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To :  J. BE. Reeves, DIirector DATE: Eovember 5, 1954
Office of Test Operations, SFOC A
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FROM :  Gordon M. Dunning, Bealth Physicist A‘,L/’/’ 107539
Biophysiss Branch Division of F{:logv and Medicine 7( )
"
SUBJECT:  REVIEW OF PO i0]R&3 PR KPC A 1

symbol: BMEP : GML ;)1,“ :

Attached are the draft forms of the Pollcies of the Atomic Energy
Comrimsion Regerding Radiological Safety of the Public During
Wespons Testirg gt the Revads Proving Greounds that we discussed
several weexs ago You will rote there are only a few minor changes
and that tre~s have beer sids- ‘v new sect‘ons {Policy III and
Policy VI

Since the policies are still “n d-aft form I trust you will not
mind reviewing them in carbor copr form. The Division of

Biclogy and #Medicine has reviewsd the policies, and after incor-
porating recormendations from you and others, they will be rewritten
in fipal forem “or Commiasion o 0 o
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ICRDUTI

The following policiss were sstahlished after full scasidsrstion fuor

the health and welfare of the puhlic, both {n terms of rediclogisel exposure

as vell as possinle hasards, hardships or {noonveniences resulting from dis~-

rupticn of mormal aoctivitiss. They are onnzidared to be sound guides to the

Test Maneger pot only for protecting ths hsalth and welfare of the public but
alsoc in arriving at dscigtions that would he mrally and legally defensible by

the Atanic Energy Commission.

Tvo bagie assytions are mede in this report:

1,

2.

It 1s the responsibility of the Divigiom of Bicology and )bdicipo
to estexligh such polisiss for the Atozic Roergy Commission as
deened pecessary o protect ths health and welfare of the
gensral populaocs froa cansequances af weapons tests ecnducted at
the Bevads Proving Grounds.

Although the Divisicn of Bicloyy and Medicine will gladly give
assistance and advics, tte cperational prosedures adopted for
mesting these policiss €all be ths responsibility of the Sante
Ye Cperations M‘rioo ani ths Test Mansger, as directed by ths
Division of Military Applicatinns.

Ths following palicies 40 not spply to domestis or wild animals sinoe

lovels of radiation vhich would be signi® cant would have to be much higher

than thoss spesi’ied herein.
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POLICY

Yvacustion

Introduct on

The deciasicn to evacuate & community 1s 8 oritical one for t ree
principal reasons, e, presumably t ers mig~t be s health hasard if the
persoanel were &]llowed to remain, Two, “.cre (s always an elemsnt of da'ger
and/or hardeip 10 jerssinel involved 1- suc an emergency measure, Throe,
the evaguatini ¢ a siza le comeuni* wy 12 serisly jeoparcize the future
uss of the FRevaca Pryvi-g Orounds and t:us w?fret ¢ 8 country's weapons
development prorrem,

I1 18 recoinite” L.at extermati o v meta wes mar BCCORpPANY &Y
situatica where co v *4lors 4. cave evac = -+ g: 8 mode o sction, The sitze
of the comruit -, arcas and accommodatis s ava'ladble for the evacuees, means
of trans;.ortati v a r tes of evac: ! o, Aeoalitinn of agulestory cases,
protection of t ¢ p oyerty ieoft ter‘nd, + ¢ may ot-er factors may enter 1nto
t 9 degision reiative to evacuat!i-r, & *laet eva uation cannot be made in
advance; esac: attust o oan be uwiig e, T e llowing criteria L. refore are

ir
su_zcested as \E'C'Lﬁea'/ax;sesti:x L. poss! s raficlorical thazardsy the final

decision must Y2 ma‘e on the Tamis o° &7 relevant factors ¥nown at the time,
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Criteria
. Table Ja suwwmarises the radiologics’ eriteria to be used {n evaluating
the feazitilitr of evscuation,
i 18 '

BATICLACT 4 CRITEFTA 3QT #ia: A" T, Y ASTRILITY OF FVAG ATIOR

Effective biological Dose® ¥inimee Effective BEiological Dose
Calculated To Be !elivered T at Must Be Saved By Act Of
In A One Year Per!od fvacuation (Othersxise evacuation
( Follow!'n~ Faliouvt w ] ot te iniicated,)
Up to 30 roentge.s (Lo evecua‘don indiceted)
L 30 to 5C roestgenus 15 roeatpens
50 roeqigens axw v {*vacustion {ndicated without

re;ard to quantity of dose t-at
=i 5t be saved)

eThe "effective t'oloical ¢ose™ {n an estizate of & Y4ologicel "camaren
dose, takins into mccount tre le gt 3/ time for delivery of a given
- doss, axd t ¢ redusting ef ¢ose de Ly ‘a) 8 ieldins efforded by
Yullidings &£ 0 (. e process of wnat erl oy,
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The raticonale for table Ta 1s as 7allows: The total effective tiolopical
dose that would bde reoeived 1f evacuai ) wers ot ordered is odviously a
determining factor Another gonsiderat >- (s the fact that such an action
&s evacuatio= coulA e davercur o e ivicuals aad could also possibly
te detrimental to » very necessary rw'! ) al «ffort of weapons development,

One must t-er asz , i+t how e w ! * gn ed {radiation dose saved) by
svacuatioa?® Ffs'imates of thess two wva-is les are indicated in tadle Ia,

Thus, & populace mar recalre wp to & ca -~ lated Y roentgen effective biological

Ly such actiory & o at 50 roentgens or  ‘cher svacuatlon would be indicated
without regard % .+ posz le sav' y» o radistic . dose,

T maxi-x a r y° =s3tirate o =2 o dceen, one war calculate &
theoretical marirus “ 7 nity pamck oo ow ¢ hen artitrarily divide by some
HEhar suc’ as "IY for an wsti-ite o7 % se artualls recelved, Terecas this
eay be satisfarc~ on w Frgt aprox v.’' 01, 8 more realistic estizante should
te nade, espec.all.  » e cdeall ¢ witr A mep ot mistt constitute & bealts
haserd,

Tue to thae ~ecess' : o” mavxi g es- oesgure =ity and deelsgions, 1t is
to be expected tha' cca—rate reac gn, taxe witl survey meters, will be tue

availatle evidence &' Lie Limes of corwer . Tadle Ih surmarises the parazcters

copaidered ir a3*'=a‘i-y 8 effent »s  ipc'cal Acse based on dose-rate
readings,
L ST
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i B C. 2. .S
= = - Bffactive Rffective
ﬁologlcﬂ Holorical
Fila Badze  YoSo Pacior DoSe
Pllm Badge Mological or Dosimster (lolumn um A
Beadins Yactaor Correction x C) x D)
Prom Lime of fallouwt
until tiee of N 3 3/
evacuation
Froa time of retarm
to 15 days after 3 3N 1/2
initizl fallout
Froa 15 dxys until |
s year after ¥} 3N 1/2
initial fallouat
} 1875 V]
sThe value of 9/1f has been rounded off to 1/?.
T j' } T ;—7

At later timss after fallout, better sstimstos of redistion doses recsived
my bs obtained from f{im badge reading» or dosimeters. If these fila badges
or docimsters are worn omn parsconal and the evidence of thelr wee sypparts the
Mwwmmtmawuwuu‘wwmto!mraﬂzﬁm“
received then the valuss reocrded em the 1 m bl = =r dozimeter mxy be accepted
with a carrection factar of 3/ to account for the difference botween the dose

received Ly the fil= badzs o dosizster (inzluiing backscatter) and that rece .ved
at the tissus derth «f fiwe centimsters, Takls Ic =xy be wsed in ertimating

the effective bdiclogical dose.
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At later times aftar fallout, bettar estimates of redistion doses received

may be sbtained fram films bedge readings ar dosimstars, If these film bedges

e dosimsters e wos @ persomnel and the evidence of their wse supports the
visy that the readings are & reasonahly scourste acoount of 4he redistion dose
received then the values reccried oa the fila bedge eor dosimster may be accepted

with a correctim factor af 3/h to sscourt for the difference betwesn the dose

received Ly the f1lm dadse or dosimeter (including beckscxtter) snd that received

st the tissus depth «f five cemtimsters. Talls ‘c maxy be wsed 4in estimating

the «ffective Yioclogioal depm.
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A B c D, K,
- ‘ ve Effective
Mological Mological
Pila Bedge Dose Factor Deose
Pilan Bedre Biolorical or Tosimeter (Cclem P (Colitm A
Reoaiin- Fact~  ferpactior > O} x )
1N VAN /b
il * 1/2-
2 V4 1/2
PCT Ly

*Ths valus of 9/1* has beer rowmdsd ofY to 1/?,
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Ddecussion of the Bilological Fuciort As longer periods of time are involved

in the dalivery of a ¢lven rediatior dosw, losser biological effects may be
opected, Proo L e Uime of fallout onti” the time of evacrmation prodably
will be & matier of hours ¥ ¢ 'as Her oonsidered essentially an instantan-
ecus dose, {,0., t e ~tologioa) dose fac or ‘s 171, TFrom the tine evacuation
eould be accorplin ed to tizme of retur o a“l: would be a matter of days,

#0 the biological factor ~as beer estima-sd at 3/4, Fron 15 days after fallout
until one year later s essentially a ch:a'lis: of one year, so the blological
factor rhas bee est . zated at f‘;/_'?. Tuw ]l e xted tere {3 no calcilation
after one year, because (t i3 exectad u wier actual c.mditions of radioclogical
and weathering tha' pro'ably no sifF~"“i-1-* dose w11 te delivered after a
years time,

It 18 rocogiiized t et Ve precias guanti‘ies sug,ested for t-e tiolor-
ical factor oa wt e spported 'y cowl.z ve evidenos, It is reascnatle to
expect t-at .o doliver of a give- ma* atinr dose over & poriod of man: days
w1l bave lese r¢slorical effectivensss t a- a= insta-taneous one (nerlectiing
genetic effects” ad trat Lo #xte s~ " t e period to essentially o year
s10uld yleld a sti ]! lower rinloyica. factor, 'ne plece of supportive evidece
{3 the work o Strand vist® where I-ray doses o “he skin rere fractionated
into equal dally azountsa, and the Niolorical ef%ects compared to a one treat-
pent dose. A lﬁadéipln‘l of toal Aoses warsus days after initial treatoent

yielded stralig-t 1 nes, For exm=zrle, ‘s murve for skin necrosis indicated a

ratio of 3I0OC/ .71 reenigens Por @& ~ae  c-scsent worsus 15 dail equally
vSlevert, Tolf M., * e 7ol-rance . cv o < Woe Privention of Iriuries Caused
by JToising Fadia“lona™. . - | ’ ‘
Vol., XX,ho,23€.auy 07 ¢ .
ey .
g, =
PN e
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fractiomated doses. OCf couv-me, cail- re*‘a rozes rectelved from fallout are
not equally frectiow:ted mo tha® L .w ratio wn 14 '@ ir e directio of unityr,
B Day by day doses delivered frox fallous fros t e 15t dar to one year Are more
nsarly equivalant t as &' earit times [1g w “ng the weal ering facior). Strandgvist
> data do not e-1e v Leynrt L days ad ¢ s ques’lc a e to extrasolate hie deta
in an attenpt to derive & similar ratic a3 & ove based 0- one yesr, sioce ot er
uncertainiies are oo frea, .0, 9/ 7rc '8 o wes "eri g as affecting t.e rale of dose
Celivery, etc., Te reio would presums ! 0 fa~f.er frop unity t an for a 15-Cay

period,
a
™e s&in 1o/relat vely ra;idl; repal ! >rgan ad U3 mar ted to over-

e apizs t-e effects of fractiomtios w er congiderl & wole-' ody gazxza dones,

Cronkite reports” "Iy t-e dog, with co alt gamma ras, t e dose t-at will kil
SO perce .t of ¢ e doys i 8 U irt—~a «r , we deivered i+ & 8. rle dosc at
rovy 1. 18 roper el ute ls apru lmatel 7 r, blirr L is dose of radiatio tue
aiimals tecore L1 w1t L8 raricd o7 T o |0 de s 8 &£ Fee) s pocur cefmeen tre
elfy U a4 twent .7 Am Loprr oace, 4 Toetl e, as profounc ancnla are
prevalent, 1 t e dose (s deereasnd to 170 r per day glve ovVer a fourteen- our
period, t e let sl dose i3 L creaax w 657X r, tn'er ‘ot cocditisns, tee
. animals die $1 approxicately toe@ sace ;ori:i of tineg wit ide ‘fcal oaifestetioc .z,
If e exposure i: drorec L 25 r rer 4 -ive- over & fo:rtee —.our period, the
let al dose is t 7 i‘rcreased to well over L2X r, ax t ¢ 8 mieas ax find nrs
- are ¢ a.fed,” ‘ne pro ‘ez 1~ puie ex, er 3w 3 1w t 8 evaluatio of possi 111y

tat teanimels wa. te virtun’l; dea’ w " 1v @ ey osures are eontinved, ™is
it e {llustra‘ed * wcerive '3 ug s U~ woore L-e dalls doces of LDD,
200 a4 100 roeniye s siver L. L res s+ w-a'e grouw s reaguired 3G0C to KOO0, 2700
}_ to 3200, a~d 2000 to 7/MN total roe-tgs s respectiral. for 100 nar eeat let ality™*,
3 ¥ediczl Aspects of Rudioclosical Tefense. Crunkite, ¥.F, Lecture to Federal Civil
[efe se Administraic-, Reg >nal lounferexce »7 Ro~t eav er: “ta-cs of Ridlolorical

—— A3 Texical Defenne, Kew York (ivy, Ot~ or 27, 1993,

#: USLA-P35, fegriaue o e Thorre 1< 0 ra
L3 - bR .0 =i
- .

