ /I. unit vf ~xpoau,. du1t of 11mm1 \~r Jl.J r•d11<t1n11. II la dt· 
ftnecl pr.cl1tl1•1he.•1uantlty uf sr1mma (or X·I rad11t1on '""h I hnt the ... .,. 
lil$ed tol'PU"1!11r emi11lon per O.OOIHI rr1m or air produre•. In air, ion• 
•un ;,.. OM'•Jnwowtalie unit qwanltty of lltflrlrlty or •II her aign. 

9TB4T01Pfflg1 A rvlalivtlr 111bl1 lar-r tr lht 1tmo1pl1t1~ ~eln~n the 
tropop11111 t!' a helrrhl of aboul 80 mllH In irhleh th• l•m1•«•\ur~ vh .. "lpt 
Ytl'f little Un' polar and temperate aonH) or lnerH•H On II" tro~I,.) wllh 
lnaeaelnr'iliitud••· In th• 1lrata1phere tloud1 or WMlwr """''r furm and 
lhen II prenlcally no runveellon. 

TNT&QUIV4LINT1 A mea111re 11! the ""l'ID' nl~••~d In \h•' '"'''"alion of• 
11111lear(or 1&o.leJ wn1•on, or In lh• t1plotlon ufa 11iv•11 qu,11111) "r tt .. iotr· 
•Ille mawrlll, Hprea••d In term• or lh• we .. hl of TNT whid, .• ,,.,1o1 rvlwn• 
the aame ... 11nl urenrll)' when Hploded, The TN·r "IUlv11i•11t i1 u1unlly 
•lated In llllotone or m•111ton1. 

TRITIUM1 A radioactive i1otope ur hJdro1en, havln, • ma" "' ,1 1<111t•; i• i1 
produce.rd in n11ele•r re1"·tor1 by the acUon of nru\.ro11111m li1!•Hi111 11ur'•i . 

TBOPOPAUSIC: The lmarrlnarJ boundary la)'tr tllvldi111C II•• 111 •te1rhtr• '"""' 
tht lower part ofthe atnm•phere, tht tropoeph•te. 1 he lro1« puu•~ normally 
c>ef\ln al 111 altllutl~ .. r about Sft,000 lo •6,000 fe..t in.,.,,., "'"1 l•m.,.r&l• 
sonn, ind at A,000 feel In tht I ropi••· 

TROP08PHICllC1 The r~ll'i•u of th• 11mo•phere lmmrd1ftloly •I 011· lhrobrlh'• 
1urt1rt Ind 11p lo tht lropopauH in which the lt1•1••r•l~rt· r1dlc hlrl1 ••1111 
larlr wllh lna'fa•in~ allilude, eloud1 tonn, convrr1lo11i11<'11·;,., •nJ ml1i111f 
It contin11n1 and mur• or le11 eom11l1lt. 

WEAPON l>EIRlll: Th• hiichlr rad101cliv• ma1tri•I. ""''i•tlr,,: "' 1i.<>I"" ,,,,,.,. 
uco. variou1 produd1 of neutnm «:'lf'tture, •nd vra11hn11 KOt' i.! ,1.rni11rn lhMt 
t11v• •~r•Ptfd 6•1ion, rt•1111dntn~ after th• 411plotlc•11 

fil 



" . I 
t·.; 

5'."'f. 

X·KAYS: Eltttromairn1tl~ radlalion1 •·i hl .. h 1n•111Y ~f,tj.\11 W'!~I, lensth1 
1horwr than thoH In the 11ltravlolet r•irlon. · · i~'j:t[, ·. ,, 

YI El.DIOR ENERGY Y~J&.PI: The totalelrlH'lh~ enrl'll)' ~--d In a nutlHr 
(or atoml•l .. plo1lon.; '' IJo 11111ally nprelNd m terma of the equivalent 
tonnlllAI of TNT r.qulrod to produ•r 1111 aame en.riff rolew In an nploolon. 
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The total tntrlC)' ylrld 11 manltHwd •• nurlear ra~i•tion, thermal radiation, 
and ahotk (and hlaotl tMl'Sf, the at\ual dl1trlbut1on belllJ cleponrl•nt upon 
th' medium In whleh IM exrlo•lnn nrt•uro Cprlmarilyl anci iWao upon 1.h .. 1yre 
af'W' .. JICIR and lhe llmt .ntrdftonalloo. · · ~.1"•:: · . . . .. \Zy ·:. 
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