P&l!‘, N ,“.LYI‘ 7 alw &L &, ‘ha L]

ten g Tnmma TR Tad_etlion.
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Experimm-ital dats ~oporiad 1 Boct e’ ame momarixed helow,

Bo. of Dose per lose por S rvival jotal Dose
Pays Pav (r) Yee [r) Time ¥.8) r
20 10 60 r Lo
10 ‘@ 3 £1 29. 5

Unfortunately rormal survival times were o0 pive: 20r were t-e ages of t' e
enirmsls, | dun.)

Fle!r®® has & ¢ * e two poinis frow "oc-e's dats, inserted t ese into
*is (Blair's) egua*! n relati g re;aratle 8 « irreparatle ca~sze, T.e ratio
of i~sta-taneous dose 'c S day dose ‘9 "0 o~ .92, and for L mo trs dose
& out §23/35C ar 0. 5.

Blalr susres 8 t + "M pown' s &are o ew 1y deer=ice { & constan's

(of t e equatio ¥ & . accurac . ®w . @ at leaz! "@ in tne proper

renge,® Fforvever t e o5 3tar"s 97 " 13 & -°L.- " ave c ecied well wit more

exte .zive da'a o ¢ T owriziiae fa e s 1 dicate t a1l Le rute of

! Ty R "_“t*h"‘hwrvﬂ;‘ o l“"//
recover. of rovace e o vl e Tastew ' e mouse, aoul one— &17 az fast
{ntereat axd o v »om-seve U oar Tasl t o2 gl ea plg &< dop, ‘utl as

Blair pot ted o' 4 reamctisr ¢ ¢ e s s noce represeniative of t.e larer,

loger<lived aicsls,

. e 4
R . oo Telattos For Tone
;v At e, lair, JE,
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Diacuamion of t e Atteration axd Weat eri y Paclor, Trom the time of fallout

until t . e time of #vuc 2a'io 1t 18 expected ta' personnal will be kept indoors.
{See Policy X.) Eajar losses due to »c2’ o 4 ¢ ca- ue! e relisd won during
tis period, so t at t e estinuted factor v 1/?. Froc {.e time evacustion
oould ngve tee- accomrliaed untll b times o0 eslmated retur- 1‘ is asgumed

t et personel will @ “do re &t alt o mac 2L ours ad t-st major

-

losses due to weat =7 g ca not e reiiad coec, T g ever-all factor is t us
3/L.

The sAnc reaso -y aplies o te t lie ariod of time, L,e,, from sssumed
tive of retirn %o 1S de s a"ter fally

Frozm 15 davs a”ter fallsut until ow ye:» la‘ser 1% is estizated trat tne
attemation due to Lid:ire A Le effecia af weet eri-g will yelild an aver-
»ll faclor of 1/2,

Dose rate rrad n;s have et taxe wi° . s.rye RC'ers outside and inside
of houses around t e Hevacda Provi-g OSroucs after fallout occurred., The ratlo
of readings varied wit o tvo# of coptimnt! 5 of t @ Louse asd wit. v e
locatéon wit 4~ t @ 3 ¥ALap, Geeral ; e railc of readings outside tw
inside a frame hovse was a-ont 2/1 w't & & -ew at preater 4i7 crevwe for
mE> Ty eonstructisn, 4 limited mm er o " im acges wers placed ouiside
ax § sgide of 8 ne "oues durl g T™me ler-S a ;per a'd also YUps o'~ not.ole,

In the first onse, t'e ¢'ffere ce it "0ta loses was agh' 2 & 1 or greatar
but during Ups-o'-Inow ole s d; sbouvt a 23 4 “f-rence was woied, In fact,

in one case durirg ‘= oxinot ole L £ lm afre | 3i”e read “ig er t.an

cutsicde, % e A 7 e L atmemr e o wg v rme a. “ata will agve o e
Lavestiated dur .- SHNSTRERS S IR 3
o IV



To very naure o' v 8 weal aring fac‘or ms'es v ig 8 4 fic]t paremcter
to evaluate, T e pro atilit. of occiirre :e of precipitation and/or winds axd
to what degrec " ar o> e eplizated as well as their affects on radiation
levels, Leaching e/ fects were st:cdied »r s5:418 2 out 1Y0 miles from ground
sero where fallw® ac occured durt g M & 01-"not ale, Dose rate readings
were inaignifice *) lower than % ose predicted v radlolopical decay according
to t"l'z.&ﬁ,er s perind of more v 3 ope rar, One exarple of the effects
of w ndp wnbee. a2 o served during Lo o ~%no'cle. Trhe fallout from the
Fare 17, 199) detu w1 was in & long narrow pattern to L' east of groud
sero. Toe socond Sy after falln: & ~s . er sir-¢ purface wind tlew almost
at right angles acr s» tie arex, for & ot 8 period of & day. Ioee rate
readl-gs were taxer oo t e flrat ax Y- dave ¢ Lt .9 same locations and
t en were comsred, 7ok fort A tose rates were less, v factors ¢ t reo
o six, t.ac 1L ooe . e expegted frix @ & firs. days readi:gs, 'ased o2
rate of decav of 1.2, (Ctmr fa st measurenerts indlcated t 2t the

rate of decay of ¢+ '3 fallout meierial voy ~icr sipnifioantly differen

GITER



fron t-1:2,) Beosuse -7 t ¢ 2yeeal eonittions described atove, these

reductions in contar na*in. protk L. Are s o nooer 1imit to be expected

fron wind,

D eratinna’ Peasxt 't o” Criteria
It Y8 no * » !rv.ent 2ere o Mlec sr o erit!onal procedures, but it
ghould be :sdictet 22t Lo com utirr p vatiattsr doses as recommanded

-102

472 Polic: T Ads a o oo A Menlt et T e ansnres koL rate of

deca;y as & fire & =~ _-a_ .5, "o 8 s Yrorran of dose rates versus

times after cdet: et » . can @ Cors ruce’ trar w30 pepresent & 30 roeqtren

effective Liolr-fce Suue for pw smar, & nddtit.oqal fazil; of curves ctan
te made t gt w0l - avia b g mnwwior, ot e caa- cers of owmceh time would

be avellsa: e L e =rac inttor an
resain ot of e At ntiss ween o amres to oyt ole for a savings of at
least 15 roean . ¢ 18,

The highest w cle-' ody gEanm dose recorded for any locality where

persornel were prese: ! o igide the Nevela Frowing Grounds sas at Riverside

4 [ O Y P ) -4 p
C‘t"n‘) sm (hk’ol lq pe‘O,yAL',,l frui.mﬂ, W ~ ot N er s=ven or ?mler_

Snapper, The maximix thecrelical o7 1Y garca dose was estinated to te

12-15 roentgens,

Ay

E |

P e b e te peresmel would Cave o
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POLIC" II

Persomel Rema! iny Indoors

YThen the parma dose rale readirr as weas.red ! v a purve: meter held three

fest a ove the yrouv reachics t e valiuves give  in tarle IT at the times

indicated, 1t is recomxended t-a' perss el o all te requested to remain

glve: in tve ta le w3l e reac ed, 1t 18 recor.eded that perso nel ‘e

radiation lenluw “’3.'3‘1 trose L- Lt e ‘a le,

et T O ok A o - o

wanl - v
Nre o Pallioat T am—~p Tosr Sateg At Time
of ¥allow*

{mr/.r)
i hour 2000

? hoors 31000
LI 607
& 500
s ¢ Lac
¢ 333

12 v 147

i‘g! of
L 83 o~
rglesse T v Coim rentriet iy Ctev. oA Yo wade o” Lne ‘mals of

firt er eviluat o o ¢ 1 SR AR B A A T
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C. It {s recorcended that pcorle w.o had ' esn ovt—of-doors during fallout

of the a'ove mar Atude or greater 'e advised to chance clothing and to

tathe, The eclot {1y ma- Le cleaisd ' norma]l means, ¥hile tatning,

special sttention s ould 4 paic o ¢ e na'rt ax an exposed parts of the

Lodv,

P. In the eve-t t'a’ ' @ monitoring tares place AT" 7 t:e fallout has occurred,

and extranolatio of t 8 dose rate realings eguals or exceeds those i1

ta!le T] at *te estimated time of faliou', % e~ 4t 13 recomme ded tr.at t.e

sime adyice ‘o rive- 2s i t-e prececi-y paracrary,

o o W e W e W e o i e
.
FBoooo 1
et .

Perscnrl Pema’ |1 "niocrs

DISC™.n' 0y

Te actior o” reguestins personnsl > rema’: indoors is predicatled on
the principle t st the radiatior levels arw elow L ose esta 1is ed for evac
atios and that ¥ !s Betio o0uld reduce ' - azonn! of oontazi-ation of persc incl
a'xd reduce somew 4t t e Woole- od; ghsci dose, [See Aprendix A for estinates
of reduction in w ole- ody garma dose. . e ac' al *savings® realt 'wisge have

te btalanced acrins’ possl . le adverase v 'z reaction,

The principal gair in requesting pere  #1 to resalin Iindoors is to

prevent or redvce t' e any -t of mtordtc de -« * at ma. actually fall o v e

'od or clot 1u-. Sore e pmR o falis Al occirs 8 ortl. safter

tie start of fall 1, 0 » Apeoarie o , = = dec sis.s a .l actlonz te

BN
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taken. Thus, by necessity, the most practieal eriteria upon which to base a
decision are gma dose rate readings whic: are ip turn related to the

saount of fallout,

Rata Doss To Sxin |

The most immediates sclutior might be to establish lower permitt ed
dose rate levels &t later times 2ftar 4dstonation FHRowever, if a series of
éose rates are mstablished for Iincreasing timee after detonstion so that
their relatfonship follows t™2°2, then tre doses delivered in X hours
(before the matarial 1s wvashed off) vil! be grester for earlier times
sfter detonation. 7f one vare sure of tre tine that the fallout mxterial
wvas to remaln {n place, ther a scale 0of ¢ose rates versuws time after deton-
stion could be wade te yield the same totasal dose over the I bhours, 8ince
thers 18 obviocusly no set tinme period for Aurstion »of contast that would
be valid for al! eases, one might assuzs the worst case whers the material
rensins in place unt{l 1ts activity har ¢ecayed to an insignificant level,
Dose rates toull then be aj;roxirated, % yiald a givern infinity dose, byt

De %kt tere: [ % infirity doss
A% dose rate st tine “t%,

If the above discusaior is acece;tad, ther the rezaining question is to
sst the infinity dose Hers, we mist he clexr that vharsas the msasurexents
taken by the monitors, and the dats wpon which action will be decided will
be gaxxa doss rate readings, the point o* principal concern is ths beta dose
dalivered to tre besal laysr of the epiderxis {assured as 7 milligra=s per

square centimetar . The retic of e »a'>n of bets to pamma is & function of

XKifan o "3 e
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time after doetowmiic . ax follows oo wig !l rela lo-giip, Purt.er, t-is ra‘lo
at ary give time a’ter fietonatio -as w' ‘ee “ircl: asig liz-eod, ™Me
report™ sugses s to» following da'a:

“ise aftler detonati-c Be a2/ arm

,,,,,, e e

T2 hNours 5717
148 hLours 1541

These daia were o la el [rom m eloud sasyle, rau er thar actual fallout
material, a .d wore a roasure of s .rface co~ ¢ & plague using 8 "dosimrter-
type rele-ru; sur’ace io ipatiorn s awr er ”

Te methot ¢f o llmetlon s eaty ta pors A4ty that the thicliness
of material o L.e s lag -8 ymy e Jixs Tk U5t Y0 e expecied from the
anount #f fallo:t t a would he of e-ce w.r. estizaling pro.a ilities of
teta turs, 7w w0 el 4w d 0 o gl ar dipir! ctlo of e
etas dinfluencia L e e & dose ra s 3t o+ Areciio of A Figoer value for

t:e plagues,

Aot er rencr: 1

Indteates 8 w3 0 gaxa ra. o of 130 to 1 tased on
{-eoretical cor~t2' s A L .trd rw;;xm"? poests & readieally lower ratiog
lowever, there aa "o mo~® 4o 2 ms '- ‘s £> clusinnz since t o foisation
chiex er osed tc mea<i"» ga==as p 1., ad 8 wa.)l Viczoess of 1 m of axell‘e
which ¥,,, excloded a small part 0" v e '2'al germa dose prese t, as well as
a large, iut uwnow , Traction n” t e eta.* {“tne range of 0,35 Mev Yetas is
about 10OC n:/cm2 or a proximatal 1 e 0" e 2l‘te,) For oz discu-sicn here,

ey

we will &a3scme 8 s.rface betd to gam x retic of 157 to 1,
Forent &

In e3timit s Ui  eta dose o " ¢ "a3al mR.oer o t.e epidermis, o e za

reer to {re wr. o’ ‘zrtrig“,ezsj. Hoo@s yeeet U e 85 00 of Chester R lte rics
AT =2C. 5CLentiTiC TLireCior s nkimlil, Annes .. M terore &i. . ©F urVe,-f£c T & a°
1l ¥in ¥stirmate of L e [clul v asard of f'o &~ srom m Lutloo Trom risstion, Trohooo
Sullivan, ®¥illde= 7', W0 . &gl 12070 0 3
2 UP-37, ProJect L.7 "Taz. - wva T2ttty . e e Tuntatinated Ases", June 1000
SHZID UNTIAL=RY 7010 10T .
3 oiffcct of Deta T m ¢ e "o pm B V- (M; e oere, Tntensito, and Doratto
Fodiatie ", Heoerigoel. T O L A ER R . e Yol 1, M. 2. Sumoer

*»



to plaques ocontsining different raliolsoctcpes. Pertinent dsta are abstracted

as followsi
Surface [ose Required to Produce Estinated Axount o
1’ Recognisadle Transepidsrmal Radiation That Pene-
! Injury { Roentgen—euivalent- trated Skin to A Depth
Jsotoce  Jhmersy = beta) - ‘
Tttrim’l 1.8 1,500 | 1,200
Stront1ea? 0.6) 1,6 1,400

Yetrima90 2,20

The gversge maximun energy of the dets particles from fallout material
varies vith tice but vil) be assumed to te roughly oomparadle, in respect to
depth doss, to f{ttrf,_‘u(’l or Sr70-1%0. Sirce tke gexns doss st a depth of
7 mg/c? would not be significantly different froa the surface gamma dose,
the ratio of 137 to © for beta-gaxrma 347 be assured at the baszal layer of
the epidermis,

{One experiment with sheer, wsing 6r70-Y90 plaques, showed that 2500
reps &t ths rlagues' surface rroduced nlrerstion in one but not snother of
two sheep.® Ov the other hand, 10X rais de;li.verod to tissus depth of
7 lg/czz fron s P32 ons inch diameter di sk“:,nx of anizal not l‘h.t-d} produced
tanning, prolonged srytheza ard ﬁesmmt!onq'?}

It {5 $0 be remembersd that the a>ove Alscussion was first bBased on

xface gaxma ¢ose rates whersas the monitors vill be making their germa

®rlorparative Study eof Experimentally Produced Beta lesions and Skin Lesions
in Ttah Renge Sheepr", Lushbaugh, C.E., Spalding, J.F. and Eals, D,B, LASL
Kovexber 30, 1653 {UNCLASSIYIZD).

®8E-33068 A statur rejort.  Sert. 1%, 194, {COKFIDENTIAL).

s
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zsasurements at a height of thres feet. tast fiald axperisnce has indicated
that the gamma reading froa lonisstion-ty;e wwrvey meters at ground level
{s adout 50% higher than at thres fest. Therefore if it be assumed that
a ground level gauna reading of a3 survey metar is squivalent to & surface

2

6ose rate, the ratio of beta dose rate st " g/ %o ganma 4d0s¢ rate at

$hree feet 1s about 20C ¢ 1.

Another approact to estimating the retic of beta dose rate st 7 mg/cx?
to gamxa {dose rate st thres feot i3 as frllows, Aasuzing a wniform distri-
bution of 1.0 megacuris per square mile of gumma activity, the dcse rute
reading fror an {afinite fiald i{s about L 1 roeatgens/bhowur,® Caleulations
given in appendiz » indicate thet s like nonecentration of fallout material
will producs sbout 430 reps/bour st 7 mg/ew<, Thls suzgests a beta to
gamza ratio of about 100 %o 1 whieh 1s about s factor of two lover than
the first approech. added support to thi: latter method of estimating
beta Soses 1s found n appendix C,

Such eonziderstions way be fraught with pitfalls. Tor exszple, the

above discussion implies & mniforr distritution of falbut xmaterisl., Obviously,

this is not eorrect Wut how far this deviates from the facts and to wvhat
extent this influences the resuiits s A410ficult to assess., Calculstions
inlicate that the production of recognisabls beta burns fronm & single
particle requires a high specifie astivity. {Ses Policy III for discussion.)
It -q/bcwj,‘lbmu. that the particles of fallout are &lose encugh to have
overlapring of reldiation fields and thus require significantly lover

specific activity af the partirles tn prectuce beta burns., This hypothesls

®#xpffects of Atonlas hea.ong™, 1487
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has support ia that even ths most superficial beta burns of the matives
expoped to fallout folloving the March 1, 1954 detonation showed a general
area affectéd rather than small $ndividuoal spots. On the other hand, the
osttls and horses axposed near the Bevads Proving QOrounds showed Wurns
over areas only atout the gise of a quarter Bren though these mey mot
bave been produced Yty single particies, thev do reyresext lsss of an area
effect than suggested for the matives. Also, radicautographs ef the fallout
in greas outaide the FFG suggest the ecocwrence of individual particles
vith non~overlapping of ralistion fields. Rowever, in nesrby areas vhere
ths fallout ves relatively heavy, there was & dafinite overlapping of the
fields,

WITE OUR PRRESENT KNWOWLEDGE IT SROULD BE STATED THAT DUE TO THE
PARTICULATE MATURX OF PALLOUT IY WOULD ®OT B8E FOSSIBLE TO BSTABLISH
REASCONABLE AKD OPERATIOMALLY WORKABLE CRITERIA THAT AT THE SAME TIME
WOULD GUARARTER THAT THERE EEVFR WOULD BE AF OCCURRENCE OF A BETA BURN,

If one were to accept the assuned bets to gsmma dose rates of about
100=200 to 1 (measured undar the eonditiors given sbove), this might mean
an {nfinity beta doss of 1000=2000 re;s % the basal layer of ths epider=is
vhen the wbholes body infinity gamsa doss var 10 roentgens, Of course, the
fallout material may be removed before the infinity doss is delivered;
yol, on the other hand, 4t i» not {mproballs that §t oould remain in the
hair for essentially this langth of time, In the case of a one=howr fallout,
almost one half of the dose vould be delivwred in the next 24 hours.
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The effisiency of a surface for ecllseting and holding the fallout
nstarial is important. It is not surprising thatths highest dose rate
readings as well as biologisal sffects were moted on ths hair aof the natives
and also on parts of the axposed Yody where perspiration wvas present.
Further, it was observed that over ome layer of light cotton material vas
sufficient to protect agairst bets sxir damage in most eases®, This vas
éue probably not to the relatively smal:l sttezustion of the betes by the
elothng but rether tc the physical situstion of holding the radicactive

material at soze distanca from the akin, Wiar sffect would de relatively large,

An added eonsiderstion {s the poaribility of high beta doses
delivered to personns’l fyom the falbut material lying on the ground and
other surfaces, If the highest degzree of contaxination considered under
this policy is safe vhen in direct eontsrct with tre skin, then the bctn‘
dose fron an equally sontaminated groind will mot be hasardous, (See
Poliay III for discusaion en unequsl ccr!anination on perscmnel,) Eovever,
it 1s true thet the contaminatlion msy exreed the amount to deliver dose
rates given in tadle Tl and yet pot de great mough to consider evacuation,
Soms personnel magy not go indoors and theose who did will eventually be
relsased from tais restrictive actlior anr trer zay walk around in &
relatively highly contazinated ares. Reiwusze of the more limited range
of the beta, the locxtion of grestest concern {s the lover legs.

One report estimstes a beta to gaswa dose rate ratio of ebout 75

to 1 &t 10 centimeters above the grournd.®® Under Folicy I it was recom

Kvrar Ee

& IT =33, = ‘ Ul g5 ngeldentslly Exzosed to
Sinificent Frllout Rediation, Croriite, E, P., et & 1, HKey 1954.

#8,.0-05(h) Ap Fotfrate of tte Rejetlye juza; Eots gnd Garre Fadietq
Lror Fissdon Froduc:, Gondlt, § °  ~en J,1 &no wuth, woAJS, BODL
1949 (UNTLAT TFTL




mended that sonsiderstion be given %o evasustion vhen the gumma dose rate
resding st thres fest was, for sxample, about 6.2 r/br at B3 hours.
Roughly, this would eorrespond to adout 440 repe/hr of beta at 10 oenti-
psters., Of eourse, this sotivity deeays &nd alsc it is presumed that
persomnel would be semt indoors, st lsast for a few bhours. On the ether
hand, {t strongly suggests that biologically sigrificent doses may be
dslivered to the feet Lif not protected. Skin leeions were frequant on the
bere fest of the natives evacusted during CASTLE. This probably wvas a
combination of bLeta dose from material or the ground and from that seuffed
up over the bare feet and them eclinging to the skin., (Ko lesions were

observed on the bottom of the feet, uzmubt.dly due to the thiek epidermis s+ 7~

te the fl!run;*,‘r?g-n!’ o T R TR eI I S N E r*l)I})
It would be expected thet normal nmuad-typc footvear {as eompared to

opsn sandals) would afford adequate protection to the fest from such high
bets doses as disoussed bere. There is stil)l mo guarantes that beta
radistion from msterial on the ground vill not deliver significant
bioclogical doses 1o the ankles and perte;s lover legs, after personnel
are relsaszed fron steying i{ndoors Por exaxrle, if the beta dose at 10
csntineters above the ground is 460 rers hr at B3 hours, it would be
about 190 repshr thres hours later an? 1€ rers/r six hours lster,

One further porsibility $s the socirmletisn of redicactive material
around the ankles and lowver legs restltirg Trom vortal walking ebout the

area. This is discussred under folicy 7
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Bats (o Ihaan Lxoemures

The work ef Femriquesl wuggests that at the 4 epth ef 0,05 mm n
living poreine skin {maxiwmum thickness of o pidermis) that ¥1400 £ 300
roentgen-equivalent-beta® (delivered over short periods of time »o that
they may be ammed to be instantansous; {4 required to produce recognis-
able transeriderza injury. The cuwrve of binlogiecal dsrage risss rsther
sherply so that et & dose of just under 20C rep (at 0.09 =m), the eridermis
zsy Do swxpected to exfoliate and in the majority of sases go on to develop
cironie radiaticn dsrmstitis persisting for months,

The preceding discussiocr suggests thet, using the gam-a dose rates
listed in ths eriteria under this Folley, whish are besed on sn estimated
15 roentgen infinity garma dose, as high as 2,00C reps might be delivered-
to the basal layer of the epideruis over « period of time eovered by the
lifetine of the radicactive material.

There have besn instances vhere the ealculated infinity gamma dose
in sreas where personnal wvere present srown’ the Fevada Proving Grounds
have reached 12-15 roentgens but thers have besn 5o kmown cases of beta
burns {n these arsaz The pumber of perscns ‘mvolved in these areas of
highest contaminastior was relatively szal’, parhaps a fev dosen, and with
ar observed durstior of fallout of aboul one bour it {s possible that
they vere not in & position to receive the full fallout, Likevise, xinmute
areas of the skin may Lave besn so affected yut not detected or reported.
In other areas sncoryassing same 2,00C pecrnle the infinity gax—a dose was

s
about eight roemigems end no instances of beta injury appeared. il . -

1 or.zit. .
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The estinated wvholelody gamma 4ose 10 natives evacuated from the
{sland of Ttirix following the Mareh 1, 1954 detonstion &8 the Pacifio -
Proving Or cund was about 15 roeatgens for a period of sbout three dxys,
bt no beta turms appesred. It is falr & assuce hers that direet contex-
ingtion took rlacze due tc thelr mods of living ipcluding housing that was
quite open to elr currents, Oeame dore rule weadinge vere taken over the
bodies of the nativer ai about H plus ™ ‘wurs both on the beach and after
boarding t:he ship. "mn the Beach ths jersontnel readings averaged about
20 wr/hr gamma {but this probably incluie! soze contribution from the
grouné coctaminstior , and after wafing to~ugz the msurf and boarding the
ship the levels aversg. 7 wr/ly gar=a.

The 1P native« om Sife Islan®, A)'rnsinee Atcll, received an estie
nated vhole-body gur=e dose of 75 roentges= in about two and a quarter
days, Of these, 1. later sxperienced «ii;-t beta burns, 2, moderate burna,
and none showed eyrilatior,

In the case of the Rongels; natives, the estizated wvhole-body dose
was about 150 roentgens in about two deys. 411 &4 natives later expor-
fenced bets burns te esome desTee fror -)'ght to severe and over half of
the natives showved epilatior fror slight to severse,

Tue 15 patives from Rongelay eveciatsd directly by alr to Ewajslein
had personrel gamsa dose-rate lsvels gecarally 20 to 100 xr/hr although
one was as high as .40 =r/tr &nd ore az ‘cov ar 1D mr/hr (st § plus  about
55 tours). The re.alrning 4% nativer eva:iuated ty ship were reported to

have personnel -easinps thet Tavers e’ A 1> v r before decontarination,
O B

AEZITEETN !
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The picture is further sonfused because some of the natives had bathed and
some had mot before tie arrival of the evacuation temm.

Most of the 27 U,3. Service personnel staticned oa Enivetak Island,
Rongerik Atcll, received about {040 roentgens, basred on filx badge read-
ings. Three merbers of the grour who were located for part of the tixe in
another section of the {sland were sstimate! to have recsived somevhat
higher doses, Seventean of the 28 perseanne! showved only slight super-
fieial lesions wits ons questionshle case o7 eplilation. It should be
pointed out that the personzel wers in meta. buildings during some of the
fallout time and for most of the time tlereaftar until evacustion. This
reduced the direct contaxination as wal. as the whole=body gaxzma dose.

A £i{1r badge hanging on the center pole of 4 tent & one end of the Lsland
read 9€ roentgens, Calculstions based orn 4nse rate readings st another .
part of the {slend Indicated somevhat lowsr 4cses, 1f persoansl had
recained i{n the open for the period of tine from fallout (about B plus
7.5 hours) to evacuation {at about F plus L hours), Upon errival at
Evajalein ens personnal garma 6ose rete reacing war a» high as 250 xr/hr
&t about H pins 35 bours,

The above Z4zta do suggest that there ray be possible a roungh
brecketing of gamma-beta doses versus deta burnse. On the one hand, the
natives from Ttirik received an sstirated wole-hody gazma dose of 15
rosutgens lnd shoved no evidence of betas Yuwrns, Op the other hand, the
nativas on 3ifo Island, Allinginas itoll, received about an estizated

whole-body gazzza dnse nf 75 rrentgen~ w'** . ;aersonnal shoving slight
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burns, 2, modsrxte burns, 2, no burns, ) vith wderste epilation, and 15
with »o epllation. Ia addition, Mongela) natives received 150 roentgens
vhole-bdody gaxma dose, and about 90% shovwd some dsgree of lsaiones and 68

_ some degree of epilation.

It {5 to be recallsd that: {a) the natives [robadly wers out—of-
doors snd received the full fallentt, {b) t.s olly bair, sei-caked per—
spiring bodies ineluding bare feet, and Jack af bething for wost would tend
40 eollect snd hold the fallout material, ¢’ the tize of delivery of essen~
t1ally all of the doses was two to three dgy». Further, it may be specu-
lated that the fallout an the more Aistart {sland of Utirik (about 300
statute rilss) would eonsist of enmaller particles and also perhaps lesser
possibility of overlapping of radietisn fialis fror thess particles.

Sone of tre relevant data sre sumaa-ised in table II., Due to the
uncertainty of tre degree of sxposure of persomne’l on Rangerik to the direct
fallout, this group is ot included, Tt s to be immediately exphasised that
any comparisons made or {mplisd in the table are at the most only sexi-
quantitative, Table [T will be referred t: in Policles III and IV tut s

ineluded here as a suxmary of the dsts diszussed adbove,

The data om ani=al exposures are lsss firm then those for Dunans,
Unzistakahls beta burns ecocurre! on esttle «t Alamogordo :n July 1945, on

cattle at the Eevada Proving Grounds {n s;ring 1952, and on horses in

o B
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JARLE 11
I 11 III Iv v I
Best Estimate of Average Doss Rates (mr/hr)
of the Islands (taken at three feet above
Best Esti- the ground) and of Katives (Persomnel
mate of Readings) after Removel from Radiatiom Tald.
Estimated VWhole~boly Both at Approximately Same Time.
Tine of Genxa Dose Skin
Wngelar b hps 180 T a. Majorityr 1300 8C 16/1 B850 nrs
2 Tone 90w1 00/
19 Slight it HL5), hrs
<2 Hoderato . Averaget
17 T 5] try
Eullatlont At 1450 hre
23 None Corrected
il Alight Average:
11 Hoderate “3 wr/hr”
. e i4 levere . — e _ , ,
i ngirae <4 nrs ! k Leplonas Avarage: v 410 =1 “;’f‘. WL hrw
2 lione & mr/hr
14 Slight At 1452 hre
{YOYY puUp= worrected
erficial) Average:1
| ' 53 mr/hrd
15 lone
Utirik 16~18 hrs 15 Leslonay Average: 110 15 771 BA7E hrs
None £0 mr/hr
Ioidabloni.  Aseumods
None 15 mr/hr
e LE7E

1 16 nativen cvacuntod by air to Kwajalein and nonitored upon arrival.

248 ™

¥ U35 Fhillp and monitored ebosard the ship.

Data saggest meter meedings lew by about 50%

since natives fron saxe i3land read £7-100 mr/hr at Kvajalein some four hours later with calibrated meters.
3 LD wr/hr corrected to 60 mr/hr according to information in footnote 2. Report did mot indicate range of values
asong individuals nor st different parts of body.

4 heading taken by monitors from the RINTHAN on the Utirik bdeach vhere there may have been some comtribution to dose

retes from land. After wading to ship, average persomnel readings were 7 mr/hr.



spring 1953. (The sXir damege observe! or shee; in the spring 1953 vas not
established to be beta burns,! Bowever, the exact positions of the anirmals
in relation to known smowntis ef fallout are act slsar,

Pollowing the last detonation of tire spring 1952 series at the Kevada
Proving Grounds, adout ons half of & herd of 150 head of oxttls were found
to heve o vilence of beta bwrms, They were thoug'it to have been 15-20 miles
from ground sero in Faleh Yalley to the rortheast and to have been sxposed
to fallout from the last detonstion. (14 ET az a 300 foot tower) Eighest
dose rate readings taken along a dirt rosd ruwming lengthwise through
this valley, integrated to 7%=100 infirity gamma doses,

During Upshot-¥nothols, 16 borses rhowed skin lesions over the back
and eye daxage vas noted in a fev, The best ovidence indicsted that the
horses vere some B~1 xiles %o the sast o grount sero on 17 March 1954, “
shere the fallout ocecwred from the first Adstonation {16 XT on a 300 foot
towver)., Radiation levels in tris ares ar« po% known with eertainty but
the fallout occurred in & narrow band and wvas carrisd by relstively high
velocity winds »o that it probahly fel’ un tha horses xt a time less than
ane hour. If sc, probably more than one—ia'f of the i{nfinity dosze vas

delivered during the naxt 4xy.

Quepational FeazibilLty
Under ths eriteris recommended in “oliay JI, there would have been
tvo occasions ir the past wvhers personnal would have besn requssted to

£
i:” i
[ BT
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rexain indoors, Onos wes &t Lincoln Hine followving the second detonstion
af Upshot=dnothole where they were so requested to remain indoors for tw
bhours and the other oceasion would have been at Riverside Cadins (populaticn
about 15) following the minth detonstiocn of the same series, The doss rate

Y

reading st Lincoin Mine was 580 mr/br «t E£2. Im the case of Riverside
Cabins, bowever, the radiological eonditions were not ascertained mntil
after the fallout hat occurred, The maxiruz (nfinity gamza dose in the
lstter case wvas 12-1% roentgens.

Psrsormel wers requested %o rema!r indoors {for abeut two hours)
following the pirth detonation of UpshotJiothole The highest dose rate
reading was 320 wr/hr at B plus ,.% hours This is less than the current
— recomeendat ions,
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POLICY 111
- Desontazination of Fersonual

- A. Mhere it {5 2ot posaible %o monitor pergorpel outeide of g genersl radi-
Rion fleld, it is recounended that en estimate Le pade of the degres
pf personnel oontearirnation by determining the location of the individusl
&t the timwe of fallout, In the event there fs yncartainty as to the
yalidity of such en sstirgte, the asswAfon will be made that the
dpdlvidual wes out—of-doors, In those areas vhere the infinity gas=a
gose equals or exoeeds 10 yoentgens, {4 {s recor ended that the {ndivi-
dusl be adviged to bathe and t9 gchange elothing,
= B.1.For versomnel being monitored gqutside the general radiatiop fleld shere
- 2xposed body (one-half square foot or moreiy
¥hen the reeding of 8 purvey ingtryment, held with the center of
: genter of the eontarinated grea, equals or exceedg the values given lg
able III 4% {3 recommended thay per=;nnel CHALL be sdvised to bathe and
%o chynge elothing,

.

w8 | aareszrE, 7
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GAMMA DOSE RATES AY TIMES AF

XEL SHOULD BE RECGMMENDED od on 8ituation of Contamination Existing

—

TABLE L.

DETOHATION WEXR DECORTAMIRAYION OF PERSON-

over_Relatively Large Areas {one—balf square foot or more) of the Exposed

W

Zire After Detonstion
Lonteninztion Ogourred

1 hour

2 hours

[ } o W~
-

10 *

200
100
&7

W
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tacice thope given in teble 171, The jeocmmended sgtion
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¥ben the general contaxingticn of a
Broduce g estizcted maxiwux heoretical infinity gwaw doss of 20
fpenizecs or greater, perpomnal whe hove been cut-of-doors et gry
ler oopowed to guch eq act as walx .l or)r teivest ¢ Tpildingz end s
yehicls) ghell be plviped $o brust off the ootwear {outdoors),
%o bathe and to ghange qlothing ss poon as possitls after the fina)

peturn indoors each day,
Sime &urins the first two Qzva aftor such ¢ failout ghell Vo miviged
to wogh thelr hands at leest after the fleal rubgm |
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The sises of areas and distances frum the surfaces were selected inde-
pendently of axy ef the information oz the fallout on the nmatives discussed
adove and wvere estimstes of wreas of eontanination and distances of monitor-
ing that appeared to be reasonabls estimates of these¢ paraneters. Ths elose
agreenent detween the gemma dose rete retirs dased on theorstical considera~
tions and those observed witk the natives i» c!rcusstantial. Por example,
an equally sontacinated area of three-inch radius would yield a theoretical
ga=ma dosse ;;:;34!;;’t;n01 less than the pelected grea of six-inch radius,

In the ¢ase of the natives, bowever, it is believed that they were sexi-naked,
pearspiring, and out-of=doors during the fa lout so that it i{s mot unreasonszble
to sxpect relatively large areas of the boty w be contaminated. In fact,
this was noted vhen they wers monitorec. Py their acts of walking erownd
during the period of fellout and sleering or mats that were hexvily contaxin-
ated it would seex possible that significa-t areas of the bodles of the
Allinginse and Utirik natives eould be as leavily contaminated as wvas the
ground. (It {s uwnknown if thers were sufficlent winds that might have

raised the meterial from the ground to tre body after fallout oceurred.)

There 1is furtber uncertainty of «hat (s meant by the monitor's report
of "average" persormnel readings. The dose rate readings in the halr &re known
to bhave been significantly higher thar the rest of the body in most eases.

It is unknowm bhow these reedings were "avereaged®.
Yhereas these data certainly are not firz enough for ons to place great

eonfidence in the precise guantities -~ %-¢ »p*i~s of 7/1 or E/EA they do
£ e
E"u-—ﬂ Lot
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radist{on exposurs vhensver possible, batling and a eshange of slothing gpight
bs suggested for situations where ths vhole-body infinity gemme dose was

leas than 10 rosatgens and ghould be recomsendsd for mreas vhers the exposure
is higher,

Pxie O Buzans .
In table II 1t wvas suggested that tie relative zvarege gamma dose
rates from an infinity eontazinsted £1eid &8 three fest above the ground
coxpared $0 that on the natives msasured >y a survey meter held eloss to the

body wvasi
HQR%’K B 7/1 (Utir{x Atoll
5w/ /1 (Otir
D.Q.n@f_ = 8/1 (Allinginas itoll)
53 mxr/tr
ui?._m'%: z 16/ ap ALILL]
80 =t Phr 16/1 {Rongeiay AtoLi;

It 1s recognised thers «re many uncertainties in estizmating such a
relstionaship by this mears, Even {f one as umes the dose rate readings vere
taken accurately the factors involved, sspecially in relestion to the amount
of naterial oollected and retained or ths body, oertainly are nct constant.
The higher retio at Rongelap Atoll might have been dus to a prysical
phenorenon vhere the quantity of materia’ falling per unit area was so
great that 1t vas not retained so completely on the dody. Even if this
explanation is eceejted, thers st!l) rema!ir many questions,

Theoretical eonaiderations irdicete a gamra d2se rate ratio st three

equally contaziqster *le'd nf sly irr- =«*' .y tc de sbout 7/1. {(See Appeniix D.)

?\ﬂ -,
T 1
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indicate the obvious fallagy of acce;ting a 10-roentgen infinity dose based
on garma dose rater measursd on personnsl sutside the radiationm field, Yor
exzaple, the natives from Ailinginas showved parsonnal doss rate readings
that would approximate alne roentgens (gmeema) ir 2f dgys and yet skin damage
to some degree vas evideat in 1) out of 1t of the parsonnel. On the sther
hand, the natives frox Btirik showed no s} !r damage with an estimated 2.2
rosutgens ir 2} days based on gaxma dcse rates measured on persomnal, The
uncertainty of these dats was discuseed wder Policy II. They do suggest,
bovever, that if the econtamination of & reletively large srea of ths sxposed
body producas less thar one yoentger {nfirite gurns dose as measured by a
survey mster held four inehes froz the swface thers is a large probability

that bata burns vill not result. %es elre Alscussion under Poliey II.)

oses Lrow Spall sources

Vhen the rames doze rete resding is produced at a given height above a
surface from a mmalier area, the smount ~f oontanination per wnit ares 1s
grester (other factor: being squal'., Thersfore, (t would ssem desirahle
to reduce the recommendsd dose rate lsvelr vhen relatively small aresas are
hm:lfod. It i recognised that radiatior froe another nearby spot my oon-
tribute to the suwrvey meter reading wvher monitoring s szall area on persoanel,
but this bas pot Deen taken into ascount, first because of the diffisulty of
ostablishing & prlor appraisal af this variable factor and, second, vhatesr
this eoatiribution may de 1t vill nov become an adied safety factor.

Of ocurss. tae protlex 1s st11] zorjlsx beosuse when considerinsg

smaller and scal er arear the gvantual 1 o'rt .« s single particle.
E T B ﬂ’
g.‘.un R
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dn estixate of beta doses i the surface 4f an imaginary sphere surrounding
e fallout partiele is givem in Appendix T and an estimsate of beta doses fron
& singls particle required to yroduce reangnisabls srythema is presented in
Appendix ¥, Calsulstions indiecate that the gpecific activity of some indiri-
dual partieles found in fallout would be great sencugh to produce recognisable
srytheza if belld ip eontact with the skir for less than ons dxy, yst the gamza
&se rate reaiing st 4 inches xay bde quite small. {Ses Appendix G.)

ddditicnal inforeation on dozes from individual perticles has recently
been reported®, The perticler found {r snd arowmd Eanford eonsisted prinei-
pally of thres radioc!sctojes, Ru(mj', 2ul0t and {te daughter Fal26, The data
and calculations in Appencdix W also strongly indi{cate that a single fallout
particls could produce a regognisahble ervihema.

Contexination of Clothing

In ths case of contanination of eleothing, Righer dose rates night be
tolerated than those for sxposed parts of ths body, This was exemplified
{n the natives vhere oo beta burns were observed under slothing of the mosat
highly eontaxinated personasl. {This does mot include such arsas as under
the vaist line wviere msterial ajparently ecllected and was held ia place,)
On the other hand, very large inecreases in oontaninstion should not be tol-
srated since it 1s posaible for ths elothiyg to be resrrunged sc as to bring
the contarinated surfaoce in sontact with tue zkin. JFurther, it is not
wnlikely that one may rub his bends over bus elothing and thenm through the

e e
halr vhers 4%t oould de held in place for relatively long periods of tirms.

e

#W=3306E, A statur re ort, Sept. 15, 1%,
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A further oconsideratiorn is the beta dose to the hands resulting fron
handling objectz contaminsted witl falloun material. 4dthough sone data sre
available on beta burns fror handling rad .ocactive objects, the conditions
are so different froz those assoclates wi.- fallout that soxmparisons probe~
bly would not be velid

If the ztove essurgtions and ealcu .stions are eorrect eoncerning ocon-
taminstion of a general srea from fallout than the transfer of all the
radioactive material to the hands fror an ot ject of squal area would not
constitute a hazard, Tris, one might eonsider uring as eriteriz for mone
itoring objects, the dose realding: givean abave for monitoring personnel

outside the genera’ radistion f1eld.

wo ¥  Bowever, the problem s more conplex since the hands nay eome intc

contact with cortaxinated surfaces many times larger in ares than the
hands, with an undstercined percentage of activity being transferrsd to
the hands, Of course, an added uncertaln:.y is ths frequsncy of washing of
the hands and/or the rubbing pff of the material frow the hands,

Furthar, one right speculate that a given surface eovld have signifi-
cantly higher eccntartnation than the gsneral aresa and that the handling of
such a surface could eonstitute a grester r'sk. This mxight be true because
of the greater smount of activity transferred to the hands or because of
the doses delivered during the time of actually handling the obdject. The
uncertainty of the percentage of tranafer of msterial kas been mentioned,
Cne uncertainly 4n tre second case {» t-e length of time the object would

A

be handled, e

®*Pets Ray Burns of Huran Skin®, Fno—owitor, et al. IDie Journ=l of the
Acerican Fedical hAgsacistion, V. Lil, be 4. ept. 24, 194%.

TR,
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Based on ealoulations in ippendices » and D, vhen sm object is held
in s band, a rough estizate of the ratic of 4&ss rates of beta to the desal
layer of the spidermis to that of the garma reading on a survey metar held
four inches swey froz sn object two inches in radius {outside a generel
redistion field) 1is 2600-520 %o 1. {(Appeacix I} Thus, if this object were
eontaxinated vith the sme aztivity per wit sres tant would produes a
Y0-roeutgen whole=boly gacma dose from genwral contemination of the area,
1t wuld produce about 77 mr/hr garma st four {nches sway at EBX) hours,
and about 200-400 reps/bour &t a deyth of 7 pg,’c:nz.' Since the palms of
the hands have sn approxizate spider=al laver of about 40 r.g/czz the beta
dose to the basal laysr would be about 135-:70 repshour, (The tinme of
BA)l wvas salected to shov about the highest magnitude of doss rates,) If

1.2 4hen the total beta

one assumes that tle decay is sccording to ¢
dose to the basal _ayer of the spidermis {n the pexti 10 houras would be
about 250-500 reps.

Yhereas the above estimates dc not iniicate an alarming eitustion, a
more serious problex may ccrme when the ocontazination 1s Ju-t less than that
where evacustion is {ndicated. For exam;le, the contaringtion of the general
ares nxy be five or siy tives that used as a1 (llustrstion in the preceding
paragraph, without evacuation being recomrmenied.  Thue, beta dose rates
from handling objects, especially in times sron after fallout, may be high
snough to be a protlea,  simple and ax;e4imt procedures to reduce this
factor is frequent wvashing of the hands afte- hantling objecte trat wers in

m

the fallout, N

®Tuese nurbers agree fa'rly well wvith the ecoutaticas in "Bela-contact
Hazards dssoclated wit. Gez-s-radiatior ‘e« re =mts of hixed Fission
Froducts®, Terec!,K ..~ [AES P YA A S o

‘W‘ \
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It was suggested in Policy II that oormal closed-Aype footwear (as
o tozpared to such as open sandals) would prodadly afford adsquate protection
’ against significant beta doses to the fest from fallout material on the ground,
> There ia still the added yroblem if the material be socuffed up and eling to
the ankles and lover legs. If thers vers o Infervenling elothing, or
perhaps even vith thir stookings or socks, this might result in significant
biclogical beta doses being delivered to thase parts, JFor example, Aif the
gaxza dose rate reading &t BE3 howrs were something less than ﬁ‘mtgm
: ( pe&r bour, evacuation would mot be inlicated FRovever, for fallout material
of the same oconcentration in esontact vith tne skin the beta dose rate st
—— 7 ng/ex? would be abort 6% reps/hour. [Ses Appendix B,) Fresumably, per
sonnel would be kart indoors for a fev hyurs it uson relsase the approxinmate
beta dose rates at 7 mz ez’ would be 260 w/br three hours lster or 210 wé/hr
six hours later. Ip addition, thers is the variabls factor of vhat concen-
tration off%b::*.erul xay aocurulate {» the ankle region by walking around
an &rea.
A concentration of fallout material en the ground that would result
in about 20 roentgens maximum theorwtica. infinity gamra dose, if in ¢ ontact
wvith the skin would result in & bets dose rete to the basal layer of the akin

of about 1/, YEEYES those indieated in the previous paregraph.

MEAR
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It 4o recozmended that when the rredictsd fallout acroas a main hishusy
¥il) be equivalent to & JO preeatgen infinily gemra gope or higher, vehjcles
be held until after the actue) fallout las escentially ¢eased, They sphould
be then werred %0 proceed with windows and air vents clored and the cars
ghould be monitored after passing throush the contaminated area, When

4ess than 10 roentgens, but still pigmificant emounts of fallout are
predicted acroszs s highway, wehicles ehiould be warned $o proceed with
yindows and air vents closed and should be monitored after passing through

fhe conterinated area, Yonitoring and wernings should be continued until
there i3 reaconeble belief that nc or vwery fev additional vehicles will

exceod the wvalues gilven {n table IV u.

Xhep the dogse rate readine feken Ancide & vehlcle, or teken over axy
sxterior ares that {= resdily acceczitle, equals or excseds the values
given in table JV.,a, the veticle phall de cleaned inride and outside,
Exterior aress %o be monitored shoyld i{nodude the wh an T

of the fenders buy not the under carriage, The purvey metsr should be
held approxirately four {nches froz eny surfsce.

a o™
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Oarmma Tose kates &t Times After letonation %hen Decontari~ation
gf ¥otor Venhicles 5ho ld te Feconseiced

Tine After Detonation Garma Dosc Pates At Time of
of Vonltorinr Konitoring
{=r/nr)
1 hour 1070
2 hours 500
3 * 332
L - 225
5 ¢ 200
6 o 147
8§ » 12°
10 = 100
12 = Az
2L 2.

T
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Eond toriny and Decontari-atio of Motor Vehicles

o In the past, fallovt has occurred across g ways in smigrnificant quantities,

( Table IV,b. talow indicates some pert! .er' data dur' g Mpshot-EKnothols,

WwoloIv.,

FTstimaied

Tose “a'n
Feadi g aof Approcinats
Shot Approx- Hir-wa. o Tistance
Number {zateo Time of Time of From
{(C'romo- Yield Fallout Palln? Cround lero
) logical) {(r°) . Towor (vrg) fmrfrt 0 locatio- {x1les)
l 17 bJo ol 2 ©2¢ 3¢ m'les pouth of 60
) lame o0 Hyw, #93
S
1 17 . 2V 12 1 mile wrtn of 130
31, ‘eorge,' iah
- 6 28 Ll B RV Jinciioa of 0.5,
Hw, 791 a 80
Bevaca Hyw,£LO
7 sl . ut .27 2. miles northw, &
Texlale,Rev,on
Fw, £93
7 S1 . T Rea 8 miles wesi of 105
Fmsq ite,Xev,
How,r9l
9 32 . 2 1000 35 riles rorth 50
aar? Cle~"ale on
( B . £93
9 32 . YA k29 St, Deorge,Ttah 130
. Yow, #91
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Road blocks were establiched o/ Fi,vways 93 and 91 fallowing shots
nuber seven ant mine of Upthol-Kmothole, The highest reading on a private
sutomobile was 100 wr/ r {gazma) inside a o 110 mr/fr outside at B plus 33
hours, About 75 ocars were washad ‘rovzil: }/° of L-e total monitored).

All of the cars t at wrre was.ed exce; ! t 8 o men‘ioned atove, had ovtside
dose rate readi:gs less L:an ~a)l of tre pest, T e retio of dose reate

readings ou tie outsg'de of the car %o iny de varied fromg unity to atout L/1,

wit: windows ax/or wveitilators opened or glosed, e bus read 250 mr/hr
outside 8¢ gverage of 100 mr/ryr (nstde w © a nigs inside readiag over tne
rear seat of 1LC mr/ r at = plus & Yk tourn,

Considering t o amount of time o w norzall; spends i: arn sutorotile,
these doge rater do 0! @COBSAIiT; represe ' a ' eal' hazard in terms of
ga =& doses, ¥Y'at 1s orotably & more L e tg factor is the direct contaxs-
ination one mijf  t acquire b rubiing aja: 972 U e outside of t-e car, especially
w.en changing & tire.

It is assumed t-at monitorig vl & accomplised putside a genersl
radiatio: field., T"heoretical calecula“! s (A~>e d'x T) indlcate that gur—a
dose rate readi:gs take: &t fowr 170 ~3 f=on 8 evrface will te 51%, L27, and
275 of those by & meter at three feet a0 &~ ocrally contanimmted 1201 te
fleld whe: the red'’ o” contamia'i s ara res-ac'ively } fee', 2 fest, a'd
1 foot.

aszse da'a n e8!t toat woe e siora s rate read. ¢ at four
izc es fro- & ge e-2.} rcontanineg‘e’ ~a e & U o e hall v el for an

§flte pla ¢ "a- - & " ree Tep o~ S e p’ o tarinatio . per unit

T

B g
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e woels are Leing monitored X3 to /L
! g) i» N

area will be abo’ eqgial; and when t
of & gamaa dose rate readisg will npmnn .qm'l.ant oonmimtiom( 4‘/"'\4
GImne . it Bl o T P "ICJ - L N N hA*‘ij vih, L/(
/ Another factor to L sonsidered 13 trat the procability ef ecollecting
fallout materisl o- Lo body fron 2 geverally oc-taczinated area in wiech
froe o #'s m:trso’ 1le. Tn L.e sther hand, it has
ig er arounts of oontamination

v
)

one lives is grea-er tra
t-at gig flomn
~e tires ad uer parss of feders tha- on the remaider

tees noted i~ 1:e pas?
have l-een fourx' o tires ad uncer
{Tdov tedly, t~in i3 & s m le preromeion of piecing up the
1f vne were to @ 8 ge & heavily contazinated

radisacve miterinl it aceirulste o the
‘ting of

'thewo
or ».ee Ly 8 sirrle ru

activity from t-e " ig wav, )

fices L 80 m*s of

tire, sig-if

hands, and latler '¢ tra- aferred to t « “al

e hands over thnsa Darts,

A comparisy. mipt - e mRde Yere - wep . recomoded maxirmmm dose rates
the esin Jie 3% levels of activity for automor iles,

found on perso nel ax

There 18 078 © vious Al fferece t e first case
t e saterial is alrmad. on t'.e persc . w- le {1 't e second case one has to
t~a 2fer &7 econtamination (and to

“owrver: 45 1

"
af

ol pro-abkilit,

t.e facto-
. ol

in ta le IV world represeni a out

3

8 for a infinite plane 4f U

{ 1troduce

w. at degree) fron t.e car Lo ¥
donse Teirs ‘measurid &3 staial

A car oas f
t e activity were conlined sa;

eq:kl cortani atior per wit ares fo
£ ! car were rather un' “ormly oontars! wsd. I
priscipally to tie tires @ under par.s 0" t e feders, thre dose rate read! gs
toice e derree 7 eootariwation, Ooe must welgh
o4 lee witl e ¢ aged tafore tie

misht represe ' nes-l
tris conditior w0 tie ory o8 M
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activity has decreased significantly.

A given dose rate reading inside & vehicle may represent less oontamin-
ation per unit area #us to the ooniritutiocn of guma radiation from the
exterior of the vebicle, On ths other hasd, eontamination within a wehicle
wuld more probably be picksd up by perscanel than if {t were on the outside.
Further, it is reoccgrized that significantly bigh concentrations of radio-
active fallout mey ascurulats im such parts as the alr filters of an
autozobile. Again, this has to be weighted against the probability that
they will be hantled before the sctivity bas decreased to lov levels plus
the fact that it fs relatively Aifficult to monitor such parts 6n a mase
bezis. The uncertainties present in estirating possiblebasards from vehicle
sontamingtion would not justify fine distinctions in monitoring the various
parts., A thorough eieaning, inside and oivteide, would appsar to be the
best solution.

Ones of the obvious vays %o avoid much of the problea discussed in
Policy IV 4s to prevent vehicles entering an area &uring the time of fallout,
This will not prevent the first venicles jessing through froa pleking up
sctivity on the tires froz the nighwvay. !t {s belleved, however, this will
not eonstitute suehb a troublesons ;rotlex and pest experience has indicated
that the activity fount on the tires not'reably decreased aftesr several cars
had pessed over the kighway. Yurther, 1f wehicles are not present in the
fallout it wvill nelp reduce oontarminatior of the passengers and of the

ins{des of the vehiclesr,

oA )
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Operationsl Yeasibility

T Io the part, the criterin used for vashing cars has desn 7 mr/hr, and
ot a leter tine 20 xr/hr {gamma), (mside s vehicle. This resulted in vashing
) about 75 cars {roughly 1/f of the total moiitored)! following the seventh and
ainth detonations af Upshot-¥nothols. TUnder the recommndstions given in
Policy IV, the txis mantioned abows, but orobably none of the cars, would have
been washed.
The dxta giver in table Y¥. %, indicste tist 4if these radistion levels
< given bad besn predicte! beforse the fallout, Righwgy» #91 and 93 would have
been closed prior to the fallout from the sevanih detonation and possidbly

highway £93 for the ninth 4etonsatiion,

AR
e
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dn v _sres vhare the thegretical gamra infinity dose exoeods 10
reentrens, adeguste ssmcling of the water, air, snd foodstufls shoull be
mede 1o sscertain $he oconditiops of porsille coptaxinetion, Pased on past
data, bovever, {t 1» not sxpectsd that wndsr those oconditions of fallout
vhere the radistion levels are belov those stipulsted for possible evac-
ustion, that the degree of ecortacinatico will be a health hasard, (Bor

is 4t irplied hare that any level adove this doeg constitute & serious

contazination of vater, alr, or foodstuf"s.) Therefors, it is rscorrended

C R B Bk BN B B BN NE KRN EE N NE BE NE B B
pIsCUSsT N
Xotexr
Tadble Vl.a. iists the six loeaticns having the highest eoncentra-
tions of fission products in water souress durirg Turbler-Snapper, and

for comperative purposes the mtutad:mmr;c{ica.l raxizum gazra infinity

doses.

_/
)



Ez\/ff Vel .
Concentration(nicrocuries Theorstical Maximux
psT milliliter extrapolat- Whole—boldy Garma
od to 3 days after detona~ Infinity Dose

Jocality 3ion) {(roentzens)
Yirgin River Irrigation Canal, Bev #.7 x 103 6.
Irrigation Ditech, 56 mi.nc. of Ploche,Kev w.5 x 10=5 0.15
Lover Pahranagst Lake, Bev .2 x 100 2.
Virgin River at Mesquite, Bev +.6 x 10 2.5
Bunkervills, ¥ev (tap vater .2 x 106 7.0
Crystal Springs, Bev {tap wvater; 1w b 0.15

Dus to westher and to attenustiorn of the gamma rays by buildings, the
vhole-boly gaans dose estizated to have bwer actually delivered vas probably
eloser to one-half of the values showm,

The gaxicsur perrmissible concentret . on of fission products in drinking
vater is 5§ x 10°) }m/-::, extrapolated to three days after detonstiocn. This is
considered a safe oonoentrstior for ocont irnuous eonsuzption,

¥hereas, the monitoring of water sources is of valus for docusentary
purposes it should be recognised that the oconcentrations found may vary
videly within gaall geographies]l areas mx! even at the same loeation &t
different times (taking into agecount radinactive decsy). Thus, eonfidence
eannot be placed ir yrecise values, Tahlw VI,a, suggests Lthat even if one
vere to have stored up tre vater listec a° Virgir River Irrigation Canal
and subzisted entire'y on this for a ife ue, tle conceni;gt%oni would be

“oRea
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about 58 tixes lesss than the mexizun permissible smount. Normal faoctors of
dilxation by additional reinfall and/or by tae influx ef lssser eoztaxinated

t ,‘,,/u,\*id -+

ground wvater would reduce the level of actirity,

AX
Considaradble affort has snd I1s bolng mads to evaluste harards from

airborne redicactive materials, including f salon groduocts, There are essr-
tainly many unanswvered problsms {ncluding the possible hasard from a single
particls in ths lungs. Despite the uncerta'nties &2l sa yet inoomplete
snalysis of the inhaleticr hasard, the preponderance of evidence today is
that the external gaxrma baxsrd frox fallcut is the wmors liwiting factor of
the two®, (Novever, ses dlscussion ar food contaninetion.)

During Upshot-Knothols quite oom;lete dats wers ecllected of concen-
trations of eirborne astivity on about 150 ceccarions in saxs {0 different
localities within 200 miles of the Nevada Proving Qrounds, These inecluded
monitoring of a«ll detonations. Kistograms wers zade of air soncentrations
versus tixe after detonation for ) occaslors and estimates were made of
doses to the lungs. These dxta for the five scmmumities shoving the highest
sir concentration sre given in Tahle ¥I.b., fThe hi:tograa for St. Georgs (the

high?l‘ bour average concentration af failout ever msasured in a populsted

area) is reproduced in Appendix J.

®.8 Hoc Coomittee Feesting, Wwashington, U."  Janiary 20, 1954,
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93 gn 20% Depogition Bz _¥hole-hody

T Bttha foeis  fese Toeeesa)
—tosaldty subic reter) . There *

8t. George, Btan L2 B 3.5
Lincoln Kine, Nev 4.0 ¥ w1 32 1.5
Mesquite, Nev 1.7 x w1 13 1.0
Groax Mins, Bev 3.4 x 2072 " 0.35
Piochs, Nev 2.0 x 102 3 0.0158

#Ths method used in estimating doses to the lunges is given in Appendix K, Cne
sssuxpiion made was uniforr distributiom of radiatior whieh, of coursse, 1is not
entirely acourate

The eriteria previously establishied ty an Ad Foc Jangle Pea=ibility
Committee (Washington, D.C., July 13, 1951, for air concentrationz wss

"At a point of human habitation, the ectivity of radiosctive
particles in the stnosphere, sveraged ovar a period of 24 hours,
shall be lirited to 100 microcuries per cubic meter of air
{eorresponding apjroximately to & greund level garma intsusity
ef 30 xx/hr .

"The 2.L~hour sverage radioact!vity per cutlc meter of alr, due

to suspended particles having dia-eters in the range O micron

to 5.0 microns, shall not sxcesd 1/100 of the sbove] mor is {t

desirable that any individual particle in this size range bave

an activity greater than 1>~ microcmir-ims ecaleulated 4 bours

after the blast.*

In the Jarmary 20, 195, mesting of the 44 Noc Coxrittes the basis
for recommending the above alr concentratiosm was discussed. Eszentially,
these criteria were selocted by estinsting tre garra dose that xight be

delivered by the pessing of a radinartive ' ~udl  Since thers &are bestter

RS-
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nethods of estimating gamna doses sinoe there are uncertainties in
evaluating the hasards of such transitory alr conceotrations as experisnsed
froa fallout, and sines the prepondarancs of evidence frox past nuclear test
seriss indicates that the externsl gamma haserd i{s more liriting than the
inhalation ons, 1t was recoxzendsd {n the January 20, 1954 meeting to
strike fram the resord the past rescemendations for maximum permissible
alr concentraticns. It wvas recoxaended that an air monitoring prograa be
sontinued for doounantary purposes and for wtetevar valus the data might
bave in the future when nev analyses might te mads {n the light of addi-
tional knowledge,

& further discussien of the single purticle problem may be mads,
In arriving st the recommendation ¥.,, mor s it desirable that exy indivie
dual particle in this size range have activ ty greater than 1072 microcuries
calculsted four hours after the blast” a ocomutation vas made that the aver—
ags radistion dose from such & particle to s sphere ¢one-half a millivetsr
i{n radius would de 385 reps.® Rowever, the eonclusions zay bs misleading.
In the case of a single particle, relstively large doses are delivered
pear the particle and small doses st a grester distance, Appendix L suggests
cne possible sstiaste of this phenomsnon., The jarameters involved hers are
many and 4{ffiecult to evaluate. PFor exm;’'s, hov long will a particle rezain
in one place in the lung and whst Gose vil de delivered during that time?

It has been suggested®® that in the uwpper respirstory passage 20-microa
diaceter particles are the upper limit of size for dsposition and that "Cilla

imtes, Mesting of Comxitiee to Concider the Feasitility and Conditlons For
a Preliminary Radlologic Safety Shot fo- Jangle. L.A.S.L. May 21 and 22, 13%1.

S#0U_33068, 4 status re;ort.  Sept. 18, I ¢, {CONPIDINTIAL).

b
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sweep L to 6 cycles per second. The probability of a particls remaining
vithin one millixeter sone for as mal as one=half hour sppears $o de
vanishing small, ... Protection will also be provided by the muocus

lining which 1s {tsslf rensved several times am bour.® Aocepting the
estinstes above and Lbo asthods illu.ttrntnd {n appendiees E snd ¥, it nxy De
ocoryuted that adout ” reps would be delivered to ths surface of an imagin-
ary stationary lphcro one millimeter ir radius by a 20 micron particle (2 C. C
xterocuries), Larger dosos wzziwui’a. vered closer to the paticle but
with the relatively rapid movement of the particls, 1t does mot appear
that large doses will: be delivered tc a g-eat rurber of cells., Multiple
sxposures might ocour from additiocnal particles but again this risk is
diffieult to evaluate,

tﬂlﬂi"
Consi{derable effort 1{s deing directed tovard the stuly of eontam-
instion of food fros fallout. One alemen: of major ooncern is &%0, It

has been estixsted that If oce were to sussist entirely on food grown from

st FPratm T

soils containing about one microcurie per square foot of Srgo, (1,000 pounds
of calciun per acre), that over s period af years there would accurmlate in

the human skeleton s body durden of one eicrocuw-. . =f Sr" #, Soils taken

fro= ’
about - miles from the Nevals Proving Grounds, nov showv a concentration
of microcuries per square foot

®] ~{vate comrunication, 1. &, Dean, L. [ Dejartsent of Agriculture,

Beltsville, Marylans, a;ril 23, 95,

P il



"

~

(Although not of direct soneern t« the Nevada Proving Orounds, it is
of irnterest to note that s0lls wers eollscted from the Marshall 1sleands
folloving the fallout ir early Mare: 194.. Appendix &) summarises these
data.)

4 recent rejort® strongly suggersts that sontamination ef leaf
surfeces followed by sither direct ocorsux;tioz or iztake Yy way of milk
{5 fer more an important pathwny of intace than ty the soil-plant—animal
gycls, st least for those times of year vhen plants may be in a state of
grovth to eollect the fallout. Purther amlysis is being planned.

This sa2e report® ralsss a nev protiez, Based on stated assumptions,
the data preseated indicates that doses to the thyroid frox {odine radio-
$sotopes may be a greeter hasard than *M Pu-ther, the report suggests
=,'the doss Lo the thyrc!? {dalivered in a fev weeks) may
be nany times grecter than the theoret!ral maximun external doss. Additional

evalustion will be given this probles.

®Rerort on Gabriel, LZaAEC, Divie® -n ~f Riglosy and redicine, Washington,
Docu July lr?"”‘q ; Ny ”I
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If intesrations of 40se rete reedings sre used in estimating the &ffeoc-
tive bicalogical doses, them table ¥ may be weed.

TARLD ¥

Wltiplictica Lrfestive
acty Elciogiogl Pope

Naxims theoretisal radiation ,

dose from time of fallsut %o Vi

18 days latar.

Maxizm theoretieal radiaticm ,

dose from l5th 4av tc one 1A

year.

ICTAL:
(bast estimete of
sffective bicleogical
doss)
L £iln dadges or dope meters ary vorn on personnel and tho evidence
Sf thelr upe Roports the yisw that the realings sre a reasomably eocurate
pooount of the rediation dope reosived, than the yalues recaorded on the film

padge may be accspted with g ecrrestios fastor of 3/4 to socount for the

differsnos between the dose recsived b7 the film bedges or dosimaters

{including beckscatter) and that received st s tissue Septh of five

oeatinetars.,

s
N\ N
“

N —
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1953 the follow!i g recorme dation was mede,
It 18 recomended, and found to de in eonformity wit: the present
principles of determi‘ing perwdssi ls exposure lirits, tiat for test
operstion perso nel t's total 'ody gams exposure ‘e lizited to 3.,9r in
Virtecn weexs, a¢ Va4l t-s sans fi;ure e &prlied to the off{-site com~
monities wit ¢ e fur® er Qualificat on &n t e lalter case tha: %v.ies is
te total figure for t ¢ year, Io groeral, t is implies & single test
sories in a-y giver vrear, "
Or the asis of t is recoxme &t o ad t.e reasoning discussed wmier
Policy I, t e eriteria for estimeating % » ¥ ole .ody ga-ma sffective tiolofical
dose are sguznarigad 1 Ta la V¥V, It will e wted t at t 8 lological factor
included vxder Polli-r 7 1s aadtted *n Po.tcy V. In the flrst case we are
doaling with rela‘ivel: (g doscs © a” w2 require erergency peasures w:t
Leir sattedant ~azards, It s & si‘uatico” wiere one wighes to estimats alld
pertinent facters i evaluvating radiet’ + “oses eyo- thouy ¢ e mar oL Le
xown vit preciser gx, efore recon e din 8- emerpe o Aclior that! max
procduce greater pro lews. In '“e case o’ "olle~ ¥ one is gonscrned wit:
relativel: lower doses duri g ro tine operat!.-s, It wonld ‘e difficrl: to
Justify or t e ona  ard t-e proyos o 'rat weekl: doses for ge-.eral popula-
tions may t@ 1 tegreted a4 tase in & s ng.e expos.ae without pe:alt; a:d eon
t.e ot er mand t-at a ¢!‘ve: dose rece’ved over a period of a year ma, be adzin-
istpatively red:ced tecauss o r‘olo;icsl repalr, T erefore, the :4cola;ical

fagior is exi tted,



The general offects of dackecettering on msasured rediation doses are
fairly vell estahlished. Purtbar, knowlsdge of depth (tissue)~dose eurves has
oldvanced to a quantitative state.® Thuns, thare seems to be littls doubt that
a f1la bedge or dosgirstar worn oa the parsoa will ower-estimste the gamma
radiation dose delivered at 2 dspid of five contimeters (aammsed dspth of
blood farming organs;. 4 major factor in determining this difference {s ths
quality of radiation uwnder eonsiderstion. One report® desling explisitly
with redistion in & fallout field ecgpests s factar of about 3/4.

*Perpigsible Dops From External fources of Joniging Radlation, Naticmal
Buresu ¢of Standards Eandbook 59. September 24, 1954.

*T-E14. RElfective Epercy of Repidual Gamms Radistion, Jamvary 1954.
COXF IDENTIAL.
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Asrune’ Tixe of fallout = B3 hrs

Then:

Assune?

Then:

Dose rate =t B g €667 =r/hy

Theoretical mexirux dose fron time of
fallout to three hours late

Sarings by recaining indoors for
three nours

Oze yenr effactive ticlogical dose if
personnel did recsain !ndoors during
the trhree hours (based on same assunp-
tions eoatalined in section >0 evacis=
tion

Fer cent of one year effo~tive biolopg-
1cal dose saved by recaining indoore
for tre three lours

EXAMPLY 11

Time of fallout € HA3 hrs
Doze rate st BL3 & &7 mr/ir

Theoretical mexicua dose froo Lize ef
fallout to eight bours lstwr

Savings by recalning indoo-: for aight
hours

One year affective biologieal dose Iif
personnsl did pot remain i+doors
during the eight hours (based on same
aspwt {ons oontalned in section on
evacuat ion)

Fer cent of one yesr effective blologe
lesl dose eaved LTy resal~in, indoors
for tne eight bours

on_Doces Soved by Remaining Indoors

1.Xr

c.65 r

o~ 5.0 r

~13%

2.30r

1.5 r

~B0 T



7
-3 A
- '
':W//f p

¥

Assune)

-

—
{/

A
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Call LaT7 R

Qf Bota Tome Bate at Topth of "ever riLligra.ma per

1.5 ¥ev “eta {Mean @
/’(: 17 e=?/gm

(Tl avsves & singls mary & sorp*los coellic

I=ho o

w8
S B I { 1

&

¥ crer Foooodo
B ~

) ot v
(lC)‘Gc e - P

2 4

R 1*’)& w. -
65 x 1087 Mev ;-
3

1013 C Yery

Square

enery. ~ DLt

T aup 8r of ~etas
] [ ] L]

MES3 B pOr Llon
dimia ce

¢ TALe KL T
[ VERNE - S0 SN CRAE R
\
_‘Q_ﬂ . ‘3 Eo
T T ome et

|- L 4%

8/ sac

Lz=am € = RO po/omf eta)
F=2Cbh0 wore D
!: - “«.w V\‘ﬁ,,,
= L3? repshr
or = 3.7 reds/or
Corraris . eta [oasc “sg'e [ or
Ca A Tose Fote Koaw —a- 0
Temy & oave tre ™ Tye
Asmimer 30 ypi/c? {0 na), eg iva
i mey &c 2 .’ ? {ia ma

,(n,nr'rr v s

, o
Eobpth

e > £

Rev:

£y

ﬂt)

2! surface per cx? per sec,

L > N x
ecoe’lficient
vndar eonsidc-ration

Bev/ca-sec,

in ®eorycuries per e=?

= doss rate at depth T myp /cmz in reps

/cr:?SA/.c
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The following Aata are abstrected fror wre—ixertal results, vherein
a thin PJZ source prerared by soakiﬁg 8 f1lter paper in a soclution of
phosphetes, alloving ‘¢t to &ry, and then seasiriag surface dose rates
vith & swrfece flonisation charber.?
Thickness of source 9.6 q/cxz
P Activity of source 77.0/:2:/:::2

Surface doea rate 0.127 rep/acc
- 457 reps/nr

Dosage rate at dert: of x cemtinmsters p~3.5x

i. Jheoreticelly
R ‘ﬁ:’?_ﬂ (fo;r 33y

Subst {tut {ng above data:
-(9.5)(0.207
a - 9.5 Ko' ! -M .
<

2 7.0 C repa/nr
Let € & 77 uc/ex?

;‘ = Then R® 70 x 77 .
< _ ® 539 reps/hr ot 7 mg e ! F‘-M)

A dteele, Taceond B, lelrowe i1l Book

7



3. Eerizsmiallr
X w457 o—{9-3)(0.007)

= 427 reps/hr st 7 mg/ex? Sas
The two adove approaches sre within 26f of each other. If ome extrapo-

lates the experirental data from a sourcs o’ 4.6 ag,/czz to a thin source

(for soxparative jur—c«es' the two rethndu e wit!in 20%,
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ATPECTY 4

1 & L
m.le u"l{ma (‘& '\Te\.

Oarna Dose Rate from a Tield Six Inces in Radius lnd Ch anter

- Your Inc.es A ove Surface
PN
g
‘ N
- Dose rate of gamms froz & poiat souroe ,. "‘_j"‘b:_‘_,:"t 55\13\
- - ox TN &x©
rzé&y werer r»r/hr fe pmm e
C = activity ir curies per square foot
T = average enery. ¢ gar-as (¥ev)
.- C xdx “
T 672 e
ol B T 1r T
et
lett x « 1/2 foet
- C= 24"‘ pe/c=? or 3.6 x 12 o/ee? {cama)
F = Hev .
h 81/,‘1 fac i L 12 g 1/2)2 |
L= (3 ,5050a 1002307 1 ST
] ) 8 >
T = 0,56 r/ur
P
4 Comparison Gamxa Dose “a'es From Infi-i'e Plaue &t & "cig-L of Three Feut
S A ove e Or-und W 4Area of Six Ix a3 ".3 ad - elg t of Tour Incies,

issume; 1 mepacmrie mt1ed
:\3.:; x 1072 g/r1d"

ki rfr 5 q.0
S, 2 13

p

?M.'v
. thI
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ALIEXQIX R
Aspunet a. Point source

b. 0.5 Kev sveregs beta enaryy

e. LIBW cn-z/gn
d. /u‘xtto of decay follows t=1:2

The dose delivered at the surfare of an iraginary spherse at distance
R from & poirt source.”

(1) x(m) = %z 7' ey

gaa
vhere X{R) = dose delivared st the surface of an
iraginary sphere at distance E

K = average enorgy of beta particles
, ; C = totel murber of disintegrations
Substitutingtfx ® 10 c=2/gn Ju = mazs absorption ecosfficient
E = 0.5 Msv, .. :

Then: (2) E(R) = 0.377 53: Moy

gx=disintegret or

6.85 ¢
(3.2.) K(R) = 9295 x 10‘6 53?3 alliirers
] Lls ‘ntegration

or

6.35
(3.5.) E(R) 2 %@ 1 1070 ~10F

e e

disintegration

Bquation (3.a.) i» plotted an the xt-.ached greph.

FCR FISSICE PRCIUCTS,
- .. =l.2
(5) Mg,

whare: 4, = disintegrations per unit time at time "a¥ after detorat!
4 = disintegrations per unit tire at ons unit of tize after

detonstiop

kS

®ros=1, E.H, and ¥111s5, R,H., "Distritute’ Beta ‘ources in Uniforr]y Absorbing
Vedia" Juegeoqlic: Julr 1350, ¥. 7 o

o
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Integrating equation (2},
(6.8) €254 (3,02 - 0.2
and
, 1.2, 0, -0, 2
(6.b.) € ® st " (5,2, 02
wieare: - ® » total nusdbar of Adisintegrations from tiws "a* to ™"
ty ® tine after detonation
%y, ® leter tixe after detonation,
When ty is infirite,

(7) Coc = 5ast

By the use of eguations J.a. o~ 3.}, and 6.b. one may vomputs an
estimated dose &t the surface of an imag!aary sphere,

Of oourse, the problem is the deterxination of ™t ' and 't", 1,.e.,
bov long after detonstior will a radioactive particle appear in the lungs
and hov long will the particle remain in slace. The first time (t‘) {s much

easier to estirste tian the later (Lb :

(See text puge = )
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Lets ¢ =3 hours (time particle is deposited on skin)
ty, ® 27 hours (tirs rartisle is ramoved)

Assumes 200{reps = total doze required in one day to ;roduce recosnisable erythesma
0d cn  ® radius of ineginary spiere within vhich cells must receive
2000 reps or larger,

According to Appendix K, 2.5 x 107 reps, disintegretion is deliversd
to swfuce of imaginary sphere 2.]1 contimetar in redius

2,0x 192 = 8 x 139 dlsintegTations requirec
2.5 x 10~ :

C = 5‘1‘& A.{Eg - %ﬂj.1£7

A, = 1.55 x 109 ahr gp sbout

12.0 /m at B4 3 hours

Of course, the radl.s of the {zaginary ..here selected will nmaterially .
affect the ealculztions, Por mxample, & radius o 7.3 & would require a

particls of about 120 ~misrocuries at b3 Lours *o give the same dose.

s
e
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FTITTY n( ‘m}

VrTT
AT N
FLCIE IRCHURM =3 A

Esxtl-ate of Ganwg Dose Tote at Four Ine-es Fro- a 3ingle Partiele of Fellouy
“aterial

Assuret a. Assume pamma energy is approximated by ~oxparison with radium,
be A particle of 150 microcuries of bYeta activity or 75 nmicro=
curies of amra activity, {“ee i~-eniix ¥,
1= &Qﬁ—i" =

a wherer I w garna dose rate ‘r'hri
4 = centineteres

Lets ma ® 7,5 x 107%
d= 10 en

-2
rz ATz

2 C.063 mr/hr gamza cose ~ate at four !nches
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APTERDIX B
Dcta and Calculations on Doses from “inele aticles of Putheplum and
of Fallout  mteria)

A, Corparison of teta ecergies fron 2383 ant oM cixture to that from
fissfon produets,

P.uigg 0.3 Hev beta (T = (249

Rug ~0.03 Fev beta (T 3 1.0y)
Rh‘os 3.55 Yev tets (T = 30 «, )

ABSUZ81 Rum3/’rium ratio or . 7s%

To estinate wmesn average energy of betas "ron =ixtures

Farta L=otove vYexixun Snermy Retg coghted MVexirum Fne B
1.0 103 9.3 9.3
1.33 Rul06 .03 0.%
1.33 b 1,58 s N
5,7

g‘%% - 1.4

iverage energy ~ 0.5 or rourhly eculvalent to thet arevred for fission products,

(Of course, the average emergy of t}e betas iz ot the sole zoneiderstiom,
whereas the average waximum energy of beta from Z'sslon products is assumed
to te stout 1.5 Vev, the more energetic 7.4% ‘ev ‘ataur frmxm 1% 1 give

¥111 of the deta contalned ~eroln ob ~hethan!im ‘s eotalned int Te=33768s
A Btatu-’ mﬁ. S‘I*- '1“\5’ lq“o

ot A

N



B, Data on doses and effects from eingle carticlem of =103 and Ru106

A 2
1. Gise of particlet a3 o 120/1
Activity of particies ‘1,1%!. n/u
Dose rate to 7 mg/cnln 6,600 rads/hr 27,500 rads/he
Time dose delivered: & days ~% day»
2. Jurvey Jogse Ratg | cxin Z{focks
(zrads/hr)® (reds)®
400 - 800, DOC Sone visible
750 A, 0 Reddening
2,500 - 2,000,000 Desquanation
11,000 ~4, 000,700 Tlasue Destructioa
21,000 ~ 7 X0 000 Tissus Destruction—
2 cm across
2 ma deep

c. 0% 8.3 Pl estimated activity of particle producing reddening
90 «ffoct (n aboot 44 hours. The extimated sise 1s 100 microns.

D. (8.3)(144) = LZOO/»: total activity accounted for im the 144 hours
that the dose was delivered, (issuming oconstand
activity dwring the 144 hours!

® 90 mreds/hr @ 1
8 *total doss ref to the hot spot directly telow the jarticls, and is
vaiid only as {0 order of magnitude.®

P
A ——



E.

deliver the same dose in the same length of " ‘ze?

The ansver to this uestion depends upon the time after detonatiom
that the particle comss in oontast with the xkin, Aissuming this time
to be I£3 hours, the specifis activity would have to be sbeut 1507.
for the same sisze farticle.

Since the partiols may be wvashed off befnre six days have sxpired,
one ray consider tte problem another way. hat must de the specifis
activity of & particle st B£) hours to daliver this dose in the next
24 hours?

Aocording to Strandquist (p. _§ ), only sdout 70% of a six day dose
need be delivered in ons dxy to produce the same effect {erythema).
Accepting this, them a sarticle with adout tre same activity (160/10‘)

at B 3 bours would be sufficlent 1o Zel'ver an erythema dose in one

day.

: ~
¢’

[8]



F. The folloving data a-~e rajcrted for single jarticles collected during

Upshot-Knothole® and Tuxrler—'napper®¥

mg_%%mm

(ziles)
__-'ll. u
e 200 130
1,626 x 924 OO 10
919 LEO 11
723 | 350 .7
714 400 10,
555 140 Uu.7
387 250 4.7
234 &7 14.7
115 LR 35
a 1.0 U.7
20 0.5 R

It 1s not intended here to imply these sre the maximm specifis
sctivities per perticle that existed or could axist, The data at 14.7
ziles are reported to shov the vide range of specifis astivity that may

ocsur at one locality,

#yT-211, "Distridution and Characteristics of Pallout at Distances Greater
than 10 Xiles froa Ground Zero, March and ipril .963"*, fainey, C.T., et al.
(SECRET) apd LA-1685,

$80CLA~243. "Preliminary Study of Off-site Airborme Radicactive Materials,
Nevada Proving OGrounds®. Pebrusry 1953 {SECRET) pnd La-1628.

t280ata from estimations b wsed on radlicautograpn rethods

Ry

. o

hy ——it
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ALiENDIX ]
Igtdmation of Rgtlo of Surface Beta Dose [ote 4o Oarma Doge Rete at Foux
Inches from ap Chlect Two iaches in Tediug

Gamma dose rate readings st four inches 4{stance from a plane surface
two inches in radius, is 1/40 that fros an equs.ly contaxinated infinite
fleld, (See Appendix D.)

Assume an cbject Laving a two-inch radius !(s mcntaninated on all sides
(but not necessarily uniformly) so that the gawxza dose rste is 1} tires
trat from an equally contamizated surface vhose area (s equivalent to the
najor cross—sectional plane »f the object., The fraction glven in paragreph
one now becomes sbout 1/27. Purther assuze a .1 ratis for deta :surface
dose rate to gamma dose rete at three feet above an infinite fleld, Them,
the bYeta surface 4dcse rate t» gamsa dose -ste a% *cuar ‘nehes will de

27001,

VR
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The following sssumptions are made in estireating radiation doses

to the lungs,

A,

c.

B.
) 8

r.

YCIALN

Twenty per oent of the inhaled activity is deposited.

There will be no elimination of particles during thelr redioc-
active lifetimes. There is uncertainty as to the bdioclogical
half-1ife of particles in the lungs., In those corxunities
showing the highest ~oncentrations of fallout, the peek of
airborne material {whish accounted for the greatest percen~
tage of total fallout) cccurred oaly & few hours after
detonatioa., If one assuxes & radioslogical decay ascording
to 471°2 a4 & biologloal half-11fe of say 30 days, the
omission of bilo.ogical Lalf-life would not affeqt seriously
the aomputed total dose.

A1l of the activiiy is ussoclated vith particles in the
respirable range of siszes, Past dats from cascade

impactors indisate that about 50% of the activity ls assosi
ated with particles % ailcrons or less in the commmities
surrounding the KRevada Proving Crounds.

The lungs are mniformly (rradisted,

The weight of the lungs ‘s 300 grsas.

An individual inhales X cubie metery er 24 hours,



G. The average heta energy is 0,5 Mev,

H. The gamna dose {2 regligidle oczjared to tre deta dose,

Lao .. Il pe ) X
ue _Inbaled
ERERD! Acproximete {Col 11 tizey
(Jre ¥idroing 21,1V tireg
0508 2uratiop after Detonation ___/_uc/!’ 2.834 2.2)
0610 - lm ‘03 hl"l ’ nre "0117 1,0 3.0
1130 = 1445 3.2 hrs 8 ars 2.38 A3 1.26
1445 - 12845 4.0 hrs 11.% hre 6.3 x w1 2. 0.63
1845 = 2300 4.2 are 15.8 hre bob ¥ L 1.%0 0.5
2300 - 0635 7.5 hrs 21.% hrs 1.4 x 1079 9,087 0.02
20635 - 1838 12.0 hrs 31.% nre Tk O 1039 0.03
®Assured
Zagple Calculations
D= 5“‘1.2 5"0.2 - %-0.2‘:’
Lett t, = 3 hours
ty, ® 2124 bours (13 veeks:
A = J/n.
D= (5)(3 x2.22 x 108 x 60)(3)3:2 502 . " ¥
2 4.4 x 10’ disintegrations from Jrd bour te 17th veak.
Assune1 X = 0,5 Hev
avg. ‘ ‘
(44 x 1091(0.5)(1.6 x 1076 (*ﬂ")iv} ) 2 4.2 2 0% reps
42 ETepe A
v
Total Limg Dose for 1' wveeks: wE mreps

o oy



Zotipate of Dope at Jurface of lzazinary “rbere Ope Milllreter in Radliug

Assuzet Average activity for 30 minutes {3 3.5 ce at 143 to H43} hours
(See refersnce ippendix .) '

Thent 0,5 x 2.2 x 106 x 30 =13%%1x ‘121»7 disintegret tona/33 mizutes,

At surface of imaginary sphere 1.0 =mm !n rs.!..s the 4duse rate is

2.52 x 10.‘ — )] - {“e® Appeadix L)
iisintegration

(3.3 x 107)(2.52 » m"‘l 2.y x LxJ‘3 areps, 30 ains
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Estinete of or o In “oils of Jecific Islends
i I hood
, B ikl dald 4 ‘
Likiep® 1.oxiod 8. 70 i
Jezo 3, ol 1.2xlrd 4
AQluk P 3. S 12
Mejuit Lk 2. exa 8
Ormed 3. xod Lo 4
Xaven 1.6x.071 L.‘J.x;b;}“’ 2
¥otho 7,350 1. 307! 0.5
Rongelap ‘
(Yorthern) ‘a0 M 00
(Central) <0 TR 500
(1 a1 .X.Village) “.0 $. i} 500
(So. Cistern) “.8 9.2x101 500
Eriirippu® i%.0 25 4,500
Enivetok 50,8 1.2 1,500
Kabelle 0,0 &9 1,300
Ttirik 53.0 9.:x107% 60
Bikar 3 4.4x107d 250
Enivetak E- 6.6x1073 400
3ife 6. 1epc™d q, 210" 170
Hesnt®® ?,800

#1311 data as of Xay 5, 1954, axcept island of Er-iri

cra where date 1s ¥ay 20, 1734.

_a8Zspirated from comparison with -dore-rate survey -—esiinrs with Eriiripru. Rishest

—fallout-on any-isiand asesured.
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